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en the beneficence . .. he's 
letters like that all many of 

enad S. Downing League h; 

through . . . hmm of Herber 
a small change to the Leagi 


father goes by that name 
can see how things perk 
. . . to Nayne S. Dreen. Hi 


The ARRL bylaw which prohibits 
active ham industry people (tom being 
considered for elective positions has 


many years ,.. W1NSD. I'm so used 
to using W2NSD portable that I have 
an awful time just saying W2NSD 
when I operate from the Brooklyn 

Shire thirteen years ago. Candy sug¬ 
gested I hold tight, that rule changes 
would be along so I could get W1NSD 
and not have to settle for WAIEJU. 
Things move slowly in Washington, 
but one of these days... one of these 
days.. . Then all I’ll have to do is wait 
for Candy to process the application 
... will I live that long? In the 
meanwhile I'll have to mull over that 
Nayne S. Dreen bit. 


started Swan!), Andy Andrews of 
Hy-Gain, etc. Bill Eitel would have 
made a very valuable Director years 
ago if the bylaws had permitted it 

gained from the association. 

In this case, whichever way the 
election goes the ARRL will do well, 
so it is indeed painful to know that 


Subscription income pays for keeping 
records and mailing the issues and not 
much else. Of course without a lot of 
subscribers you don't get ads. 

Once we decided to go big we 
figured what the heck, why not do it 


though the last issue was double sized 
and had two months listed on the 


NAME CHANGE 

Got a letter from WB4SL0, Nenad 
S. Downing (note the NSD there), 
claiming to be a CO fan (I knew he 
was pulling me leg right there) and to 
be irritated by Wayne Green (you 


October, with almost 900 registered in 

was fantastic . .. 636 banqueted in 

was excellent, quite a surprise to any 
regular banquet eater ... roast beef, 
shrimp, black forest cake, the works, 

of hard workers that made it possible. 


both are fine men .. . Doc has been at 
the ARRL Director biz for years and 
knows his way around ... he is a 
tremendously likeable bouncy guy 
with a fantastic sense of humor and a 

Bill Eitei, recently retired from 
Eimac, by far our foremost manufac 
turer of power tubes for hams. Has 
something that is extremely valuable 
for the League . . industry back 
ground and knowhow. Bill knows 
everyone and is liked by everyone . . 


radio is to provide emergency com 

cally skilled people and provide 

get into amateur radio can help with 
the emergencies and good will, we 

admit that the pool of technically 

the art doesn't refer largely to getting 
youngsters into amateur radio, not old 
timers. Thus it would seem to me that 

lavor attracting young blood. 

The proposed Communicator 


i like 50 years 







a pair of ears on channel 19 on any 
long trip myself. 

COMMISSIONER LEE SPEAKS 
Thanks K0BIY for the newspaper 


Murray K1KEC, one of th 
England repeater coordinator 
got on skis last winter for tf 
time ... he’ll be there. Chuck 
WA1KPS, the chap who runs 


























be my guest 

visiting views from around the world 


Son of a Gun! 
The Noble Breed! 


Glorioso is i 





one and Juan de Nova is on right now 
them every night and I am losing sleep 




We thought about this for a 




reassurance angle. "You will work 



will never be a happy day without its 
worry. For when you have worked 
everything, what will there be to look 
forward to? 


over the ridges last week, getting se 
for the CQ WW DX Test. And we ra 
into one of the locals who has toiie 


these many years on various things 
such as traffic nets, rag chew nets, 
state-of-the-art things and stuff like 
that, "How's DX?" this one asked 


A Good Deal 
for Dummies 


politely, and we had to admit that it 
was thriving. "What are you working 
these days?" he asked, and we had to 
admit that we were working the world 
every morning and evening. 
"Anything new?" he persisted, and 
we had to admit that after working 
everything we were now working 
everything backwards and with our 
left foot as an added challenge. 

The Ordinary One thought about 
this for awhile and finally came back 


Early one morning I was watching 
the tube. They had a program on 

Federal money and some good action 
by banding together and legislating 
what they needed. 

couldn't do something like that. No 
big national organization was telling 
these communities what they needed. 
The ideas came from the people who 
were going to be affected by the 

The program told about a beautiful 
wooded area which was just sitting 
there. It was owned in the main by 
people outside the area. Somebody 

growing a bit, the woods would 


and made a plan. Then they talked to 
the land owners and got their consent. 
Next they got the plan approved by 

what do you know? They got the park 

roads, picnic tables, swings and things. 

Okay, we hams have a natural 
resource sitting there. It's owned by 
everybody. We would like to park 
there now and then. We find it a nice 
place to come and visit. Maybe it's 80 
meter CW, 160 phone or 2 meter 
teletype, or maybe even 440 fast scan 
TV. 

A long time ago someone got the 
idea that these are really fine natural 
resources, and, fortunately, some of 
the good spots got reserved for those 
who took the trouble to equip 


Now and again hoodlums come 
along and garbage up those beautiful 
spots, but nature has a forgiving way 

again for the next batch of humans. 

Here is where we ought to shake 
ourselves out of our lethargy. Right 
now. instead of being lucky people, 
we hams are getting the business 
Instead of getting Federal money to 
beautify our part of the natural 

in the Feds to cram us into smaller 
segments, compartmentalize us. and 
dump garbage all over us. And many 
of us dummies think we’re getting a 
good deal. 

Paul L. Schmidt W9IDP 
PO Box 105 


something?" he said. "A tew years 
back I went to the Pacific Division 

said that DXers were the top of the 
amateur crop . . . and that they knew 

it. I really think that he was right. I 
really do." 

Son of a Gun, what could one say 
to something like that - though one 

are Number One . , . when you stand 
like an unattainable model to those 
other types, one must realize that 
DXers are unique. So all we could say 
was, "Heck, I always thought that 
everyone knew that already." 

DXers are the Noble Breed!! Would 
any true-blue one admit otherwise? 

Reprinted from the West Coast DX 
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What This Country 


Does Not Need 


The eternal problem of acronyms is its budget, asking for S49.8 to run Assignments of spectrum space are personnel shortage could leopardize 



Executive Office of the President. With the next international general radio frequency management. Of that personnel developr 

OTP was asking for $8.9 million to frequency conference scheduled for number, 20 are expected to retire 

run the 48-man office for the next 1979. worldwide allocations will be before 1979. 

year. The FCC got a much stronger established through the year 2000 - According to a General Accounting Reprinted from tl 

going-over when it came up to discuss and there lies the problem. Office report, such an impending Bulletin. 


Jim Huffman’s 


What will be happening in 
circles in January, 1986? i 
Hufco's WA7SC8, and hen 


The next ten years for amateur 
radio (and electronics in general) look 
to be the greatest ten years ever 
conceived by man. Improvements 


equipment. As far as operating g 

joining the fraternity. Face it; 
world is smarter nowadays < 


communicate with computers to pay 
our bills. This technological 
"brainwashing" of all mankind should 
prove to lessen people's fear of 
amateur radio. Twisting knobs, using a 
microphone, watching meters, and so 
on, are the so-called fears of amateur 


ten years! All mankind will be ready 
to accept the possibility of communi- 

radio. 

The technological boom has also 

He travels, he plays, he turns to drugs, 
all supposedly as his escape from the 
hard, cold technical world. And what 
better escape than amateur radio? 
Electric bills will never climb 
proportionately to gasoline bills. The 
average man can travel the world and 

condominium. Amateur radio offers 
him everything: the excitement of the 
DX contest, the enjoyment of the 
ragchew, or the unequalled pleasure of 
home construction. All this in ten 
years if we now realize the potential 

radio is the greatest! 

As far as pure technological 
advances in amateur radio go, look for 
computer controlled repeaters in the 
not too distant future. Look for 


computer controlled hamshacks next. 

the band. And new narrow bandwidth 
modulation systems that promise 
more hams per megacycle. 

There are indeed paradoxes which 
will appear in the future. One involves 
complexity (sophistication) and lower 
cost; the other is complexity and 
simplicity. While one usually thinks of 

more, we are witnessing the opposite. 

integrated to a simple chip and then 
mass produced, so that they cost less. 
And costs are going to have to go 
down in other ways (proportionately, 

inflation). Manufacturers will have to 

prices proportionately, and manufac¬ 
turers will! People should wise up in 
ten years, and start producing more. 
Look for per piece wages rather than 

















be my guest 

visiting views from around the world 


Here to Stay 


It doesn't hurt once in awhile to 

to an on-the-air round table discussion 
of the FCC Proposed Rule Making 
Docket No. 20282. 

There seemed to be two types of 

ARRL loyalists who thought we 
should go along with the proposals as 
modified by ARRL management. 
Then came the comments from the 
die-hard, independent thinkers who 
inquired into the reasons for wanting 
the changes made. 

The reasons for the changes seem 
obscure. If the proposed changes are 
for operator skill upgrading, certainly 
the existing five classes of licenses 
offer a reasonably wide spectrum. 

If the reasons for these changes are 
for opening up one more class, the 
codeless class, we certainly don't need 


all this mountain of paper just for 


So just why are we undergoing this 

wondering why not to stir up the 
troops, but rather to inject the 
question, "Why?" Change is fine if it's 
necessary, but what is really necessary 
about the proposed changes? 

We are still, when the dust clears, 
going to plug in on the power line or 
battery, hook something to an 
antenna for the purpose of poking out 
a signal and hoping to get one back. 
We want to modulate that signal by 
some scheme (exotic, sophisticated, or 
otherwise). We’re still going to be the 

at opposite ends, doing it all for the 
it won't change. I hope. 



So what is changing? Really, what 
does Docket 20282 gain for us? We 
are going through a huge paper 

Maybe we‘11 get a new 10 MHz 
segment — maybe. Plus we'll get some 
new guys who claim they CANT learn 

It was reported recently that 
doctors are getting disenchanted with 
the American Medical Association, the 
AMA, because it's too costly for what 
they get, and they don't look to it for 
leadership any more. 

I belong to the ARRL. I support it 
where I can. but I'm disenchanted 
with some of the direction the ARRL 
gives. These thoughts might point the 
way to some changes not so much to 
the FCC Rules, but to the direction 
we are being led. 

CW is outmoded. Who wants it? 
Okay, think that way. Maybe it 
doesn't happen very often, but once 
in a great while knowledge of CW 
turns out to be of great help. 

If I were in trouble a long way from 
home, I'd surely try a CW contact on 
one of the Novice bands. The guy on 

him to get my message. 

No, we don't need to know CW 

license renewal time), and I don't care 
if the FCC wants to grant licenses to 
those who CANT learn the code. But 

another language. I want to keep it 

build and to operate. Before the 
advent of SSB they were the most 
efficient in miles per Watt. 


We have tremendously sophisti- 



puters, scramblers, high-density multi 



across the seas seem quite sold on it. 

Paul L. Schmidt W9IDP 
PO Box 105 
Bloomfield IN 47424 
















































































Autobiography 
of an 

Ancient Aviator 


W. Sanger Green 
1379 E. 15 Street 
Brooklyn NY 11230 


Back In T 

A] 

message about fl\ 

time. The luck t 
the Lindenhurst, 
where the groun 
hit us happened 1 
















had expired were reelected. The 
AMSAT board now comprises seven 
persons: Perry Klein K3JTE, Chuck 
Dorian W3JPT, Jan King W3GEY, and 
Bill Tynan W3KMV, who were just 
reelected to two year tern 
and Tom Clark WA3LND, Bill Dun- 
kerly, Jr, WA2INB and Larry Kayser 
VE3QB, who are in the middle of 
their terms of office. Bob Carpenter 
W30TC was later appointed Secre¬ 
tary, Gary Tater W3HUC, Assistant 
Secretary, and Roy Rosner WB4UOX, 
Treasurer, The meeting was attended 
by about seventy persons. Reports 
were given on the progress of the next 



III high orbit project - and on 
AMSAT-OSCAR 6 ar ~ 
and control activities, including 




1976 listing all 
AMSAT-OSCAR 6 and 7 orbits are 
available from Skip Reyman W6PAJ. 
PO Box 374, San Dimas, CA 91773 
for $3.00 (or 20 IRCsi postpaid. 

W2GN has completed tests oper¬ 
ating mobile in motion using SSB, via 
AMSAT-OSCAR 7 Mode B - with 
fantastic results. His signals were fully 
audible over most of the East Coast of 
the USA during the 15 minutes or so 
that the spacecraft was within his 
visibility range. These experiments 
have demonstrated the superior down¬ 
link capability of Mode B. If you 


is for the new "OSCAR" 


down I i 


signals for a change, try 
to AMSAT-OSCAR 7 Mode 


he award and of 


December 1975 is 
Newsletter. 

AMSAT-OSCAR 6 c 
third birthday on October 15th and 
AMSAT-OSCAR 7 its first birthday 
on November 15th. QSL cards are still 
available from AMSAT for reception 
reports of the special relay trans¬ 
missions from the satellites commem¬ 
orating these anniversaries. The Jet 
Propulsion Laboratories (Radio Club) 
at Pasadena. California held an 
OSCAR month from October 15th to 
November 15th, with special exhibits 
depicting the two spacecraft. 

A distance record for amateur 
satellite relay communications has 
been claimed by G3IOR and W6CG, 
for a QSO made over a ground dis¬ 
tance of nearly 6000 mites. As this 


Support The AMSAT Team That 
Brought Us OSCAR 6 and 7! 

Since November 1974, amateur 


• AMSAT-OSCAR 6. Launched 
October 15, 1972 by NASA piggy¬ 
back (with NOAA-2, which has long 
since expired), OSCAR 6 continues 


irial one-year lifetime goal. 

• AMSAT-OSCAR 7. Launched Nov¬ 
ember 15, 1974 by NASA piggy¬ 
back with NOAA4, OSCAR 7 
exceeds the capability of the first 
six OSCARS combined. 

AMSAT is now developing Phase III 


/e evening orbits. The QSO took two 


orbits. AMSAT Phase III promises to 
be a considerable step forward beyond 
OSCAR satellites launched to date, 
making possible reliable communica- 


ANiSAT membership application 






you print ev 


meetings are, upcoming hamfests, or 
whatever you can dream up. You will 
be wise to keep the number of words 
at a minimum because the slide has a 
tendency to look confused with heavy 
wordage. It also must be pointed out 
that 15 seconds may be too short for 
some trifocal wearers to wade through 
a girthy text. 

If your local CATV system has an 
MSI program, approach the manager 
and ask him if he has room on his 
slide projector. He will be more 
inclined to accept your request if you 
make the slide yourself. Just have 
some arty member make an announce¬ 
ment on a 10 inch or so square card 
and then take a slide picture of it (in 
color would be a good idea). 

Neil Serafin WB2VRZ/2 
Syracuse NY 


A LOT OF BULL 


I'm going to agree with S. Reed and 
his opinion about QST in the October 
issue. My subscription to QST is 
almost over. I am 13 years old and 
planning to get a Technician ticket in 
the near future. By reading an article 
in 73, I know a little more than I did 
yesterday. Steve's letter was most 
meaningful and I agree with it in every 
way. 

I am going to subscribe to 73 as 

I read 73 whenever I get a chance 
to. When I do, I turn right to the 
letters and read the criticism of CB 
and the CBers. It's unbelievable to find 
out how many people like CB and the 
chickens who are on it, but please 
don't think they're all bad. 

I agree that a large percentage of it 
is just a lot of bull (like channel 10 
with the truckers and other stations 
that don't care if there is someone 
modulating with another person). If 
you wish to talk and ask for a break, 
you won't get one, and, if you do, just 
try to talk when there are twelve 
other people talking, plus the mike 
keyers, garbage mouths and smokey 

If you have a ham ticket, keep it! If 
you have a CB license — that's alright 

you're wondering, my father has a CB 
license, but for me to understand 
radio I might as well make the best of 
it with my realistic Navaho TRC/30A. 
Keep printing these letters) 


f. Carlsen 




































































NATIONAL CAPITAL 
DX ASSOC. USA 
BICENTENNIAL AWARD 
The award will be issued to any 
licensed radio amateur in the world 
for contacting ten different members 
of the NCDXA using the special 
bicentennial callsigns during the 1976 
Bicentennial year. Any band or any 
mode from 1.8 to 29.7 MHz may be 
used but there will be no endorse- 


than 10 QSOs. The fee for the award 
is 504 for all US stations, but free for 
all DX. No QSLs are required; send 
log information only to: NCDXA 
Awards Manager, Raymond E. Spence 
W4QAW, 10013 Coach Road, Vienna 
VA 22180 USA. 

NCDXA MEMBERS: 

AC3AFM, AC3AFQ, AC3AZD, 
AC3BQV, AC3BWZ, AD3CHP, 
AC3COR, AC3CRE, AC3DBT, 
AC3EZT, AA3HRV, AC3KA, 
AA3KSQ, AA3MBQ, AA3NHG, 
AA3NGS, AC3NL, AC3QW, 
AC3SW, AD3EH, AC3ZNH, 
AD3ZAW, AC3ZSR, AD4CFB, 
AD4CTY. AD4DXO, AD4EBY, 
AD4EKJ, AD4GKD, AC4IDG, 
AC4KFC, AD4KQB, AD40MR, 
AC4QAW, AC4UMF, AC4WSF, 
AD4WVT, AC4WWG, AC4DPS, 
AA4HPF, AB2EXK, AC2GHK, 
AC9SZR, AC3RX. 

DELAWARE QSO PARTY 
Starts; 0001 GMT Saturday, 
December 6 

Ends; 2400 GMT Sunday, 
December 7 


& CONTESTS 
£ p AWARDS 

S; Trotru Jock^zl 2 gx 

ASSISTANT CONTEST MANAGER-PETER KENNY ZL2QK 


e ZL2GX, one of ZL's running in 
lams, will be leaving New fully turm 
air 12 December 1975 the Headr 
fe for a long awaited Gisborne), 
e United States. Jock is radio wil 


ling into five pages of copy faith- 
i turned out in a busy life (he is 
Headmaster of a large school in 
iorne). Jock has fostered ham 
d with the same tremendous 


Break-In, the NZART Official Journal 

and writing the column, "The Contest 
Manager Speaks" (in more recent 
years, "Contests & Awards from Jock 
ZL2GX, with Assistant Contest Man¬ 
ager Peter Kenny ZL2QK"). This 


and his and Beattie's hospitality to 
visiting hams has been fabulous. 

Visiting ham friends in the US will 
be an enjoyable experience for them 
both. If you meet him, he'll hit you 
like a whirlwind, strike you with his 
humanity, and leave you the better 
for knowing him. He's a big man in 


This year's Delaware QSO Party is 
sponsored by the Delaware Amateur 
Radio Club W3SL, and is open to all 
amateurs. Stations may be worked 
once per band, per mode, for point 
credit. 

EXCHANGE: 

Delaware stations give QSO number. 
RS(T), and county. All others give 
report and ARRL section, province, 
or country. 

FREQUENCIES: 

CW: 3560, 7060, 14060, 21060, 
28160 

Phone: 3975, 7275, 14325, 21425, 
28650 

VHF: 50.110,146.52 

Novices: 3710, 7120, 21120, 28160 

Phone on even hours, CW on odd 

SCORING: 

QSO times number of sections, pro¬ 
vinces, or countries. Outside Dela¬ 
ware, score 5 points per Delaware 
QSO times 1 for one county worked, 
3 for two counties worked, or 5 for all 
three counties worked (New Castle, 
Kent, Sussex). 

AWARDS: 


certificates for working all three Dela- 


Mailing deadline is January 15, 1976; 
include an SASE for results or W-DEL 

Low K3YHR, 11 Scottfield Dr., 
Newark DE 19713, 

MILWAUKEE AREA CHAPTER 
OF THE 10-X NET QSO PARTY 
Starts: 0001 GMT Saturday, 
December 6 

Ends: 2400 GMT Sunday, 
December 14 

Stations may be worked on all bands, 
once on each band. All contacts must 
be made using voice transmission. 
EXCHANGE; 

IDs, QSO number, Milwaukee Chapter 
number, 10-X number, and state. 
SCORING: 

tact, 1 extra point if on 10 meters, 1 
extra point if station is a 10-X 

in Wisconsin. Score 2 points if person 
contacting is a Milwaukee Chapter 
member. Thus, one QSO could score 6 
points total. 

AWARDS: 

Plaques to the first and second place 
winners. Certificates for the next two 
highest scorers in each state (3rd and 


must be received by WA9TSG no later 
than January 15, 1976. All logs will 

Area Chap, of the 10-X net. Send logs 
to: Joseph F. Williams WA9TSG, 114 
East Brown Street, Milwaukee Wl 
53212. 


TELEPHONE PIONEER 
QSO PARTY 

Starts: 1900 GMT Saturday, 
December 6 

Ends: 0500 GMT Sunday, 
December 7 

The Stanley S. Holmes Chapter Ham 
Pioneers invite all Telephone Pioneer 
ham radio operators to participate in 
contacting as many individual 
members in as many different chap¬ 
ters as possible. All bands may be used 
and the same station may be worked 

"CQ TELEPHONE PIONEERS" or 
"CQ TP" on CW. 

EXCHANGE: 

RS(T), number, chapter name and 
SCORING: 

One point for each completed ex¬ 
change and one point for each differ¬ 
ent chapter contacted. 

SUGGESTED FREQUENCIES I* 20 



3965, 


5, 14295, 21365, 













RST, state/foreign 
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Clocks ... 


by 

Larry Kahaner WB2NEL 
4259 Bedford Ave. 
Brooklyn NY 11229 


A clock is a device that 
emits pulses at designated 
intervals. The pulses, 
either logic 0 or 1, can be 
used to synchronize 
different parts of a circuit 
so they function or turn 
on at the same time . .. 


A ll right already: what’s a clock? That’s 
what many readers have asked, and 
this article not only answers the question 
but shows how to build one and incorporate 
it into a complete 1C experimenting unit. 
And to satisfy those who have asked for 
simple projects to show 1C logic “even if 
they don’t do much,” we have that, too. 

First, a clock is a device that emits pulses 
at designated intervals. The pulses, either 
logic 0 or 1, can be used to synchronize 
different parts of a circuit so they function 
or turn on at the same time. For instance, 
we may have five flip flops in one circuit and 
want them to activate together. By con¬ 
necting them to the same clock we are 
assured that they operate simultaneously. 

If we have a clock that pulses at one 
second intervals and it drives a seven seg¬ 
ment LED so that numbers are counted, we 
have a clock, in the everyday sense. 

555 1C Chip 

The heart of the clock is the 555 1C chip 
shown in Fig. 1. The internal circuitry is 
complex. The equivalent circuit made of 
discrete components takes over twenty tran¬ 
sistors, half a dozen resistors and a few 
diodes. It is a linear device. 

It has many uses, but the two most 
common ones are astable operation, where it 
continues to emit pulses, and monostable, or 




Fig. 1. 555 timer. 1 - ground; 2 - trigger; 3 
— output; 4 — reset; 5 — control voltage; 6 — 
threshold; 7 - discharge; 8 - Vcc. 

“one shot,” where it acts as a timer and 
pulses once at a predetermined time. 

The circuit for the one shot timer is 
shown in Fig. 2. 

Pin 2 is the trigger and a pulse under 1 /3 
Vcc will set an internal flip Hop. This flip 
flop releases the short circuit on C-| imposed 
via pin 6. This in turn drives the output (pin 
3) high. The capacitor now starts to charge 
(remember r = RC) and when it reaches 2/3 
Vcc the flip flop is reset by a comparator 
and the output goes low, as the capacitor 
discharges quickly. 2/3 Vcc is the threshold 
voltage. 

A very good feature is that once 
triggered, the clock will not relrigger until 
the elapsed time is up. Then it can be 
manually reset. However, if we do want to 
retrigger it during the timing cycle, all we 



Fig. 2. One shot timer. 


Fig. 3. Astable operation. 


22 






Really Simplified! 


have to do is pulse both pin 2 and 4 at the 
same time and the cycle will start again. 

To prevent accidental retriggering during 
a timing cycle, pin 4 should be connected to 
Vcc to insure that it cannot go low. The 
equation for timing is approximately t = 
RC]. R is given in Ohms and Ci is in farads. 
With the proper values, timing from many 
hours to hundredths of a second can be 
obtained. (For an application see ‘‘The 
Alligator Squelcher,” 73, Sept. 75.) 

The astable operation is the mode we 
have been discussing most of the time. The 
circuit is shown in Fig. 3. 

It is similar to the one shot except that 
pins 2 and 6 are connected together. That’s 
right; it triggers itself. The capacitor charges 
to 2/3 Vcc, then discharges. When it dis¬ 
charges to 1 /3 Vcc, the clock triggers via pin 
2 and another cycle commences. 1/3 Vcc is 
known as the trigger voltage. The cycle is 
dependent upon Rj, R2 and C. The fre¬ 
quency is equal to 1.4/{Rj + 2R2) C. The 
graph makes it easy (Fig. 4). 

Building the Clock 

As you can see from Fig. 3, there is not 
much to it. After I breadboarded it, I just 
took the whole thing and mounted it inside 
the same chassis as the 5 volt power supply. 



Parts layout is not critical (I always wanted 
to say that), and since the clock draws so 
little current, I leave it connected to the 
supply output all the time. 

To obtain variable speeds two choices are 
available. One is to vary the resistors, the 
other is to vary the capacitor. Because I had 
no potentiometers of the correct value, I 
decided to leave R] + 2R2 constant at 10 
megohms and use a rotary switch to select a 
1, .1, .01 or .001 uF capacitor. This gives 
speeds of .1, 1, 10 or 100 Fix. For a 
precision clock, keep adjusting until the 
proper speed is reached while checking 
against a known reliable source like an 
oscilloscope or counter. 

If an LED is connected to the output 
(you may need a dropping resistor of 150 
Ohms or so depending upon your LED), and 
the speed is slow enough, you will see that it 
stays on longer than it blinks. This is correct. 
As mentioned before, the output is high 
during the timing cycle. However, the 
change is the important thing and that 
occurs at the proper time according to the 
RC ratio. The logic state in the “between 
times” does not really matter. 

Continued 

Fig. 4. Values of R], R 2 and C versus 
frequency. 

Fig. 5. 74001C blinker. 

CLOCK I50H /0\ Nai 
- -?-vw--- 1 


no.2 ^ 


No excuses for non-IC 
experimenting will be 
valid after this article is 
digested ... 
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Fig. 6. Logic probe using NOR gates. 


The Permanent 1C Breadboard 

When experimenting with ICs, we can 
find ourselves in a wire jungle. The 
innocuous 14 pin chip can strangle us in its 
spidery tentacles. The permanent bread¬ 
board will save us. It is simple to build and 
convenient to use. No excuses for non-IC 
experimenting will be valid after this article 
is digested. 

Start with a perfboard. Allow about 4” x 
3” for each socket that you want. Since 
most ICs are 16 pins or less, I decided to 
design the system around these holders. 
Punch a hole in the board and mount the 
holder. Since the holders will be subject to 
lots of wear and tear, I spread a thin film of 
epoxy around each one to hold it fast. Then, 
on each side mount the type of solderless 
terminals you prefer. I used the spring type 
terminals. They are amazingly sturdy and 
the spring can keep a large number of wires 
very tight. Solder each terminal to its respec¬ 
tive socket lug and you are in business. 

I also mounted two LEDs to use as testers 
and logic tracers. If you plan to work with 
chips of more than 16 pins, mount them. 
Keep in mind that a 16 pin socket can also 
be used for two 8 pin chips. Mount as many 
sockets as you want. A TO holder may prove 
helpful. Feel free to customize. 

For a deluxe model, mount the power 
supply and clock in a chassis, but instead of 
a metal cover, use the breadboard. Mount 
terminals for Vcc, ground and clock output, 
and another for clock speeds, and voila! A 
self contained 1C experimenter. All you will 
ever need in one unit. 


come with "house numbers" instead of the 
usual 7400, 7402, etc. The notations keep 
track of these. 

Don't Do Much 

Readers have asked for simple schematics 
that teach logic even if they don’t do too 
much. Now that the permanent breadboard 
is built, we can get started. 

The 7400 chips are good ones to play 
with. Buy a few. Especially get the 7400 
NAND gates, 7402 NOR gates, 7408 AND 
gates and the 7432 OR gate chips. This will 
give you the four basic gates to experiment 
with. 

In Fig. 5 we have a circuit for a blinker. 
When the clock output is high the #1 LED 
lights. LED #2 sees low logic because the 
NAND gate makes its 1,1 input into a 0 
output. When the clock emits a low, LED #1 
stays off but LED #2 sees a high and lights. 
Cute, heh? 

Fig. 6 is a logic probe. It’s a long time 
favorite circuit and has been around for 
quite a while. (Dec. 74, 73 has another one.) 
It's a useful tool and does do much. You 
may want to make a permanent one, I 
include it because it’s a good example of 
logic. When the probe contacts a high, LED 
#1 lights. For a low, LED #2 lights. The 
logic is simple to trace. It is similar to the 
blinker but it will not load down the circuit 
under test because the LEDs are not "seen” 
directly. Add this to the power supply, clock 
and breadboard, and you are all set. 

Fig. 7 is a comparator. (Did you really 
think I would mention it before and not 
explain it now?) Its job is to compare two or 
more signals and if they are the same logic, 
give us a logic 1 output. Its logic is simple to 
follow. Keep in mind that it compares any 
similar signal 0 or 1. Instead of the NAND 
gates you can use the 7404 NOT gate chip. 
Try your hand at designing a comparator to 
handle more than two inputs using the 
two-input comparator as a building block. 


As your chip collection grows, a safe way 
of storage is needed. Try putting the chips in 
a soft piece of styrofoam. The pins remain 
undamaged and notations can be made on 
the styrofoam with a pen. Sometimes chips 


Fig. 7. Two input comparator. 



If you have not already done so, try 
building a few of the flip flops that you have 
seen in the last article. They will work just as 
easily as these simple ones. From personal 
experience, I have had better luck with ICs 
than tubes or transistors. They are easier to 
trace and troubleshoot and either “work or 
don't work." There is usually very little 
optimizing and fudging as in tubes or biasing 
problems that you encounter in transistor 
circuits. And it's so much fun when the 
majority of your projects need only a 5 volt 
supply. 

Please continue to write and tell us what 
you would like to see “explained.” You are 
our input. ■ 
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De -Strain 
Your Ham-M 


by 

Louis Berman K6BW 
1020 Laguna Avenue 
Burlingame CA 94010 


F or the older model Ham-M Rotator, the 
final result is superior to the switching 
system presently employed in the newer 



Fig. 1. Before modification. 


model. The objective in both instances is to 
ease the torsional strain imposed on the 
rotating shaft and antenna resulting from the 
immediate engagement of the brake when 
power is removed from the rotor in the 
original version. This is done by momen¬ 
tarily delaying the brake action. The simple 
wiring change, together with the following 
instructions, should encourage even the 
lowest beginner to make the modification. 

Modification Instructions 

1) Lift off bakelite housing by unscrew¬ 
ing the four bottom-mounting feet. Detach 
meter panel by removing the four screws 
holding it to the bottom plate. Disconnect 
the two meter leads. This frees the mounted 
bakelite component board from the meter 
panel bracket. Remove the meter. Unclip the 
two panel lamps. The control lever switch 
contacts are now fully exposed. 

2) Screw back into position the bare 
panel bracket and re-mount the bakelite 
housing in place. 

3) Drill a small hole in the bakelite panel 
1 1/8” from each end of the panel front and 
5/8” from the bottom edge. Pass the drill 
straight through each hole in a direct line 
and drill a hole in the meter panel bracket. 
Remove the bakelite housing and the metal 
bracket. 
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4) Enlarge the left hole in the metal panel 
to mount the push-button switch with the 
two contacts in a horizontal line. Enlarge the 
right hole in the metal panel to mount the 
miniature DPDT switch oriented so that the 
bat handle moves horizontally. 

5) Disconnect the ac input lead from 
contact 7 of the lever control switch. Add 
about three inches and re-route the lead so 
that it passes to the right of the 3A fuse. 
Solder this lead to the left-hand contact of 
the push-button switch. (Control lever con¬ 
tacts are numbered from 1 to 8 in a 
clockwise direction.) Solder a wire between 
the left contact of the push-button switch to 
both middle contacts of the DPDT switch. 

6) Remove the instrument transformer 
lead from contact 4 of the lever switch and 
solder it to the right-hand contact of the 
push-button switch. Leave enough lax in the 
wire to provide working space between the 
meter panel bracket and the control lever. 

7) Solder a wire between the right con¬ 
tact of the push-button switch and one of 
the “on” contacts of the DPDT switch 
(brake out position I). 

8) Disconnect the power transformer lead 
from contact 6 of the lever switch and solder 
it to the other "on” contact of the DPDT 
switch (brake out position I). The other 
primary lead of the power transformer goes 
to the 3A fuse, as shown in the diagram. 

9) Lever contacts 4, 8, 6, 7 are not used. 
Contacts 1, 2, 3 remain to actuate the rotor; 
contact 2 also completes the brake solenoid 
winding circuit. 

10) Check the wiring carefully and re¬ 
mount all parts except the bakelite housing. 



Fig. 2. A — Push-button momentary switch; B - Miniature double pole, 
double throw switch; / — Brake out; II — Brake in. 

1) Enlarge the left hole in the bakelite 
housing to admit a removable hollow shaft 
extender to fit snugly over the button of the 
push-button switch. I used an old TV hollow 
shaft slotted at the open end, with a small 
knob at the other end. 


Test Operations 

1) Push-button momentary switch lights 
lamps and monitors the compass reading. 

2) Double pole double throw switch is 
left in the "off” (brake in ll) position when 
the unit is not in use; panel lights are off and 
brake is engaged to secure the rotor. 

3) To rotate the antenna, snap the DPDT 
switch to the "on” (brake out I) position; 
panel lights are on and brake solenoid is 
actuated, releasing the brake. Moving the 
control lever to the left or right energizes the 
rotor and permits free CW or CCW rotation. 

4) Release control lever just prior to 
reaching intended compass position, per¬ 
mitting the unit to coast to a full stop. Snap 
DPDT switch to the “off” (brake in II) 
position to lock the rotor and turn off the 
panel lights. 

Housing Removal 

The following steps permit lifting the 
bakelite housing vertically (as before): 


2) Drill out a horizontal slit in the 
bakelite housing at the right-hand hole wide 
enough to admit a removable lever. I used a 
one inch length of 3/16” copper tubing, 
slightly compressed at one end to fit over 
the bat handle and flattened at the other end 
to facilitate lever movement. 

3) Impress the following labels over the 
appropriate holes on the horizontal ledge 
above the fluting: “meter-push on" and 
“brake-in out” (or “brake-out in”, which¬ 
ever the case may be). 

4) As an added refinement, mount an 
octal socket in the rear on one inch stand¬ 
offs and permanently connect the output 
leads to the pins of the octal socket. The 
cable leads are soldered to the appropriate 
pins on an octal plug for easy removal of the 
cable. 

In summary, to reverse an old adage, the 
entire modification is easier done than 
said! ■ 
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Hot Carbon 


by 

John M. Murray W1BNN 
4 Kenwood Circle 
Bloomfield CT 06002 


There sitting on the 
curbstone was the most 
beautiful telephone 
microphone I'd ever seen. 
Soon it was under my 
coat, as I rapidly pedaled 
away .., 


D uring World War II our military had an 
expression that was widely used: "to 
liberate” meant to help yourself, particularly 
if the stuff was enemy property. All too 
often, if not most of the time, anything 
attractive that belonged to someone else, 
enemy or not, was subject to liberation if 
the owner was not around or happened to be 
looking the other way. 

I started rather young, long before the 
war. Someone said there’s a bit of larceny in 
all of us. Probably W. C. Fields. Anyhow, I 
was coming home from school one 
afternoon on my bicycle when I saw a great 
cloud of dust rise up near our apartment 
building in Washington, D. C. Wreckers had 
just leveled an old house, which had come 
crashing down. 

There sitting on the curbstone was the 
most beautiful telephone microphone I’d 
ever seen. It was one of the old vertical jobs 
with the U-hook for the receiver earpiece. A 
lovely bright green cord was coiled up and 


hung over the mouthpiece. What in the 
world was it doing there, I wondered. 

This was no occasion to elaborately 
reason out that the workmen might have 
left it for the telephone company to pick up. 
It was much easier to assume they would 
soon fling it in their dump trucks, which 
were rapidly piling high with trash. Such 
waste would be awful. 

I look a furtive look in all directions. 
Suddenly the beautiful microphone was no 
longer on the curbstone. It was under my 
coat, as I rapidly pedaled away. 

Thus, that mike with the bright green 
cord began its journey into history. 

A couple of years passed. My father’s 
engineering career involved our moving 
several times. But wherever wc went, that 
mike sat on the table near my radio 
apparatus, where I could look at it and 
admire it. Soon I had my ham ticket and 
found myself president of the Phillips 
Academy, Andover, Radio Club — NU1SW. 



Fig. 1. 1927 Hartley circuit DX machine at NU1SW. For anyone who wishes to build this 
magnificent transmitter, we will be pleased to forward a list of component values and 
recommended hardware. Simply send us $5.00 and a copy of the New York Times for Sunday, 
April 1, 1956. You will receive the information in a plain wrapper. 




(We had no official international prefixes in 
those days. We all had accepted an ARRL 
system: N signified North America and U, 
the United States.) 

Naturally, my beautiful mike sat proudly 
but silently next to the CW transmitter. 
NUISW’s 204-A, in a self-excited Hartley 
circuit, had become a big deal on the 40 
meter band, with about 30 countries to our 
credit by mid-winter, 1927. But this was all 
night-time stuff, mostly to be had in the wee 
hours of the morning. With 1,500 volts RAC 
on the plate at 190 mills, we were putting 
out enough rf in the antenna to draw a one 
half inch spark off the feeder wire with a 
lead pencil. That was a dandy way of 
checking the output in those days. 

Well, snow was falling one Saturday 
afternoon, and a howling New England gale 
was slapping our antenna halyards against 
the 60-foot poles. The ham shack was nice 
and warm, with a banked wood fire in the 
iron stove. Everything was fine, but the 40 
meter band was dead - just about 
completely, except for WIZ, which was on 
Cape Cod, I believe, a commercial CW outfit 
at the edge of our band. WIZ would send a 
trilogy of Vs, sign his call — and then repeat 
ad nauseam. This was too much! 

Why not try 20 meters, which was getting 
very popular? We had never operated there 
before - or even listened on that band. My 
friend Gerald Marcuse EG2NM (E for 
Europe, G for Great Britain) had been 
broadcasting with voice to Australia and 
New Zealand around 32 meters for several 
years - with grand success. 

It didn't take long to halve the 40 meter 
inductance for the rig and to change coils in 
our General Radio wavemeter. The 
capacitance of the tank coil condenser 
(variable capacitor to you young laddies) 
was fortunately okay to resonate the 
oscillator coil on 20, so that the wavemeter 
indicator bulb lit up like a stockbroker’s 
eyes when he smells money. 

The wavelength readout, as you guys 
might call it, was 20.9, or 14.354 MCS - 
Quite legitimate in those days. Antenna? It 
was much too cold to go outside and fiddle 
around. I had that one figured out, too. 
Hopefully. With indoor space limited to just 
about 16 feet in any direction, I soon had a 
copper wire strung up at about that length 
and coupled with a 250 uF condenser to a 
four turn coil adjacent to the plate side of 
the oscillator tank. Oh, boy! The 
contraption loaded up just fine. Backing off 
a bit with the antenna coil, the plate mills 
were steady at about 190, with the 204-A 
running as cool as a cucumber with the key 
down. Probably 125 Watts output. This was 
it — maybe! 



Our Phillips Academy Radio Club in 1925. Only four years earlier the first 
amateur radio signals had bridged the Atlantic and then spread out over the 
globe. Between 1925 and 1929, !SW, first with no prefix, then with U, later 
with NU and finally with W, was known from New Zealand to Tokyo, from 
London to Capetown. The school faculty, including our " advisor ," who never 
put foot in the shack to my knowledge, had us cased as a bunch of scientific 
freaks. It’s good to know that the W1SW boys have been doing nicely in 
recent years, with a more enlightened group of schoolmarms hovering in the 
background. 


Tuning over the band at 2:25 pm, I heard 
no signals. So I hit the key with a CQ, slow 
and steady — which was top style to snag 
DX. Then, flipping over to receive, there was 
only the gentle hiss of radio silence — until 
suddenly, as I moved the dial across the 
band, a very strong signal popped up, calling 
us. Probably a local, we thought, until he 
banged out his call: EG2AO. The call book 
gave his location as Eastbourne, on the 
channel coast of England, in Sussex. And 
daylight nearly all the way across! "Good 
afternoon, old man,” he CWd at me. "Your 
signal's fine business. Very steady RAC, 
almost PDC.” 

After I gave him his report, he continued, 
“Say, old man (I was 16 years old), your 
signal’s the best yank ever heard here, nearly 
as strong as WIK (a 10 kilowatt commercial 
station on 20.2 meters).” We had a 
delightful QSO, winding up by his saying, 
“Am now reading you on the loudspeaker. 
Wonderful!” 



My little liberated 
microphone was making 
history, at least for us ... 


As we signed off, I found myself staring 
at my beautiful microphone with the bright 
green cord. Why not? Why not try some 
voice on these guys? 

Having no modulator of any sort, the 
only answer was to make up a crude version 
of FM known as loop modulation. In short 
order I’d rigged the mike inductively to the 
wavemcter, which I placed near the grid end 
of the tank coil. But not too near. There was 
lots of rf floating around. 

A tentative "hello test" into the mike 
made the wavemeter bulb flutter in sync and 
the plate milliammeter wiggle a few mills 
upward. It was a durn good thing there were 
no television sets around. 

Now to find a guinea pig for my 
experiment. A CQ DX on CW brought quick 
response from EB4BC in Antwerp, Belgium, 
who reported us loud and clear. “Sure, go 
ahead with fone," he replied, when I told 
him of my wild modulation device. So I let 
him have it at some length, watching the 
little wavemeter bulb twinkling with my 
words. 

Then I switched back to him. “You talk 
too fast, old man. Don’t understand English 
well. Please say a few words in French.” 
Fortunately I was able to comply, which 
brought forth an excited “fine business," 


with many CW exclamation points. 

For some time I continued with him, 
watching the snow coming down in great 
sheets outside. This fone business was really 
fascinating - one could say so much more in 
a given amount of time. Also, my little 
liberated microphone was making history, at 
least for us. 

Several other club members had joined 
me by now. We were all amazed at our 
success and anxious to get some really big 
DX on voice. The Belgian station was about 
3,400 miles away. What about Africa — or 
even Australia? So we sent out a CQ DX on 
voice, repeating several times. “Calling 
Africa or Australia," I sang into the mike. It 
was a superb bit of optimism that had us all 
but breaking up. 

And then, suddenly, there was F0-A3Z in 
Capetown, South Africa, calling us. He was 
on CW with a good strong signal. We’d 
worked him before on 40 meters. He was 
about 7,800 miles away. Real DX. 

‘‘Your voice loud and clear in 
Capetown,” he said. “Congratulations. First 
American amateur voice signal ever heard 
here! Glad to work you again.” 

We thanked him, giving his report — and 
explained what the modulator lash-up was. 
About then I noticed a thin wisp of blue 



Apparently 
NU1SW, The Phillips 
Academy Radio Club, was 
hot news back in April, 1927. 

Paramount Newsreel took this shot 
of John Murray (at the famous purloined 
microphone) for showing in movie theatres 
nationally. To the right is a General Radio wave¬ 
meter. To the left is our low power transmitter, an 852 self-excited Meissner job. The 
cameraman insisted on hanging that crazy, obsolete switch and huge old RCA helix coil on the 
wall for "artistic effect." The double deck receiver lash-up has a honey coil job on top, which 
REL (Radio Engineering Laboratories) built especially for us, designed and donated by the late 
fabulous Henry B. joy (W)8iA, 8IO, IAHM, KFKW, at that time president of the Packard 
Motor Car Company. Beneath it is an Aero regenerative receiver, both units battery operated, 
of course, since there were no ac powered sets in general use at that time. 
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smoke rising up from the microphone. 
Hurriedly we turned it back to him. 

He reported everything fine up to the tail 
end of our transmission. ‘‘Bad distortion 
then set in,” he said, "and your transmitting 
frequency really jumping around.” 

When I turned on once more to reply, 
blue smoke gushed from the mike. If this 
continued, the carbon grains would solidify 
in a ball. Quickly shutting off things, I 
moved the wavemeter a bit further away and 
detuned it slightly. Then, holding the mike 
by its shaft, I banged the daylights out of it 
on the bench. 

“You’re out of your mind," one of the 
boys said. ‘‘You’re going to bust that thing.” 

So, I gave it a couple more whacks to 
show I knew what I was doing, then 
switched on the transmitter. ‘‘Calling 
F0-A3Z," I said. ‘‘Are you still there?” 

“Lovely,” he came back in his CW, “just 
lovely. But your voice much weaker now.” 

Then, all of a sudden, I felt as if someone 
had slammed me in the back of the head 
with a wet doormat. I began to ache all over 
and broke out in a cold sweat. Our 2nd op, 
Bob Schirmer, signed off fast with the South 
African. “You’d better get down to the 
infirmary right away,” he said. “You’re red 
as a beet." 

It wasn’t easy. However, he managed to 
help me walk the half mile and turned me 
over to the head nurse, Mrs. McKiver. She 
took one look and had me guided to a first 
floor bed. I never could have navigated the 
stairs and was by now, they reported later, 
not making any sense. My temperature was 
105.4°. Emergency word got the school 
doctor on hand in jig time. He couldn’t find 
anything wrong except my high 
temperature. Fortunately, it was not 
increasing. 

Dr. Page was not noted for his sense of 
humor. A serious-minded little guy, he had 
three pet phobias: With no urging at all, he 
was ready at any given moment to preach on 
the vicious evils of tobacco, alcohol and 
coffee. Mrs. McKiver told me later that my 
greeting, when he showed up at my bedside, 
was hardly liable to put him in a good mood. 

“Hello, sweetheart,” I said. "You got a 
cigar on you?” 

He surveyed me coldly for a moment, 
then raised an eyebrow. “You been 
drinking?” 

“Sure, Doc, that's right. Maybe I need a 
cup of black coffee. No sugar, please.” 

He seemed to catch on, turning to Mrs. 
McKiver. “This boy’s delirious. I’ve got to 
find out what he’s been up to." He sat down 
on the edge of the bed, grasped my wrist and 
took out his watch. “What have you been 
doing today, young man?" 


"Just some radio experiments you 
wouldn’t understand — and floating out over 
the South Atlantic Ocean on a dreamy 
cloud, sweetheart, and going like hell - 
about 186,000 miles an hour.” 

Dr. Page looked at Mrs. McKiver. "Cool 
compresses on his forehead, please. I’ll be 
back later.” Then he prescribed a mild 
sedative. 

In almost no time I was off in a fevered 
sleep which lasted for several hours. When I 
opened my eyes he was back again, shaking a 
thermometer. I was now just about normal 
- but with a jagged headache. 

While I was floating around on my cloud, 
he’d been doing some hasty consulting with 
two other local doctors and had even called 
the Peter Bent Brigham Hospital in Boston. 
“Your trouble has something to do with 
radio currents,” he said. "Somehow your 
system has absorbed a dangerous dose of 
these radio frequencies — giving you an 
artificial temperature which could have 
killed you if you’d gotten much more of it." 

Then I explained the tests we’d made and 
the smoking microphone. His careful 
questioning brought out that my hand had 
been on portions of the unshielded 
microphone cord and also had held the 
shank of the telephone for an unduly long 
time. I’d just been overly exposed to a force 
I really didn’t know anything about. 

"I believe," he continued, “if you were 
about to come down with any of a number 
of different illnesses, you have killed the 
bugs, luckily not yourself to boot. A rise in 
temperature is nature’s way of combatting 
unnatural intrusions and infections. In your 
case, there was only one bug involved, a 
radio bug — you. You’d better be more 
careful.” 

His advice was well taken. Dr. Page was a 
lot more thorough than I had imagined. It 
was not until several years later that the 
medical profession was experimenting with 
artificially induced radio frequency fevers to 
help in alleviating certain infections, notably 
pneumonia. A New York doctor told me 
that a government hospital had achieved 
significant results in this respect. 
Furthermore, it had been determined that 
there was a definite cut-off point beyond 
which the human system could not take 
these artificial fevers, somewhere in the 
neighborhood of 106°. Just a few more 
QSOs that afternoon would have cooked my 
goose, somewhat the same way that the 
microphone with the beautiful green cord 
got cooked. 

So-o-o ... the next time you see a 
telephone with a beautiful green cord sitting 
on the curbstone, I suggest you leave it 
there. ■ 


All of a sudden, I felt as if 
someone had slammed me 
in the back of the head 
with a wet doormat... 


J ust a few more QSOs that 
afternoon would have 
cooked my goose, 
somewhat the same way 
that the microphone with 
the beautiful green cord 
got cooked ... 









































The unit is a pleasure to 
use and also functions 
as a conversation piece, 
for every time it has 
been used, someone 
wants to know how I 
learned to let my 
fingers walk so fast 
through a touchtone 
pad ... 



Fig. 1. Code access board schematic. D1-D7: 1N914;Q1: 2N3904 or equivalent. Note: Increase 
R2 for slower dial rate. 


W ith many autopatch facilities being 
added to repeaters around the 
country, it is becoming easier to keep in 
touch from an automobile with friends, 
family or various public services. Expensive 
mobile phone or RCC services are no longer 
needed for casual conversations. Many 
amateurs are adding touchtone encoders to 
their rigs, either in the form of a single box 
which plugs in to the mike jack on the radio 
or more elaborate wired-in units which are 
permanently mounted to the dashboard. 
Making an autopatch is then easy — one only 


has to push one or several digits to access the 

dial tone, then dial a number. However, 
safeguards on many repeaters dictate that an 
access code be dialed within a certain time 
limit, and then the complete seven digit 
telephone number be dialed within another 
short time limit. If these times are not 
followed, the repeater controls will 
disconnect the circuit to avoid tying up a 
phone line. 

To follow these prescribed limits while 
moving in heavy traffic is unwise. Many 
accidents or near misses have occurred when 



Fig. 2. Number counter board schematic. D101-D110: 1N914; QiOl: 2N3904 or equivalent. 
Note: Increase R102 for slower dial rate. 













amateurs have tried to dial while in motion. 
In this area, a four digit access code must be 
dialed within 3 seconds and the complete 7 
digit telephone number within 7 seconds. 
With these facts in mind, the pressure to get 
the sequence correct dictates that full 
attention be paid to the push-button 
switches and not to the road. Not wanting to 
pull over to the side in heavy rush hour 
traffic or on bumpy under-construction 
interstate highways in this area, I have 
invariably dialed a wrong number or had 
several near misses in the short time my 
attention was diverted. 

I decided there must be an easier and 
safer way. It was relatively mundane to push 


one button without looking rather than 
concentrating on pushing several in proper 
sequence. After investigating the possibilities 
of surplus card dialers (there aren’t any) and 
the feasibility of tape recorded touchtones 
(it’s too hard to find the number), I decided 
to put my dubious education to work. 

Obviously, some sort of ripple-through 
counter was needed for the repeater access 
code and number to be dialed. Some way of 
programming any required number was 
desired, along with an appropriate touchtone 
encoder to interface with the logic and 
transmitter. The repeaters in this area (there 
are five with autopatch) had several 
requirements, both technical and 



Fig. 3. Encoder board schematic. D201-D202: 1N914; Q201-Q202: 2N3904, MPS-A 17, etc.; 
0203-0204: MPS-A 14. S9100, etc. (Darlington); C202, C204: 10 volt tantalum; C201, C203: 
50 volt disc; R206: % Watt (CTS X201R253B or equiv.). 









administrative: Deviation should be within 
certain limits (4-5 kHz); no clipping is 
allowed; the four digit access code must be 
dialed within 3 seconds, and the complete 
number within 7 seconds. The administrative 
procedures dictated that you: (1) Announce 
your call and intention to make an 
autopatch; (2) Let the repeater tail drop to 
reset the age; (3) Key in the access code and 
let the transmitter drop for dial tone; and 
(4) Dial the number. To hang up, any button 
on the touchtone pad is depressed. Thus, 
one button to dial the entire 4 digit access 
code and one button to dial the seven digit 
number would be needed. Also, a switched 
ground on the push-to-talk line would be 
desirable to key the transmitter 
automatically. For proper impedance 
matching, the microphone circuits should 
disconnect and the encoder tones be fed to 
the audio input on the transmitter, instead 
of placing both in parallel. Since it would be 
desirable at times to have a manual entry, a 
12 button keyboard should be included. The 
memory device could be ROMs, PROMs or 
such, but an easy interface was found to be 
thumbwheel switches, both for simplicity 
and to keep the project from getting away 
from me. 


Fig. 4. Power supply and switching arrangement for 2 radios. D301: JN914; 
Kl: 4PDT 12 V Magnecraft W77CSX-2. 





Fig. 5. Panel wiring. D1-D2: 1N914. 


I finally devised the circuits of Figs. 1, 2, 
3, 4 and 5. This gives both the capacity of 
letting the circuit dial the described number 
or enabling it to be done manually. 
Operating it is quite simple and takes about 
2 to 3 seconds. The procedure is as follows: 
While stopped at a light or doing 
one-at-a-time as my attention to driving 
permits, I set up the telephone number on 
the thumbwheel switches as I want it. I then 
key the microphone and announce I am 
going to make an autopatch. After the 
repeater tail drops, I push the “access code” 
button. Immediately, the transmitter keys 
and the 4 digit access tones are transmitted. 
The transmitter goes off and I hear a dial 
tone. Then I push the "Number Dial” 
button and the same process takes place. 
The telephone line starts to ring as the 
transmitter unkeys. After the conversation, I 
manually depress the hang up number on the 
keyboard and clear the repeater. So far, the 
only time-consuming procedures have been 
the explanations to other hams who call me 
after the patch to find out how I can dial a 
number that fast. 

The circuit is essentially two counters 
with separate enable switches. The first is 
comprised of U1 through U5 and is for the 4 
digit access code. If your repeater has just 
one access digit, this circuit is not needed 
and you may just as easily use the keyboard. 
But if 2, 3 or 4 digits are needed for access, 
the K, L, M and N outputs of the code 
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Two interna / views. 


access board may be easily programmed to 
accomplish this. 

The second counter is similar, but counts 
higher for a 7 digit phone number and runs 
faster than the access code counter. Seven 
output pulses are fed to the seven 
thumbwheel switches, which “choose” an 
input on the tone encoder board. To the 
appropriate inputs are also connected the K, 
L, M and N outputs from the code access 
board. 

To generate the access code, switch SI is 
momentarily depressed. This keys the 
transmitter by grounding pins 3, 4 and 5 of 
U5, thus driving Q1 into saturation and 
grounding the internal push-to-talk line. 
Since the A1 pin of U1 is now low, output 
pulses appear at pin 1 and are fed to U2, 
which begins to count to 10. After 2 pulses 
from U1, pin 12 of U5 goes high and is 
inverted to a logical zero, holding U2 and U1 
on so that SI can be released. U2 provides a 
binary count from 0 to 9 and the A, B, C 
and D outputs are applied to inverters U4 
and U5. These gates are wired in such a way 
as to provide a sequenced output of K, L, M 
and N with a space in between (see Table 1). 
After U2 counts to 9, it goes back to 0, 
which is the reset condition; pin 12 of U5 
goes low and its inverter goes high, disabling 
U1 and holding U2 in the reset condition. As 
U1 and 1)2 are reset, the push-to-talk line is 
unkeyed and K1 returns to its unenergized 


Fig. 6. Circuit board interconnection diagram. 
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Desired U2 Outputs U3 Outputs _ Reset Line U4 and U5 Outputs 

Count (U1) Condition D-| Ct B, At Dt C, B, A, R 0 ' and A, K L M N 

0 RESET 0000 1111 1 1111 

1 PTT KEYED 0001 1110 1 1111 

2 K 0010 1101 0 0111 

3 K 0011 1100 0 0111 

4 SPACE 0100 1011 0 1111 

5 L 0101 1010 0 1011 

6 SPACE 0110 1001 0 1111 

7 M 0111 1000 0 1101 

8 SPACE 1000 0111 0 1111 

9 N 1001 0110 0 1110 

Table 1. Truth table, access code circuit. When SI makes Rq' and At low, ill provides pulses to 
U2. At each pulse, U2 counts from 0 to 9 in binary form. The enable switch SI is held for 2 
counts. When the reset line goes low, SI may be released. At the 9th count, U2 returns to 0, 
which is the reset condition. If SI has been released, Rq' and A / go high, resetting U2 to 0 and 
disabling U1. As the sequence progresses, the K, L, M and N outputs go to logical 0s In turn. 


It should be noted that either of the 2 
enable switches, when depressed, will cause 
the transmitter to key and tones to be sent. 
If either of their respective clocks is running 
very fast, some means of monitoring the 
tones should be present. Too fast a clock 
rate will result in 2 or more sequences or 
“bursts" of tone to be sent as the enable 
switch is depressed and then not released 
fast enough. LED indicators are convenient 
(more about these later) but a small, 
pre-assembled $2.95 Radio Shack 100 mW 
amplifier was used in the prototype, with a 
small speaker. Muted tones are heard as the 
unit sequences. This is also handy in 
checking the overall operation every time it 
is used. Instead of using a volume control, 2 
resistors were chosen to take the place of the 
suggested pot and wired in place to the foil 
side of the amplifier. 

The tone and encoder circuitry consists 
of seven AND gates in 3 DIP packages, 
which drive the appropriate inputs on a 
fourth chip, U204. Fig. 3 shows the wiring. 
The K, L, M and N outputs of the access 
code board are wired (in that order) to the 
required numbers on the encoder board. 
Two or more access code boards may be 
paralleled for up to as many different access 
codes required. If your system uses 1, 2 or 3 
digits for access, any one, two or three of 
these access code board outputs may be hard 
wired onto the proper pin of the tone and 
encoder board connector in parallel with the 
thumbwheel switch outputs. The transmitter 
in this case will stay on for the full count of 
four. Likewise, the 10 outputs from the 
thumbwheel switches are connected to their 
respective numbers, 1-10. 

When one of the encoder board inputs 
goes low (i.e., is grounded), the outputs of 
the gates involved go low also, driving the 
proper frequency pins of U204. U204 is 
coupled through two 10k resistors to a 
buffer amplifier to provide approximately a 
0.9 V P-P max output. This output may be 


varied by an audio level control for deviation 
adjustment. The circuit as shown has a 600 
Ohm impedance. For transmitters with a 
high impedance mike input, a resistor of 
between 50k and 220k should be placed in 
series with the 5 uF output capacitor. 

The tones generated are derived from a 
matrix. Rather than referring to the tone 
frequencies, the column headings have been 
designated a, b, c and the rows w, x, y and z 
(see Table 3). U204 was expressly designed 
for touchtone format and the circuit board 
layout is for this particular chip. It is a new 
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Close-up of Waldom connector plug discussed in text. 


device by Motorola and is designated 
MCI4410. A Microsystems International 
ME8913 touchtone generator 1C was tried at 
first without much success, due to the rf 
from the transmitter. If you have experience 
dealing with this and have some on hand, a 
board layout is available from the author. 

The Motorola chip is a CMOS, digitally 
compatible, free from rf interference, 16 pin 
DIP, requiring no special board layouts or 
bypassing. It requires only one extra part for 
operation — a 1 MHz crystal cut for 13 pF 
parallel mode. 1 Full 2 out of 7 or 2 out of 8 



TERMINAL AS SHOWN 

Fig. 9. Thumbwheel switch detail (side view showing method of wiring). 


decoding is provided on-chip from the 
internal 1.0 MHz oscillator. With the 0.1% 
crystal specified, output frequency accuracy 
is ±0.2%, well within Bell System 
specifications. Voltage requirements are 
digitally compatible (+5 volts) and, for our 
application, the chip features a fast turn on 
and turn off time, as well as stable operation 
over wide temperature ranges (-40° to 
+85°C) for mobile use. 

Due to the newness of this chip, some 
difficulty in obtaining one may be 
experienced. However, Motorola markets 
worldwide, and the MC14410 will be 
available from commercial vendors, and later 
even as surplus, at reasonable rates. The 
approximate price will be in the $10 to $15 
range in single lots. This 1C will not need 
bypassing or ferrite beads around the 
frequency pins as is required on the 
Microsystems chip. 

The keyboard in the prototype is an 
EFS-21289 Chromerics 2 . Other Chromerics 
keyboards may be used if desired, but since 
the "feel factor" is miserable, a GTE 
Automatic Electric PK10 or PK11 keyboard, 
which is identical to the Western Electric 
pads, will be used on my next model. Any 
keyboard may be used, as long as it is wired 
to produce a valid tone. The 2 out of 7 
contact arrangements in the keyboards used 
above are connected directly to the gate 
outputs or the frequency determining pins 
of U204. Any other type may easily be used. 
If one set of contacts closes at a time, for 
each number, an SPST arrangement is 
suitable with one side of all the switches 
grounded and the other side wired to each 
input. 

An old, non-working WE or GTE pad 
may also be used if the oscillators have 
sustained damage. The switching 
arrangement is similar to the Chromerics 
one, in that two out of seven contacts close 
at one time. Damaged pads may be easily 
and inexpensively obtained at hamfests. 

The power supply consists of a 4 mH 
indicator and capacitor to filter out 
alternator whine and other trash from the 
vehicle battery line, and two Fairchild 7805, 
LM340K or other 5 volt regulators capable 
of handling a total of 220 mA. These two 
regulated outputs, A and B, are wired to 


1 Crystals made especially for this Motorola chip 
may be obtained from Manann Labs, 426 Main 
Street, Belton MO 64012 (816-331-6931), for 
S4.50 each in single quantities, or $2.20 each in 
lots of 6 and up. Order number ML18P, or ML18W 
(for wire leads). 

2 Chromerics, Inc., 77 Grand Dragon Court, 
Woburn MA01801. 
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Decimal Outputs of U104 and U105 




Condition 


U102 Outputs U103 Outputs 

D2 Cj B2 A2 D2 C2 B2 


Reset Line f— 
Rq and Ai 0 


RESET 0 0 

PTT KEYED 0 0 

PTT KEYED 0 0 

1st DIGIT 0 0 

SPACE 0 1 

2nd DIGIT 0 1 

SPACE 0 1 

3rd DIGIT 0 1 

SPACE 1 0 

4th DIGIT 1 0 

SPACE 1 0 

5th DIGIT 1 0 

SPACE 1 1 

6th DIGIT 1 1 

SPACE 1 1 

7th DIGIT 1 1 



10 110 
11 110 
0 0 10 1 
0 1 10 1 
10 10 0 
11 10 0 
0 0 0 1 1 
0 1 0 11 
10 0 10 
11 0 10 
0 0 0 0 1 
0 1 0 0 1 
1 0 0 0 0 
11 0 0 0 


0 

0 

0 

0 

0 

0 

0 



0 


0* 1 
1 0 


0* 1 
1 0 


0* 


Table 2. Truth table, number counter board. An asterisk (*) indicates outputs used; others are not wired. 


each board as indicated in Fig. 6. Two are 
used because 1 regulator with a small heat 
sink ran too hot to touch. The power supply 
board also contains relay K1, which provides 
switching for the audio circuits to two radios 
and a switched ground for the PTT lines. 

The manual keying circuit for use with 
the keyboard is shown in Fig. 3. Each pin of 
the keyboard is connected, as per Fig. 8, 
directly to U204. The COR circuit is driven 
by pin 7 of U204. Negative going (logic 0) 
pulses occur when any tone is being 
generated, and are sensed by Q203, which is 
usually biased on by the normally high 
output of pin 7. As the logic 0 pulses reach 
Q203, it turns off and the base of Q204 then 
rises to the voltage determined by R210, 
D201 and R211. Q204 then turns on, 
thereby providing a switched ground for the 
internal PTT line. When the tone stops, if 
the delay switch is closed, capacitor C204 
discharges through R211 into the base of 
Q204 to provide an approximate one second 
delay. 

The prototype unit was mounted in a 
custom made plastic box. The plastic was 
bent with a strip heater to conform to a 
space in my automobile. The corners were 
sanded and buffed to present a smooth 
molded appearance. Grey smoked plastic 
was used in the prototype because it was 
intended to backlight the panel (through 
Scotchcal plastic photographic material) to 
indicate the functions. However, space inside 
the housing precluded the use of bulbs in the 
required areas, so photosensitive Scotchcal 
aluminum panel material was used instead. 
Any suitable enclosure will be sufficient as 
long as there is adequate front panel space 
for the brand of thumbwheel switches used 
and the keyboard. 
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3RD COUNT 
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6TH COUNT 
7TH COUNT 
+5V(0) 


Fig. 11. Bottom view, number counter PC board (full size). 
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The thumbwheel switch bank consists of 
7 thumbwheel switches designed to provide 
a decimal output rather than BCD. Any 10 
position (or 12 position to include the #and 
*) rotary switches can be used instead, if 
they are available. Thumbwheels provide a 
better appearance and the use of a spacer 
between the 3rd and 4th digits will provide 
better readability of the full telephone 
number. The individual numbers 1-10 on 
each switch are all jumpered together and 
are wired to inputs 1-10 on the tone and 
encoder board. Each common terminal of 
the switches goes to the outputs of the 
number board: the 1st switch connected to 
the 1st count, the second to the 2nd count, 




etc. On most switches, a separate 
uncommitted terminal is available. These are 
all connected together and a* 10k resistor 
(R106-R112) attached from this common 
bus to the common terminal of each switch. 
The common bus line is then connected to 
the +5 volt "A" source (see Fig. 9). 

The four boards are plugged into mating 
board edge connectors mounted inside the 
cabinet. All wiring is kept as short as 
possible to maintain neatness, but lead 
length is not critical. If it is desired, the 
connectors may be omitted and the boards 
wired together at the connector foil, making 
sure that both sides are soldered. A Waldom 
connector containing 12 pins in a rectangu¬ 
lar configuration was used on my enclosure 
to interface with two radios through a 
wired-in mating harness. Although the sche¬ 
matics (Figs. 4 and 6) show my hookup, the 
builder may want to use his own method of 
microphone and PTT interfacing to his own 
particular rig. One popular way is to place a 
microphone connector on the enclosure and 
plug the mike into it, then make a harness 
with a suitable plug to attach to the radio 
mike input. The power supply board con¬ 
taining the audio switching may then be 
omitted and the 4 mFI choke (L301) 
mounted to the cabinet. The internal push- 
to-talk line from each board may be used to 
key the transmitter and the microphone 
wired in parallel with the encoder audio. 

After constructing each board, it would 
be wise to check the operation before 
continuing on. The code access and number 
counter boards are simply hooked to +5 
volts and the enable line grounded 
momentarily. Increased current pulses will 
be seen on power supplies equipped with 
milliammeters. The outputs K, L, M and N 
on the code board and TW1 through TW7 on 
the number counter board should pulse in 
sequence on every other clock pulse. A good 
indicator is an LED tied between each 
output and +5 volts, with a 220 Ohm 
resistor in series with each. They should 
flash in the proper sequence. The speed is 
adjusted by the pot on each board. 
Difficulties in performance will be traced to 
open runs or poor solder joints. Make sure 
both sides of each board are soldered. The 
connector pins on each board should be 
jumpered through the board for added 
reliability. It was found that the PC board 
connectors had to be gold plated as the tin 
plate aged and made poor contact with the 
edge connector. 

The tone and encoder board may be 
checked by hooking a small audio amplifier 
to the audio output, +5 volts and ground to 
the proper terminals, and grounding each 
input in turn. The tones should be fully 
adjustable with the level set adjustment. If 



difficulty is experienced, short one each of 
the a, b, c and w, x, y, i pins of U204 to 
ground to insure that the chip is operating. 
Then work backward to each gate, placing a 
ground on the input and checking that the 
output goes low. 

If all seems to be working, wire the 
printed circuit card connectors together 
following the overall schematic in Fig. 6. In 
this case, wire wrap is very helpful if you 
have the capability. However, use of small 
#22 or #24 wires will aid in ease of wiring. 
# 20 or # 22 should be used in the external 
cable for better handling. The edge 
connectors can be a cinch 50-10-A-20, 2 
cinch 50-12-A-20 and a 50-18-A-20 or their 
equivalents. 

Again it is better to check the progress as 
you go along rather than find you made a 
wiring error later. Do the power supply 
connector first, wiring all internal 
connections and the external cable harness. 
Then wire the tone and encoder board 
connector to the power supply. Check 
operation at this point by applying +12 volts 
to the external input plug and generating a 
tone to see if relay K1 closes. Grounding the 
wire from the “delay" pin on the encoder 
board will cause the relay to release 
approximately 1 second after the tone stops. 
If all seems normal, proceed with the code 
and number counter boards. Grounding 
either enable input on these should generate 
the proper tones. The K, L, M and N outputs 
should be wired (in that sequence) to the 
tone board inputs corresponding to your 
repeater access code. If you only use 2 or 3 
tones for access, use the first 2 or 3 letters of 
the sequence, because the K output stays on 
twice as long as the others (e.g., two clock 
pulses). 

Next, wire the front panel controls. If the 
Chromerics pad is used, it should be 
mounted very carefully, making sure there is 
an easy fit between the 4 plastic shoulders. 
Warping this pad in the installation may 
make one or more contacts close, thereby 
keying the push-to-talk continuously. 

If you elect to use an LED indicator over 
each thumbwheel switch so the scan 
sequence can be seen, wire these in next. 
The prototype had this feature but on later 
versions they were omitted for being 
redundant. Operation is heard with the 
internal audio amplifier, and the push-to-talk 
line indicator LED shows the sequence just 
as well. If they are used, attach a 270 Ohm 
resistor to each LED. The other end of the 
resistor goes to the 5 volt bus line on the 
switches and the anode of the LED connects 
to the common terminal on each switch (sec 
Fig. 9). 

Check for shorts in the wiring and then 



Fig. 14. Top view, code counter PC board (full size). 
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Fig. 15. Bottom view, code counter PC board (full size). 
apply 12 volts, and check the overall 
operation. With the delay switch off, push 
each number on the keyboard and insure 
that the PTT LED lights and the relay closes. 

With the delay switch on, a delay of 
approximately one second will exist before 
the relay opens. Push the access code 
push-button (SI). The PTT LED should 
light, and if any of the numbers in the code 
correspond to what is in the thumbwheel 
switch bank, those LEDs above their 
respective switches should light. When the 
PTT light goes out, sequence the Number 
button. Again, each LED above the 
thumbwheel switches as well as the PTT 
LED should light, the former in sequence 
from left to right and the latter as long as 
the cycle is going. If all seems well, wire it 
into the transceiver. Do not close the box 
yet. 

To set it up, have a friend listen to your 
audio and set the level adjust on the lone 
and encoder board to what he hears as just 
slightly lower than your voice. (Individual 
repeaters have different requirements but 
this should be a good way to “ballpark” set 


+ 5A 
GROUND 
ENABLE (TO SI) 
N OUTPUT 
M OUTPUT 
L OUTPUT 
K OUTPUT 
INTERNAL PTT 
J NOT USED 
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Fig. 16. Power supply PC board (full size). 



with all electronic switching, a speed of 40 
ms on and 40 ms off is as fast as you can 
dial. Some older non-electronic exchanges 
won’t go that fast. The best way is to 
experiment, leaving the dial rate adjusted 
just slightly slower than the fastest speed 


If you have trouble at 

tone or getting the numbei 
your transmitter is on free 
deviation is properly set, as 
(if provided) in your tran: 


: accessing the dial 
riber to ring, be sure 
frequency and your 
, as well as mike gain 
ransceiver. Clipping, 


Table 3. Touchlone matrix showing coding from U1S to U14. 

it.) Punch in the access code, both 
automatically and manually, to check for 
wiring errors. The automatic code access 
board speed should be adjusted to just under 
what is too fast to bring the dial tone up. 
Next try to dial a number. Again, use both 
the keyboard and then the automatic feature 
to check operation. Too fast a dial rate will 
not be accepted by the telephone company 
equipment. Too slow a one may result in 
false dialing when you have a weak signal 
into the repeater. Ideally, for an exchange 


The unit has been in use for about 13 

months and has been tested to extremes of 
temperature, from the bare circuit boards 
lying on the floor under a 195° F heater, to 
start-up in the morning when the ambient 
temperature has been 15° F. With proper 
components (i.e., tantalum capacitors in the 
audio coupling and timing circuits), no 
thermal problems should be experienced. 
Re-design of the tone encoder using the 
Motorola MCI4410 resulted in extremely 
reliable operation. The only problems 
experienced were with the ME8913 
Microsystems International generator, which 
required extensive bypassing and ferrite 
beads around the frequency determining 
pins. 

One word of caution to repeater groups is 
in order. It would be easy to manually dial a 
number like 1-703, then let the logic 
transmit seven digits very quickly. Since the 
phone company will allow the 40 ms dialing 
rate, other listeners may not realize a long 
distance call has just been placed. Number 
counters should be standard equipment on 
all repeaters. 

The unit is a pleasure to use and sounds 
quite professional, just like the tones one 
sometimes hears on intercity or long 
distance dialing. It has also functioned as a 
conversation piece, for every time it has 
been used someone invariably has wanted to 
know how I learned to let my fingers walk 
so fast through a touchtone pad. ■ 












Zapping Dead Nicads 


by 

Peter A. Stark K20AW 
196 Forest Drive 
Mt. KiscoNY 10549 


A major cause of nicad 
failure is overheating, 
caused usually by 
excessive charge or 
discharge... 


T hough individual nicad cells are 
relatively inexpensive, complete nicad 
batteries for specific pieces of equipment 
often cost an arm and a leg. The 15 volt 
batteries for 2 meter walkie-talkies are a 
typical example — they often cost $30 to 
$60 and up, depending on the source. 
Anything that can be done to lengthen their 
life is therefore of great interest. 

This article is a continuation of an earlier 
article I wrote in the December 1974 issue 
of 73 Magazine. As a result of that article I 
have received several letters from readers 
which have spurred me on to further reading 
and experimenting. This has led to several 
techniques for repairing or reconditioning 
nicad batteries, which should be of help to 
many nicad users. 

In the 1974 article I mentioned that a 
major cause of nicad failure is overheating, 
caused usually by excessive charge or dis¬ 
charge. The big problem is overcharging the 
battery. The resulting heat causes a pressure 
buildup, which in turn causes venting of the 
sealed cell through the safety vent. This vent 
acts like a safety valve to relieve internal 
pressure and prevent a possible explosion. I 
had indicated that an occasional slight loss 
of electrolyte through venting would not 
cause too much harm, as the safety vent 
would reseal itself after the venting. 

One reader (Lloyd W. Root K7AS) wrote 
to say that he has had much experience with 
nicads over many years, and has done a 
number of experiments on them. One of the 
things he has found is that some of the nicad 
safety vents are not resealable. They can be 
identified by a triangular hole in the positive 
end of the cell. The small metal tab stamped 
out of this triangular hole is aimed inward 
like a sharp point; under this tab is a thin 
plastic membrane which seals the cell. In 
case of internal overpressure, the plastic is 


pushed outward against the sharp point, 
which punctures a small hole in the plastic 
to release the pressure. Once this hole is 
made, it stays there and the cell soon dries 
up. When this happens, the cell will only 
hold a charge for a very short time. 

Lloyd Root reported having experi¬ 
mented with a number of such dried- 
out cells. He disassembled one to see how it 
was put together, and found a place where 
he could drill a tiny hole through the case 
without shorting the internal plates. Then he 
injected distilled water through the hole 
with a hypodermic needle. By replacing the 
missing liquid, he renewed the cell to the 
point where it performed almost as good as 
new. Though I have not yet tried it, I 
suspect that a similar result could have been 
achieved by immersing the cell in distilled 
water and then applying pressure to the 
liquid in some way - perhaps by using a 
thick rubber bag or hot water bottle and 
squeezing it — to force the water back into 
the cell. Were it not for the fact that high 
temperature is very dangerous with nicads, 
the use of a pressure cooker would be very 
tempting! In any case, the vent could then 
be loosely covered with tape to prevent the 
liquid from evaporating again. 

It is very important not to cover the 
safety vent and thus prevent it from 
working. I am told that when a nicad 
explodes from excessive pressure it really 
makes a mess. This brings to mind a 
dangerous condition I have seen in several 
batteries. As soldering to nicads is 
dangerous, welding is used to attach contacts 
to cells in multi-cell batteries. These 
connections arc generally made with metal 
strips rather than wire to allow easier 
welding. In several instances I have seen the 
metal strip welded directly over the safety 
vent, thereby creating a safety hazard. 

I have found that electrolyte leakage can 
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cause another safety hazard which may, which may sometimes spot the problem 

under some conditions, lead to damage to before it becomes serious. This is to connect 

the battery, charger, or walkie-talkie, and a voltmeter across the thermistor contacts 

possibly even an explosion. This applies on the outside of the battery. You should 

particularly to rapid-charge batteries. Here’s not measure any voltage. If you do, then 

why: The electrolyte which leaks out of a there must be some internal leakage path Short of periodically open- 

nicad is not just pure water, but actually is a between the thermistor and at least one of ing the battery to look for 

conductive chemical. If a cell in a sealed the cells, indicating that some electrolyte has leakage, there is no fool- 

battery such as the 15 volt battery for a 2 been vented. proof way of detecting 

meter Motorola walkie-talkie leaks, the Another common cause of nicad failure is this P roblem before il 

electrolyte forms internal leakage paths intema , shortjng of one or more ceMs |n a causes damage ... 

inside the battery which can discharge cells sing | e ce „ you can jdentify this prob|em by 

and form internal high resistance shorts. t he fact that the cell measures exactly 0 

Those nicad batteries designed for volts, and when checked with an ohmmeter 

rapid-charge use have a built-in thermistor measures 0 Ohms. In a multi-cell battery you 

connected to an external contact on the may note that the open-circuit voltage of the 

battery, which allows the charger to sense battery is less than the usual voltage even 

internal temperature. As long as the battery after a full charge. A normal nicad cell 

is still partially discharged, cell temperature measuring 1.25 volts under most conditions 

is fairly low and the thermistor resistance is will reach 1.4 volts or even slightly more 

also low. As soon as the battery is fully during and right after a charge. Thus the 15 

charged, cell pressure and temperature start volt battery from a Motorola HT-220, which 

to rise. This makes the thermistor resistance has twelve cells, will read up to about 17 

go up to Ik and more. This signals the volts right after it is charged. If the 

charger to switch from its high-current open-circuit voltage after a charge is only 15 

charge rate (which is designed to charge the volts or even less, that indicates that one or 
nicad in one hour) to the standard more cells are shorted, 

low-current charge rate. I have in the past thrown away a number 

Now suppose that electrolyte leakage of shorted cells, and now wish I had kept 

inside the battery puts a high-resistance them. That's because I have found a way to 

short across the thermistor. Even though the fix them. I presently have four batteries for 

battery is fully charged and the temperature my HT-220 which were given to me 

is rapidly rising, the charger still sees a low because their voltage was down to as low as 

resistance and therefore continues charging 7 volts. I have now been using them for 

at the high rate. This can rapidly melt all the some time to see whether they will fail 

plastic parts on both the battery and again. In one of these batteries, which 

charger, and in an extreme case even cause started out with four shorted cells, one of 

an explosion. these cells has shorted again, but I was able 

Short of periodically opening the battery to a S ain rejuvenate it and it has been 

to look for leakage (and rinsing it out with working ever since. 

water if you find any), there is no foolproof The idea came to mind while I was 

way of detecting this problem before it carefully rereading a part of the GE 

causes damage. But there is a simple test "Nickel-Cadmium Battery Application 




Another common cause of 
nicad failure is internal 
shorting of one or more 
cells... 


Once a cell is already 
shorted why can’t we bum 
out the short by applying 
an external heavy current 
burst? 


Engineering Handbook,” Publication No. 
GET-3148 (and its supplement GET-3148S), 
available from the General Electric 
Company, Battery Products Section, Box 
114, Gainesville FL 32601. At one point 
they mention that sudden failure due to 
internal shorting of a cell is more common 
when a battery is discharged than when it is 
fully charged. Though they are not sure of 
the exact reason, they speculate that this 
may be because internal shorts start out by 
being very small needle-like projections 
which short the two plates together. A 
well-charged cell may be able to burn out 
this tiny short as soon as it forms by passing 
a heavy current through it, whereas a 
discharged cell can't. Well, I thought, once a 
cell is already shorted why can’t we burn out 
the short by applying an external heavy 
current burst? I asked several friends for 
their old, shorted walkie-talkie batteries and 
went to work. 

The first time I did this I took the time to 
open the battery case using a knife 
attachment on my soldering iron and a lot of 
force. Some battery cases are easier to open 
than others. The cases for the replacement 
HT-220 batteries made by Alexander 
Manufacturing appear only to be glued 
together at the corners, and easily come 
apart The original Motorola batteries, on 
the other hand, are sonically welded all 
around, and attached with two studs in the 
middle as welj. Quite a bit of huffing and 
puffing is required to open them up. 

Once open, I borrowed a trick suggested 
by K7AS. He noted that a cell which has 
been reverse-charged will not take a charge 
of the proper polarity unless first given a 
heavy burst of current from a regular dry 
cell connected directly in parallel with the 
nicad. Since a new dry cell has a voltage of 
about 1.5 volts and a fairly low internal 
resistance, this pushes a good current 
through the nicad, forcing it to take on the 
proper polarity. When the nicad cell reaches 
1.5 volts, the current drops to a very low 
value. 

Knowing which cells of my battery were 
shorted, I took a no. 6 dry cell and very 
heavy leads and connected it directly across 
each shorted nicad cell, plus-to-plus, for 
about five or ten seconds. This gave each 
shorted cell enough of a current burst to 
burn out the short, and even gave it a slight 
charge. After removing the dry cell, I noted 
that the nicad cell now had a voltage across 
it. Since this particular battery had four 
shorted cells, I repeated this procedure once 
for each cell. Once the shorts had been 
removed, I put the battery into the charger 
and charged at the standard rate for 15 
hours. I have now been using the battery for 
several weeks, and it has been performing 


well. I am, however, careful not to discharge 
the battery all the way lest one of the cells 
short again, although tests on other batteries 
to determine total battery capacity - down 
to a total discharge - have only once 
resulted in a shorted cell which was easily 
repaired. 

But opening Motorola batteries is a chore, 
so the next three batteries were fixed 
without being opened. The procedure is 
similar — putting a heavy current through 
the battery - but the technique of doing it 
is slightly different. 

My first try worked, but not reliably. It 
consisted of taking a 30,000 uF 
computer-type electrolytic capacitor, 
charging it to 25 volts, and then discharging 
it into the nicad battery. After several tries 
this did bring one of the shorted cells up to 
voltage, but it appeared to be a laborious job 
at best. Obviously more drastic steps were 
needed. 

I, therefore, started by putting the entire 
battery into the charger and charging at the 
standard charge rate (.1C) for 15 hours. 
Though this did nothing for the shorted 
cells, it did result in the good cells being 
fully charged. Now I took a pair of pliers 
and connected the jaws directly across the 
battery terminals to provide a nice, 
low-resistance short across the battery for 
about 2 to 3 seconds. The resulting 
short-circuit current, provided by the good 
cells in the battery, burned out the shorts in 
the shorted cells. It also slightly 
reverse-charged the bad cells, which I 
immediately counteracted by putting the 
battery into a high-current (,5C) charging 
circuit for about 30 seconds. Then I charged 
the batteries for several more hours in the 
standard .1C charger, and checked the 
open-circuit voltage. In a few cases, the 
treatment had to be repeated several times 
to repair all the shorted cells - one of the 
batteries had 5 cells out of its 12 originally 
shorted — but eventually the battery voltage 
came up to 17 volts after a charge, and 
stayed there. 

In addition to the reference given earlier 
to the GE nicad manual, other prominent 
nicad manufacturers include Gould, 
Eveready and Union Carbide, who may be 
able to supply additional information if you 
need it. There is also a booklet available 
from the U.S. Government, which I have 
requested but not yet obtained; it is a report 
entitled "Chargers and Charging 
Techniques," no. LESP-RPT-0202.00, which 
applies specifically to nicads used in portable 
radio gear. It is available from the National 
Criminal Justice Reference Service, Law 
Enforcement Assistance Administration, 
U.S. Department of Justice, Washington DC 
20530. ■ 



Plugboard Extender for Under $ 3.00 


by 

Kent A. Mitchell W3WT0 
1004 Mulberry Avenue 
Hagerstown MD 21740 


R ecently, I had the opportunity to 
purchase some surplus digital equip¬ 
ment. One such unit, a specialized shift 
register type used to test some NASA space 
hardware, contained approximately 50 plug¬ 
in circuit boards on which were mounted 
hundreds of transistors and other com¬ 
ponents. This unit, once an example of 
state-of-the-art construction, is now 10 years 
old and in these days of integrated circuits is 
in style about as much as a'’53 Studebaker. 
So, I was able to acquire the gear for only 
$5. 

However, before I even thought of canni¬ 
balism, I could not resist firing up the 
equipment to see what would happen. (The 
unit contained a husky 5 volt power supply 
- alone worth the price.) Immediately, 
lights lit and registers shifted. Well now, 
after second thought, why not experiment a 
little bit and see if I couldn’t build my own 
not-so-miniaturized calculator? 

First problem was how to get ’scope 
probes on some test points to find clock 
pulses, etc. The circuit boards themselves are 
coated with a thick layer of glop called MFP 
(short for moisture-fungus-proofing) so 
direct contact with component leads was not 
possible. The board sockets would be the 
next logical place for signal access; however, 
these were recessed deep within the chassis 
and covered by wire bundles. Clearly, what I 
needed was a "board extender,” that is, a 
simple point-to-point wired plug and socket 
arrangement which would enable the 
selected circuit board to be connected into 
the chassis circuit while being physically 
external of the chassis. 

A quick glance at my selection of parts 
catalogs shocked me into the realization that 
such a simple item was priced at a minimum 


of $15. This was three times what I had paid 
for the unit I wanted to test. There had to 
be a better way — like build my own. Back 
to the catalogs! 

Vector Electronics Co. produces a 
"Universal Plugbord” series that are blank 
except for the etched contact fingers and 
prepunched with a grid of holes for experi¬ 
mental component placement. A 22-contact 
board of this type is available inexpensively 
from Burstein-Applebee Co., 3199 Mercier 
St., Kansas City, Mo. 64111. 

Next, an appropriate socket needs to be 
bolted onto the board, and these are usually 
available from Poly Paks Inc., P.O. Box 942, 
South Lynnfield, Mass. 01940. Some scraps 
of hookup wire connect the two and a 
handy test aid is added to the shack. ■ 
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Eyes For Your Shack 

Conclusion 


by 

G. E. Friton W0ACR 
628 Marshall Ave. 

Webster Groves MO 63119 


T he moment of truth (or consequences) 
has arrived! Install all active 
components except Q303, 4, 5, 7, 8 and 9 in 
the vertical amp, and 0405, 6, 8 and 9 in the 
horizontal amp. Set your scope’s controls: 
intensity, three quarters CW; focus, 
midrange; astigmatism, midrange. The 
remaining controls will get set as you 
progress with initial checkout. 

Again, remember that those 
innocent-looking batteries can easily reduce 
your scope to a pathetic pile of rubble in 2 
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Fig. 24. (a) Calibration signal generator. 

(b) Calibration network. 
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seconds or so, should a minor disagreement 
in who is going to control things develop (it 
will). So use a 1 Amp fuse in series (it'll 
never blow, of course), to discourage such 
outbursts of temper. 

Apply power. Note that both inverters 
start (it won’t exactly sound like the Boston 
Pops, but it’ll sure sound good!). Check +5, 
—5; set +95, positive and negative HV (the 
latter two depend on the options chosen). 
By this time, there should be a bright, 
unfocused spot on the CRT. Set the 
intensity control for a medium brilliance 
spot, and check the focus control. Since the 
astigmatism control has not yet been set, the 
focus probably won’t be too sharp. Reduce 
spot intensity to dim, and remove power. 

Horizontal Board Setup 

Install Q405, 6, 8 and 9 in the horizontal 
board. Set the scope’s controls: timebase, 1 
ms/div; mode, ac; level, CW; slope, +; 
horizontal position, midrange; variable 
controls. Cal. 

Apply power. Adjust horizontal position 
control to give 42 V on the collector of 
Q405. Then adjust R438 for 42 V on Q408’s 
collector. Beam should now be in the center 
of the screen. Check operation of horizontal 
position control — should move the beam 
from right center to off-screen left. 




Set mode to AUTO, timebase to 100 
ms/div, and center the trace. Note direction 
of the sweep; if it's backwards, reverse the 
connections to the CRT horizontal plates. 
Set timebase to 1 ms/div. Adjust R422 for a 
horizontal trace fully across CRT. This 
completes initial setup of the sweep board. 
Turn the scope off. 

Vertical Board Setup 

Next to be adjusted is the vertical 
deflection amplifier. Insert Q303, 4, 5, 7, 8 
and 9 into their respective sockets in the 
vertical amp. Set scope controls: vertical 
position, midrange; vertical input, GND; 
vertical attenuator, 1 V/div; timebase, 5 
ms/div; trigger, INT. Turn the scope on. Set 
R320 on the vertical amp board to give 42 V 
on Q309’s collector. Set R318 for 42 V on 
Q305’s collector. Check that the vertical 
position control causes the trace to deflect 
off-screen up and down. Using a flashlight 
cell, note that trace deflects up for positive 
vertical input; if not, reverse vertical plate 
leads. Switch vertical input to ac, and apply 
your .001% accurate 60 Hz source (finger) 
to the vertical input. Note wiggly line on 
CRT. This checks out the basic operation of 
the vertical amplifier board. 


CALIBRATION 

Now what is needed is a cheap and simple 
semi-square wave source, of reasonable 
risetime. If you have a function generator 
handy, fine; otherwise, throw together a 
simple one from a 555. Fig. 24(a) gives the 
circuit, with 40 ns RT, sufficient for our 
purposes. The pinouts are correct, 
backwards as the circuit may seem. Connect 
test oscillator to -5 V source (scope’s -5 is 
OK). Connect test oscillator’s 30 mV output 
to vertical in. Set vertical attenuator to 10 
mV/div, trigger mode ac HF, and timebase 
to 50 us/div. Adjust trigger level for stable 
trace; then readjust timebase for 1 to 2 
cycles display. Disregarding any overshoot, 
set R310 (vertical board) to give 
approximately 3 divisions deflection. 

There are two trimmers on the vertical 
amp board. Initially set each one to 
minimum capacity position. Then, observing 
the rising and falling edges of the waveform, 
adjust each trimmer equally to achieve the 
best looking edges with minimal overshoot 
and ringing. Slightly rock each trimmer 
individually for final tweaking. 

Remove the generator, and modify it for 
1 kHz, by increasing the 560 Ohm resistor to 
56k. Set the generator’s pot for minimum 
output, and reconnect to your scope, using 
the wiper for vertical input. 

Reapply power, and set the scope for dc 
coupling, ac LF, 5 ms/div. Adjust the level 



I— 8.33 DIV- 

(16.66ms) 


Fig. 25. (a) Timebase calibration, (b) Astigmatism set. 

control, if necessary, for a stable 
presentation of several cycles. Carefully set 
the astigmatism pot R601, and focus control 
for best focus in the areas indicated in Fig. 

25(b). You will need to alternately adjust 
each control several times for best focus. 

Vertical Attenuator Compensation 

Now for vertical attenuator 
compensation. You’ll need the little 
network, Fig. 24(b). Follow the procedure 
of the calibration chart carefully. Always set 
the generator for 3 to 4 divisions display 
during this procedure. 

Following the compensation procedure, 
you’ll need to fine-adjust the vertical gain 
pot; use a fresh D cell as vertical input, 
negative grounded. Set the scope for .5 
V/div and, with input grounded, set vertical 
position for a trace on lowest line of 
graticule. Switch to dc coupling, and adjust 
R310 for very slightly over 3 divisions 
deflection. All other ranges are now 
calibrated. 

Only one thing left to calibrate - the 
timebase. A reasonable job may be done 
with your calibrated finger, by setting the 
oscilloscope for 2 ms/div, in AUTO mode. 
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Applying your finger to the vertical input 
will give about 1 cycle of 60 Hz, usually 
with in-sync pulse-type garbage riding along 
(fluorescent or dimmer transients). With the 
horizontal position control, set one of these 
spikes on the leftmost line of the graticule. 
Then set R418 to place the next 
identically-placed spike slightly less than &'A 
divisions from the first as shown in Fig. 
25(a) — 8.33 divisions to be exact. 

To be a bit more exact in timebase 
calibration, use that handy signal generator 
in the living room. Simply place the vertical 
probe near the TV. By locking on field rate, 
60 Hz, you have accurate 16.6 ms markers, 
the vertical sync pulses; and using ac HF 
coupling, you can lock onto 15,750 Hz 
(horizontal sync), to check the timebase 
with 63.5 us markers. To check the highest 
sweep speed, locate the 3.58 MHz oscillator 
(if the XYL will let you dig into the set), 
and drape the probe near it. On 1 us/div, 
you should have 3% complete cycles per 
division. Since part of the timing capacitor is 
cable capacity, an unknown, wait until 
everything works, and is neatly cabled, 
before making any value changes to tweak 
the 5, 2 and 1 us/div ranges in. Normal 
cabling length (6” or so) will affect it 10 — 
20 %. 

Congratulations! You now have an 
indecent oscilloscope! Of course it’s 
indecent - you haven’t dressed it up yet! 

Professional Touches 

Some thoughts on making a really 
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NICAD a GELCEL NETWORK 


Fig. 26. (a) Power supply - charger. 7812 must be well heat sinked. Set 
output for 14.7 to 15 V for optimum battery cycle life. 15.6 V will 
materially shorten life of Gates cells, (b) Charge networks. 


professional front panel ... remember that 
template of the front panel? Now’s when 
it'll prove invaluable. Make a few copies of it 
with carbon paper and use one of these to 
pencil in the nomenclature in approximate 
position. Then make a very careful, 
squared-off version for a lettering guide. 

You now have two choices: Either do the 
finished lettering, actual size, on a piece of 
lightly frosted mylar, and use by 
sandwiching it between clear or colored .020 
acetate or polycarbonate and white paper, or 
make a double size version, get an actual size 
negative, and contact print one on standard 
black and white photographic paper. Then 
sandwich this photo between the front panel 
and acetate. The latter method will generally 
give a more finished appearance. Note that 
plexiglas is unsuitable as a cover material, as 
it will crack under the uneven strain of 
pulling down mounting nuts, where 
polycarbonate and acetate simply give a 
little. 

The Charger and Ac Power Supply 

Another needed item is an ac power 
supply - charger for your scope. Fig. 26 is a 
power supply that will support the scope 
indefinitely, or fully charge the Gates 
batteries in about 5 hours, nicads overnight. 
Use the appropriate network and set the 
regulator correctly for the type of batteries 
you have. 

Note the use of a non-shortable polarized 
charging plug, and the diode D601 to 
prevent backfeed shorts. This diode has 
proven very handy at times; if you forget the 
charger, simply use a 150 W lamp (Gates 
cells) or a 40 W lamp (2A-H nicads) for a 
charger. 

Cleaning It Up 

With everything working, it’s now time to 
nitpick a bit. Check to see if inverter garbage 
is getting into anything; it’ll probably show 
up as small pulses on the trace, or erratic 
sync problems. Suspect grounding or lead 
dress problems first. Check by strapping a 
suspected ground to different points, and 
moving leads and cables around. 

When you're satisfied with your scope’s 
performance, tiewrap the cables neatly. 
Remember, you may need to touch up the 
5, 2 and 1 us/div sweep speeds. Put the cover 
on, charge the batteries fully and enjoy. 

Accessories 

First thing you'll want is a good lOx 
probe, easily carved out of a gutless 
ballpoint pen. File a small nail into a probe, 
solder a paralleled 9.1 meg, and 2-20 pF 
trimmer to the nail head, and add some RG 
174 U. Adjust using a square wave. 




Another extra is an illuminated graticule 
- all that needs to be done is mount a 
couple of miniature lamps on the plexiglas 
graticule edge. The scribed lines will glow 
brightly. A push-for-illumination switch will 
conserve the batteries. 

Also, a handle should be added to your 
case for carrying ease. A swivel type, 
mounted somewhat forward of center, will 
double as a tilt stand. 

Hindsight 

Typical of such a project, looking back 
always finds things that can be improved. A 
few things you might consider for your 
scope: 

1) A xIO expand for the timebase. This is 
relatively easy to implement: Change R429 
to 1.2 meg, and make R422 
switch-selectable 10k and 100k pots. 
Effective top sweep speed will then be 100 
us/div. By the way, the 555 gets downright 
ornery if you try to push it that far, so don’t 
expect it to go much past .5 us/div ... use 
the expanded-sweep method instead. 

2) A simple but handy addition is 
switching of the auto mode coupling 
capacitor (C606) to keep the trace bright at 
high sweep speeds with no input. Use 1 uF, 
0.1 uF, and .01 uF, the latter value to be 
used with the high sweep speeds. 


3) A somewhat better regulation scheme 
for the HVPS, involving direct tapoff of the 
negative high voltage, instead of at the first 
multiplier. This was used in an earlier 
supply, and is capable of much better 
regulation, but is more expensive, due to the 
greater number of zeners required. 

4) Dual trace capability: The vertical 
amplifier is designed to accept this inclusion 
with minimal changes. Make another vertical 
preamp, up to Q302 and Q306. Then use an 
astable multivibrator to drive FET or 4016 
CMOS switches placed in series with Q302 
and Q306 signal lines, switching between 
each preamp output. Also include a 
summing point for all the blanking signals, 
and trigger pickoff for alternate trace 
generation. 

5) A protective cover, if you intend to 
use the scope in the field. Such a cover, of 
vinyl or cloth, can probably be made by the 
YL or XYL (for the price of a little flattery). 

A Wee History 

Begun from scattered ideas in May 74, 
and completed in September, the scope has 
since been in constant use and has proven to 
be extremely useful, stable and rugged. It 
has been used in 5° weather, kicked, rained 
upon, and worst of all, subjected to travel in 
my Jeep. It’s a hardy little devil! ■ 


It’s been used in 5° 
weather, kicked, rained 
upon, and worst of all, 
subjected to travel in my 
Jeep. It’s a hardy little 
devil! 


ATTENTION METRUM II 
OWNERS 


vaxgvam} has a high quality 
synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 

For complete details and photo 
see our half-page ad in this maga¬ 
zine. 

VANGUARD LABS 


MILITARY SURPLUS 
WANTED 

Space buys more and pays more. 
Highest prices ever on U.S. Military 
surplus, especially on Collins equipment 
or parts. We pay freight. Call collect 
now for our high offer. 201 440-8787. 

NEW ADDRESS 

SPACE ELECTRONICS CO. 
div. of Military Electronics Corp. 

35 Ruta Court 
S. Hackensack, N.J. 07606 


Hale Electronics Brings You. 


REPEATER 10'er MODEL IDC-100 


Hale Electronics 


18” FACSIMILE 
RECORDERS 


FOR SALE 




Alden Electronic * Impulse 
Recording Equipment Co. Inc. 


Mr. Armand D. Bouchard 
Washington Street, 
Westboro MA 01581 
617-366-8851 



Build This Digital 
Capacity Meter 


by 

I. M. Chladek 
PO Box 93 
Kenmare 
1745 

Rep. of South Africa 

O ne of the common problems any con¬ 
structor faces is determining the exact 
capacity of a capacitor from his junk box or 
for use in af filters, etc. Small (and cheap) 
RLC bridges are not accurate enough and — 
if, for example, you try to measure 100 
mixed values of capacitors from a surplus 
pack — you may well run out of patience. 
Furthermore, in the age of integrated 
circuits and frequency counters, everybody 
is getting lazy. Well, here is an instrument 
which eliminates all these troubles, presents 
the value of capacity instantly in digital 



Fig. 1 . Block diagram. 


form, is highly accurate and is fairly simple 
to construct. 

First, some information about the 
C-meter: 

1) It measures capacitors from 1 pF to 1 
uF in two ranges - 9999 pF and 999.9 nF. 

2) Display is four digits in the above 
ranges, with leading zero suppression and 
overflow indicator. 

3) Accuracy is better than ± 0.1% of lull 
range ± 1 digit for higher values of capaci¬ 
tance in both ranges; for lower values of 
capacitance it is still very good (i.e., it is 
possible to determine if the measured 
capacity is 1 or 2 pF). (The above accuracy 
is of course in relation to the standard used 
for calibration of the C-meter and applies 
only for capacitors with a good 0 - see 
text.) 

4) No warm-up period is required. It 
measures immediately after switching on, 
with full accuracy. 

5) Operation is extremely simple, with 
only two controls: zero adjustment and 
range switch. 

6) With the exception of a power supply, 
the whole unit fits on two small printed 
circuit boards. 

7) The price of the complete unit should 
be around $50, depending on how familiar 
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you are with cheap sources of TTL inte- counted to ‘'10000", but the first digit was 

grated circuits. (Maybe most of them are in not displayed and the resultant display was 

your junk box.) “0000”. Similarly, for higher range, the 

The basic principle is very simple and well counter was reset to “9990". Reset circuits 

known; the only difference is how it has are then a bit more complicated and the 

been used. A similar unit was described some overflow indicator must be a two stage 

time ago, but it measured only higher values counter, but this is not a serious complica- 

of capacitance, and used different devices. tion. 

Fig. 1 shows the block diagram of the Capacitance ratio between range 1 and 2 

C-meter. The heart of the unit is the is 1:100. To obtain a correct reading on 

monostable multi-vibrator (MMV), which range 2, the frequency of 40 MHz (for range 

produces gating pulses. The length of these 1) must be divided by 100, resulting in a 

pulses is directly proportional to the value of frequency of 400 kHz. 

capacitor Cx. I had to consider practical The last part of the C-meter is the timing 

limits of the MMV integrated circuit used circuit. It generates trigger pulses for the The basic principle is very 

(SN74121), the crystal oscillator and the MMV, strobe pulses for latches and reset simple and well known; 

frequency counter described later. Using pulses for counters. The last ones are the only difference is how 

only Cx and no Cp, with the highest distributed as described above with the help it has been used ... 

permissible value of the timing resistor, will of a few TTL gates. 

result in a pulse length of about 25 usee (see Flicking of the least significant digit is 

data book for SN74121). The crystal not suppressed for two reasons: to simplify 

oscillator frequency must then be 40 MFIz in construction and to enable recognition of 

order to obtain “1000” on the display. But, differences between, say, 17.0 and 17.5 pF. 

due to the long leads to the terminals for In the latter case, the display would have 

Cx, hum, etc., the display was not stable — changed from 17 to 18. I used cheap 

especially for values of Cx under 100 pF. To Minitrons for display and this determined 

be on the safe side, I decided to start with a the frequency of the timing circuit; it must 

value for Cf of 1000 pF. This cured the be low enough to read both values corn- 

problem. But with no Cx on the terminals fortably, e.g., 17 and 18. After a few tests I 

there was "1000” on the display. Well, left it at about 2 Hz. The timing oscillator is 

instead of resetting to “0000", I reset the then running at 20 Hz and is divided by 10 

counter to “9000"; then with no Cx it with the SN7490. Pulse “4” is used for 




Both parts can be 
tested separately before 
final assembly of the 
C-meter... 


triggering the MMV, “6” is used as strobe 
pulse for latches, and "8" is used for reset 
pulses. This system works very well, and 
leaves about 100 ms between trigger and 
strobe. With 1 uF and 40k Ohm, the 
SN74121 generates about 25 ms pulses, so 
that it is well within the above 100 ms. Any 
other combination of the outputs from the 
SN7490 is, of course, possible. 

I decided (after some consideration) to 
divide the instrument into two parts: 

1) Crystal oscillator, MMV, timing 
circuits and gate. 

2) Frequency counter and display with 
overflow indicator. 

This arrangement reduces the size of the 
printed circuit boards which are mounted in 
parallel and interconnected by means of a 
few wires. Both parts can be tested 
separately before final assembly of the 
whole C-meter. 

Frequency Counter and Display with Over¬ 
flow Indicator 

This unit is mounted on a single-sided 
printed circuit board 110 by 80 mm. Using a 
single-sided printed circuit board for such a 
complex circuit results in a few jumpers 
being necessary. However, the use of 
double-sided printed circuit board would not 
be fully justified - it would be much more 
difficult and expensive. 

This unit is basically a 4-stage frequency 
counter with overflow indicator, which 
reacts only to every second pulse from the 
last decimal counter as explained earlier. 
Decade counters used are SN7490, with the 
exception of the first one, which must 
handle frequencies around 40 MHz. An 
SN74196 is used here instead, as it can 
handle frequencies over 50 MHz. Latches 


SN7475 and BCD-to-seven-segment decoders 
SN7447A are used to drive 7-segment incan¬ 
descent displays (Minitrons) of a cheap 
foreign make, type 3015-F. If any other 
type of 7-segment display is used, you must 
check to see if the pin arrangement is the 
same. If not, the printed circuit board must, 
of course, be modified accordingly. The 
overflow indicator uses an SN7473, one 
surplus plastic switching transistor and an 
LED (TIL209 or similar). 

I used 1C sockets for the Minitrons only 
(MOLEX type); all the other integrated 
circuits are soldered directly into the printed 
circuit board. With surplus integrated 
circuits this is a bit risky — the decision is 
yours. 

There are four resets for the counters, as 
well as one for the overflow indicator and 
strobe for the latches. Two wires are for 
switching the decimal point of the second 
Minitron for the higher range. 

Oscillator, Gate, MMV and Timing Circuits 

I tried a few types of harmonic oscillators 
and the most successful is shown in Fig. 3. It 
is reasonably stable and the output voltage is 
high enough to drive a buffer stage, which 
drives high speed gate IC14A (SN74HOO). 
Crystal X is a harmonic type (3rd or 5th 
harmonic) and any frequency between 35 
and 45 MHz is suitable. Coil LI has 10 turns 
of 28 SWG enameled wire on a 5 mm 
diameter with a tuning slug. Capacitor Co 
tunes with LI to the harmonic frequency of 
the crystal X. The coupling coil is 2 turns of 
insulated wire (24 SWG) over the “cold*’ end 
of LI. 

The buffer stage Q3 must safely drive the 
buffer gate IC14A. The easiest way to check 
if IC14A is driven enough is to measure the 
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Fig. 2. Note: Cut off pin 4 of ICs 2 and 3 (SN7490). 



















Two versions of the C-meter. 


rf voltage with an rf diode voltmeter at pin 
11 of IC14, If the rf voltage is low or 
unstable, I recommend that you change the 
value of the base resistor of transistor Q3 or 
the transistor itself. Unstable or low rf 
voltages (e.g., under 2 V) will result in 
unstable or no display of the measured value 
of capacity. So get it to work one hundred 
percent. This is probably the only difficult 
part of the whole instrument. 

The rf output from IC14A is fed into 
another gate 1C (14B) and divided by 100 
(ICIS and IC16). Range switch SIB blocks 
106 for range 1 via IC20E, so that at the 
output (pin 11) of 106 there is logical "1". 
At the output of IC14C (pin 3) is a 40 MHz 
signal. If the range switch SIB is in position 
2, gale IC14B is blocked, the output (pin 8) 
is logical “1”, 10 5 and 106 divide the 40 
MHz by 100, and the 400 kHz output (pin 
11 of 106) goes via IC14C to pin 4 of the 
gate IC14D. 

One half of 107 (dual Schmitt trigger) 
works as an oscillator; a 47 uF 10 V solid 
tantalum capacitor and a 470 Ohm resistor 
make up the timing circuit for approxi¬ 
mately 20 Hz. This frequency is fed into 
10 8 (an SN7490 decade counter). The B, 
C and D outputs of 108 are used to 
produce trigger, strobe and reset pulses. 
Trigger pulse “4” from pin 8 of 108 is 
reshaped in the second half of 107 and fed 
into IC21 (the SN74121 MMV), which 
produces a pulse with length directly propor¬ 
tional to the value of capacitor Cx (+Cf)- 
This pulse (at pin 6 of IC21) is used to 
enable gate IC14D. The output from IC14D 
(pin 6) goes to the counter input. 

Strobe impulse "6" is formed by the B 


and C outputs from 108 (the decade 
counter) in the gate IC19B (SN7400). The 
output is a negative impulse and, as the 
SN7475 latches require positive pulses, it is 
inverted in one of the hex inverters (IC20B) 
of SN7404. 

Reset 1 and 4 pulses are common for 
both ranges. The D output from 108 goes 
via IC19A to Reset 1 (negative pulse). Reset 
2 must be a positive pulse - thus, Reset 1 is 
inverted in IC20A. 

For range 1, the Reset 3 pulse must be 
positive. With SIB in position 1, gate I09C 
is open but the output pulse is negative — it 
is therefore inverted in IC20C. The Reset 2 
output is logical “0”, as IC19D is blocked. 



Get the buffer stage to 
work one hundred percent 
— this is probably the only 
difficult part of the whole 
instrument... 
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For range 2, the Reset 2 pulse must be 
positive. Switch SIB is in position 2 and gate 
IC19D is open, while IC19C is blocked and 
the Reset 3 output is logical "0”. 

Power Supply 

The last part of the C-meter is the power 
supply. It is very simple, thanks to IC22 
(MC7805CP). This integrated circuit has 
built-in overcurrcnt and thermal protection 
and is a very good buy for the money. The 
output voltage should be very close to +5 V 
(according to the specifications ± 0.2 V, but 
I have not found any worse than ± 0.1 V). It 
is rated for 750 mA minimum (short circuit 
current limit) and this value just suits our 
requirement (about 700 mA with display 
"8888”). The typical input-output voltage 
differential of the MC7805CP is 2 V, but to 
be on the safe side I used 8 V ac. With a 
large smoothing capacitor the input voltage 
is over 9 V dc. Do not try to go under this 
value (at nominal mains voltage); otherwise, 
when the mains voltage drops, you are in 
trouble. 

A small capacitor across the output 
improves transient response. The connection 
between the 5000 uF and the input of IC22 


should be as short as possible. Use heavy 
wires - they eliminate voltage drops and 
improve stability. 

To suppress spikes from TTL integrated 
circuits, it is essential to connect a few 
capacitors of 0.1 uF and 50 or 100 uF 
tantalum at intervals on both printed circuit 
boards. The 0.1 uF capacitors arc Siemens, 
type B32540-A3104-) metalized polyester. 
Their advantage is very low inductance, but 
even the ceramic disc capacitors will do the 
job. Be careful about the polarity of tan¬ 
talum electrolytics; 1 was not - fortunately 
the MC7805CP has good protection. 

By the way - the IC22 regulator needs a 
heat sink to dissipate about 3 W. A small 
piece (100 x 100 mm) of 2 mm (approxi¬ 
mately 14 gauge) aluminum is more than 
adequate; if a metal box is used, just mount 
the regulator on the rear side of the box. 

Construction 

Mechanical construction is probably the 
weakest point of most of the amateur 
equipment. Not everybody has a well- 
equipped mechanical workshop. I built two 
C-meters, each one of different construction. 
I hope that will give you enough inspiration. 
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Fig. 4. Note: MC7805CP mounted on a heat sink. 












Fig. 5. Construction details. 



The first prototype was built into a home¬ 
made cabinet; the basic dimensions and the 
general idea are shown in Fig. 5 and the 
photographs. 

U-shaped parts a and d can be bent in a 
big vise. The other parts are very simple. 
Aluminum (2 mm, 14 gauge) can be used for 
all parts of the cabinet. Start with parts a, ft, 
c and d, and then measure the inside 
dimensions and cut front and back panels e 
and f accordingly. (In my case I used steel, 
and parts b and c are spot-welded to part d.) 

The front and back panels are held 94 
mm (inside dimension) apart by means of 
four 4 BA screws 102 mm long. This 
sub-assembly is then inserted between the 
two U-shaped parts a and d. Parts b and c 
prevent the front and back panels from 
moving, and hold parts a and d together. 

After drilling all necessary holes into the 
front and back panels, clean the front panel 
and mark all holes with a pencil on a piece 
of thick white paper which does not change 
its dimensions with moisture. A white plastic 
sheet would be even more suitable. Cut off 
all the marked holes with a sharp knife. Use 
transfer letters (Letraset or similar) for 
descriptions of the functions on the panel. 
Then cut a 1.5 mm thick piece of clear 
Perspex (Plexiglas) and drill all holes with 
the exception of the ones for display LEDs 
and overrange LED. Cut a piece of red 
Perspex (3 mm thick) which will fit exactly 
into the hole for the LED display in the 
front metal panel e. 

Perspex is supplied with paper sheets 
glued on both sides. Do not remove these; 
mark all the holes and outside lines with a 
pencil and then make cuts with a sharp edge 
along the outside lines, about 0.2 mm deep. 

I used the sharp edge of a small chisel (along 
a steel ruler) with success. Do only one cut 
at a time. Break both ends of the cut slightly 



range 


Mechanical construction of the homemade metal case. 
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The future accuracy of the 
instrument depends on the 
accuracy of this 
5000-10,000 pF capacitor, 
so have a good look 
around for it,.. 


with your fingers. Lay the Perspex over the 
edge of the bench and break carefully. I 
recommend that you try this procedure a 
few times on Perspex off-cuts. The operation 
is not difficult but does require a bit of 
practice. 

Drilling of holes in Perspex is also a little 
difficult. The best method is to use a drill 
press with a maximum of 500 rpm. A bit of 
practice on a piece of off-cut is not a waste 
of time. Only after drilling all holes, cutting 
the right dimensions and smoothing the edge 
with sandpaper should you remove both 
paper covers and wash the Perspex with soap 
and water. A front panel made this way 
looks professional and is really worth the 
effort. 

The printed circuit board with LEDs is 
fitted parallel to the front panel by means of 
four screws with countersink heads, so that 
they are covered with the paper and not 
visible. 

Both terminals for Cx must be made 
from a good insulator or fitted on a piece of 
Teflon (PTFE). Perspex tends to absorb 
moisture from air - a bad insulator will 
cause erratic readings. 

The transformer, IC22 and the 5000 uF 
electrolytic capacitor are fitted onto the rear 
panel. Use a small transformer (or increase 
the depth of the box), so that it does not 
interfere with the printed circuit boards. 

For my second construction of the instru¬ 
ment I used a ready-to-use plastic cabinet 
with a metal front panel. This is the lazy 
man's construction and it is, of course, less 
mechanically difficult. Due to the bigger size 
of the box, it does not need the cooling 
holes that proved to be necessary in the 
previous construction. The construction of 



Fig. 6. Counter and display PC board (full size). Copper in white. 


the front panel is the same as in the previous 
case and I hope that the photos arc self- 
explanatory. 

Fibreglass printed circuit boards should 
be well washed with soap and water after 
etching, rinsed, dried and polished with steel 
wool. Then spray both boards with soldering 
varnish and let them dry in the oven. I am 
sure that your wife will be very pleased with 
the pleasant smell of the varnish in the 
kitchen. Anyway, this protection is very 
important; otherwise, after a few years you 
might be surprised to find that your C-meter 
does not work. Only after this procedure can 
you start drilling the holes into the printed 
circuit boards. Holes 0.8 mm in diameter are 
adequate for all components and wires, 
except the five thick interconnecting wires 
for the ground and +5 V. 

Soldering should be done with a small 
soldering iron - preferably temperature con¬ 
trolled. Start with the jumpers; a few long 
ones should be insulated wire, while the 
others can be bare wire 0.6 to 0.8 mm in 
diameter. Then solder the components and 
integrated circuits. Be sure that all integrated 
circuits are positioned the right way. Do not 
forget to cut off pin 4 of ICs 2 and 3 
(SN7490), before soldering them onto the 
printed circuit board. 

You can test each printed circuit board 
separately. Use your laboratory 5 V power 
supply or the one for the C-meter. The 
current consumption of the frequency 
counter part with display is approximately 
500 mA; of the second part, around 200 
mA. 

To test the counter subunit, Resets 2, 3 
and 4 must be grounded, and Reset 1 must 
be connected to +5 V. Then connect a 
square wave generator to the counter input. 
A circuit of the timing oscillator IC17 
(SN7413) can be used (use pin 6 as output). 
The display will start counting at a random 
number and will continue to over 9999 and 
0000 again. 

The second part of the C-meter can be 
checked with a frequency counter (output 
from IC14D pin 6). You must, of course, 
simulate the function of the range switch 
SIB. Output frequencies (at pin 3 of IC14C) 
must be exactly at the ratio of 1:100. The 
latch and reset pulses can be checked with 
an oscilloscope or, preferably, with a logic 
probe. The sequence and dependency of the 
output pulses on the position of SIB was 
described above. 

Alignment 

If both parts of the instrument work 
satisfactorily, solder the two printed circuit 
boards together. Five thick wires should be 
soldered onto the counter board; to make 
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Take advantage of this 

Fig. 7. Component layout, counter and display PC board. instrument - it measures 

with practically full 

this operation easier, use differently colored (say 33 and 10k) and vice versa. By the way accuracy within a second 

insulation on the interconnecting wires. The — they must again (like ZA, ZP and Cf) of being switched on ... 

same applies to the range switch wiring. have a very low temperature coefficient. It is 

Check the output voltage of the power best to start with ordinary resistors and 

supply. If possible, load it with a 6.8 Ohm replace them, after finding the right values, 

resistor to check if the output voltage is with high stability ones, 

stable. This checking is important, as any Anyway, adjust zero with ZP, and then 

voltage over 5.25 V can damage some connect the precise capacitor C\. If it reads 

integrated circuits. Then check the current low, adjust capacitor Cf to the lower value, 

consumption of the whole unit. It should be 
under 0.75 A. If everything is OK, you can 
start with alignment. 

Set “Zero Adj" (ZA) and “Zero Preadj" 

(ZP) to the center positions. Solder a few (2 
or 3) capacitors, which are stable with 
temperature, across the Cx terminals (inside 
the cabinet). I used plastic molded silver 
mica and polystyrene without serious 
problems. In parallel, solder a small mica 
trimming capacitor (20 to 50 pF). The total 
value of all of them should be about 980 pF. 

They form capacitor Cf. 

The difficult problem here is to get hold 
of a very accurate capacitor whose value is 
between 5000 and 10,000 pF. The future 
accuracy of the instrument depends upon 
the accuracy of this capacitor. So have a 
good look around for it. Note that either 
input terminal is grounded. Of course, the 
one marked "+” is not very sensitive to hum, 

With no capacitor Cx you should be able 
to adjust the instrument to show zero on the 
display, with the values of resistors 12k* and 
22k* next to ZA and ZP. But if you used a 
crystal of a frequency lower than 40 MHz, Fig. 8. Oscillator, gate and timing circuits PC board (full size). Copper in 

these resistors will be slightly higher in value white. 






Fig. 9. Component layout, oscillator, gate and. timing circuits PC board. 

Remove Cx and adjust zero with ZP 
(changing 12k* and 22k* if necessary). Try 
it again with Cx and adjust Cp. Remove Cx 
and adjust the zero with ZP. (Basically, 
when the display shows a low value, you 
must lower the value of Cf — and vice 
versa.) Continue in this way until the display 
shows zero without Cx and the right value 
with Cx- During this procedure ZA is 
adjusted to the middle position. And that’s 
it. Now you can take, say, twenty mica or 
polystyrene capacitors 200 to 500 pF, 
measure each one of them, mark the value 
and add them one after another in parallel 
on the terminals of Cx. The difference in 
total readings should at any point be not 
more than ± 2 digits. If more, then the 
insulation between terminals 10 and 11 of 
IC21 (MMV) or between terminals Cx is bad 
and must be improved. 

SOLID 

TANTALUM 

CAPACITORS 

Continual supplies of manufacturers' 
surplus at low prices. All material 100% 
guaranteed. 

To obtain literature and pricing write to: 

0% * P 0 - B0X 6805 

ureentecn greenville, s.c.29606 

or phone: (803) 277-3537 


This procedure, of adding measured 
capacitors in parallel, demonstrated the 
excellent linearity of the SN74121 MMV. 
Originally, when I started the construction of 
this instrument, I did not expect such good 
results. It is really amazing how these small 
plastic 14- and 16-legged spiders perform. 

The higher range 2 does not need any 
alignment, as it is automatically OK when 
the lower range 1 is adjusted. 

Conclusion 

Inside the cabinet, the integrated circuits, 
display, IC22, etc., dissipate over 5 W. 
Certain crystals tend to be unstable at the 
high temperature which can develop when 
the instrument is switched on for a long 
period of time. In this case, I recommend 
that you drill a lot of small holes in the top 
and bottom of the cabinet in order to allow 
air to circulate along the printed circuit 
boards. 

Take advantage of this instrument — it 
measures with practically full accuracy 
within a second of being switched on. Just 
adjust the zero by means of ZA (with range 
switch in position "pF,” even when 
measuring in the nF range) and connect the 
capacitor across the terminals Cx- If you 
measure a lot of capacitors, check the zero 
from time to time, as it drifts slightly with 
temperature. 

The overrange flickers when you exceed 
the range. This is much better than a steady 
signal. 

If you arc measuring solid tantalum 
capacitors, connect them with the correct 
polarity at terminals Cx- The polarizing 
voltage across these terminals is about 3 V 
dc. This low voltage limits accurate measure¬ 
ment to only low voltage electrolytic capaci- 

If the reading is not stable and changes by 
more than ± 1 digit, then there is something 
wrong with the capacitor and you would do 
best to throw it away. ■ 








The Computer QSO Machine 


by 

B. D. Lichtenwalner W1HAB 
29 Michael Road 
Stamford CT 06903 


I f you have ever operated RTTY for 
extended periods, I expect you have tired 
of repeated typing of your call in RTTY, 
then had to send your call in CW. You also 
included a time and date print on those 
special RTTY contacts that could help you 
toward WAS or DXCC. Were you slowed 
down in that contest when time was a 
required part of the text? Here is a small, 
easy to build circuit that will give you the 
ability to print the time and date, and sign 
your call all at the touch of a button. 

During 1972 I became very interested in 
RTTY operations. Shortly thereafter my 
interests expanded to autostart operations. I 
was particularly interested in the automated 
devices that were operational at some of the 
stations such as WRU Answer Back (Who 
Are You — a short message sent when a 
station is called up with a pre-set access 
code) and Relay Systems. There were a few 
systems operational that printed the time 
and date of each WRU or Relay request. 

As a result of seeing what was available I 
started designing a station control unit. First 
came an electronic “stunt box." Then a 
WRU using a Model 15 TD and finally a 
relay system with a well used FXDR. That 
time/date readout still held my interest — to 


be able to know when my station had 
responded to someone's request was a 
desired goal. Also a time/date printout 
would provide automatic logging of both 
received and transmitted messages. 

The DDTMG (Digital Date/Time Message 
Generator) would provide the following 
functions: 

-A programmable message generator using 
ROMs 

—A time readout 

—A date readout, with automatic updating - 
not manual 

—A CW generator to meet legal requirements 
for CW identification 

The circuit design would have to use 
available TTL circuits and would have 
expandable capabilities for tieing into a 
complete system approach, using a stunt box 
electronic equivalent for control. 

The circuit consists of the following four 
basic elements: an electronic clock/calendar, 
a parallel to serial converter, a memory bank 
made up of read only memories (ROMs), 
and a translator/de-multiplexer to convert 
the output of the clock to Baudot code. 

The digital clock is a straightforward 
application of one of the medium scale 


ADDRESS 00000 00001 00010 00011 00100 00101 00110 00111 01000 01001 01010 01011 01100 

BIT 01234567012345670123456701234567012345670123456701234567012345670123456701234567012345670123456701234567 


I 111 111 1 111 111 111 111 


Fig. L CW message memory for "DE WJHAB." Sending "DE W1HAB" with a blank address before and after the CW message 
requires 13 positions of the 32 position chip. The first bit could have been loaded starting at any address within the 8223. 




The circuit board used for the digital dock. This portion of the project alone is a useful 
accessory to the shack. The seven transistors in the upper right corner are current amplifiers for 
the segment lines, the five transistors on the left and one in the lowering right hand corner are 
the digit select drivers, Moiex pins were used to make up the socket for the CT7001. 


integration chips currently on the market. 
The chip develops all the necessary informa¬ 
tion to indicate both time and date. The 
7001 chip also has a built-in backup 
oscillator that will allow the chip to main¬ 
tain the proper time even if ac power is 
interrupted. A battery supply is needed to 
obtain the necessary operating voltages, 
however. In normal operation this chip 
displays time for 8 seconds then switches to 
date for 2 seconds. Provisions are made 
within the chip to force display of either 
time or date as requested. This is an impor¬ 
tant feature for operation of the DDTMG. 

The clock uses internal circuitry to keep 
track of the month. It also keeps track of 
how many days will need to be counted 
before advancing the month counter. 
February 28 always advances to March 1, 
except the designers of the chip allow 
February 29 to be set manually into the 
counter for leap year. This is only 1 day in 4 
years when manual setting of the clock will 
be required. 

The 7001 chip is designed to drive either 
4 or 6 seven segment LED readouts. The 
first 4 LED readouts indicate hours/minutes 
or months/day. The fifth and sixth digits are 
used in time mode only and indicate 
"seconds." The “seconds” digits are not 
used in the Baudot converter. Information is 
taken from segments A, B, E, F and G to 
feed to the Baudot converter. Signals indi¬ 
cate which digit is being strobed, and are 


required by the de-multiplexer. 

The circuit shown has driver transistors 
on the segment lines to provide additional 
drive to the LEDs. In the first version of the 
clock the LEDs were not bright enough to 
suit me so this slight addition was made. 
This portion of the project can be built as a 
stand-alone electronic clock and would be a 
great addition to most shacks. 

Parallel to Serial Converter 

The function of this unit is to take 
parallel information from the memory bank 
and present it in serial form to the RTTY 
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loop. The basic timing pulses come from a 
U12. This unit has components selected 
to operate at 91 Hz. U20A gates the pulses 
from the generator to a set of frequency 
dividers consisting of U1, U2 and U3. The 
output of U2B and U3 are connected to an 8 
line to 1 line multiplexer, 114. This approach 
was used by K4FUP and W4VWS in their 
message generator I. This circuit will take 
the data presented to the input pins and will 
in sequence place successive bits on the 
output line to be fed to the RTTY loop for 
keying. The speed at which data is fed from 
the multiplexer is selected by section one of 
U9. For RTTY the output pulses are each 22 
ms. For CW mode the two additional 
dividers are inserted in the divider chain by 
the switch action of U9. The speed is 
selected by the control line from the CW 
control latch (U17C and D). Each CW 
element will be 88 ms long. If the printer is 
left in lower case his speed will print a rather 
neat-looking string of Os across the page as 
the CW ID is sent. 

Sections two, three and four of U9 act as 
data switches to the multiplexer, chip U4. 
Their function is to force the start bit of 
each character in RTTY mode to a space, 


and to force the stop bit to a marking 
condition in RTTY mode. In CW mode 
information bits 0, 6 and 7 from the 
memory bus are switched to the multiplexer. 

The circuit is placed in run mode for 
RTTY by actuation of RTTY run latch 
consisting of U17A and B. The start signal 
can be any negative-going pulse that reaches 
a level below 0.8 volts. This can be a switch 
closure as shown, a transistor {NPN) or a 
signal from some external TTL circuit. 

U17C and D are similar to the RTTY run 
latch. Interfaces, similar to the RTTY run 
latch, are used for turn on. This latch when 
turned on will reset the RTTY latch. Pro¬ 
visions are made for resetting of this latch, as 
well as the RTTY latch from an external 
signal. The CW latch being turned on will 
fire the single shot, U5, that will allow a 
pre-wired address to be loaded into the 
memory address counter. This procedure 
will be explained later in the memory 
section. 

The five data bits that represent the 
Baudot characters that are to be sent to the 
serializer, U4, are run through a five pole 
double-throw electronic switch consisting of 



Fig. 3. Digital dock with display. Note: Pins 7, 2, 6, 7, 8, 13 and 14 from each LED readout are connected in parallel. LEDs: 7 
segment, common cathode. SW2 position functions: 1 - set calendar, day; 2-set calendar, month; 3- set dock, minute;4 - 
set dock, hour; 5 — run. 
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ADDRESS DECIMAL 

EQUIV. 

S5 S4 S3 S2 SI 

0 0 0 0 0 0 

0 0 0 0 1 1 

0 0 0 1 0 2 

0 0 0 1 1 3 

0 0 1 0 0 4 

0 0 10 1 5 

0 0 110 6 

0 0 111 7 

0 1 0 0 0 8 

0 10 0 1 9 

0 10 10 10 

0 10 11 11 

0 110 0 12 

0 110 1 13 

0 1110 14 

01111 15 

1 0 0 0 0 16 

1 0 0 0 1 17 

10 0 10 18 

10 0 11 19 

1 0 1 0 0 20 

10 10 1 21 

10 110 22 

10111 23 

1 1 0 0 0 24 

110 0 1 25 

110 10 26 

110 11 27 

1 1 1 0 0 28 

11101 29 

11110 30 

11111 31 


Fig. 4. Addressing sequence for 8223 
memories. 0=0 volts; 1=+S volts. 

U10 and U11 A and B. This switch is 
controlled by U18B, a circuit that recognizes 
if data should be coming from the memory 
or from the digital clock circuitry. More on 
this later. 

Memory Bank 

The memory bank consists of up to 8 
read only memories that can contain up to 
32 RTTY characters in each memory, or a 
CW message. The typical CW ID message 
used for RTTY, consisting of DE and station 
call, takes approximately one half of a 
memory chip. 

The key to any memory system is in 
knowing where data is located. This informa¬ 
tion retrieval scheme is known as 
"addressing." The “addressing” scheme for 
this circuit consists of two 4 bit counters U6 
and U7. U6 and U7A are used to address the 
control lines on the 8223 ROMs. The partic¬ 
ular 8223 that is to be selected is enabled by 
the output of the proper line from U8. This 
circuit converts the binary count of U7B, 
C and D into a one out of eight activated 
line. 

The RTTY message will begin at address 
00000000, the address that is forced into 
the counter at the start of each RTTY 



Inside view of K1ZPX cabinet. The circuit board for the dock is shown 
edgewise toward the front of the cabinet. The main DDTMG board is shown 
supported by a card guide toward the back edge. The vertically mounted 
board toward the rear is the timing board for the UT-4. The sockets above the 
DDTMG are for the other UT-4 boards. Power supply for both units is built 
on a small board fastened to the back of the unit. 


message. The CW message can be loaded at 
any convenient address, preferably at a high 
address in the scheme. That starting address 
of the first character of the CW message is 
“wired” to the input lines of the counter. 
For my generator the CW message is con¬ 
tained in the last chip in the memory bank, 
so starts with address 11100000. To place 
this address into the address counter the 
preload pins of U6, A, B, C, D, U7A are 
“wired" to ground. The preload pins for 
U7B, C and D are “wired" to plus 5 volts 
through a 1 k resistor. When the CW message 
latch is turned on, US fires and loads the 
“wired” address into the counter. The pre¬ 
load pins have been brought to the edge 
connector of the circuit board used for this 
project for ease of wiring and to allow later 
expansion of control circuitry to increase 
the flexibility of this unit. 

The output of the memory bank will be 
used 3 different ways. First, bits 1, 2, 3, 4 


83 








message to be sent. Second, all bits will be The clock segment information is being 

used to encode the CW message; and third, changed at better than 100 kHz for each of 

in RTTY mode when bit 0 is coded as a "1", the digits. To determine when the proper 

the memory will be used as a control digit is available at the output of the 
function generator. Also, if bits 6 and 7 are translator, U22, we need to look at a bit 

"1”s when in the RTTY mode, the generator more of the control circuitry. Again, in the 

will change to CW mode and load the mode of operation when the clock informa- 

"wired” address into the address counter tion is to be sent, the memory bank is being 

indicating the starting address of the CW used as a control memory. As a result, the 

message. When in CW mode the recognition data from the memory that is usually sent to 

of bits 3, 4, 5 and 6 will indicate the end of the serializer is “unhooked" since U18Bhas 

the CW message. These end sequences are detected that we want a digit from the 

recognized by U21 and U15 respectively. clock/calendar. To tell us which character is 

required, bit lines 1, 2, 3 and 4 are used to 
Translator/De-Multiplexer select which clock character will be gated to 

The function of this circuit is to select the latches U14 and U19. Let us see how the 

the proper digit from the digital clock, circuit operates. First, we decide that we 

translate the seven segment code (only five want to “print" digit 1 from the clock. (This 

segments used in the translator) for that is the tens position of the hour or month.) 

digit into RTTY Baudot code, place it into We code bit 0 and bit 1 in the memory as a 

latches and switch it onto the serializer input “1". U20C will now have pin 13 positive, 

lines. Let’s look at what the circuit does to When clock digit 1 (from the digital clock) 

accomplish these functions. To signal the goes positive, indicating the information on 

circuitry that a RTTY character is required the segment lines is the data for digit 1, the 

from the clock, bit 0 in the memory is coded output of U20C goes negative, forcing the 

as a "1”. U18B combines the pluson the bit output of U13 positive and firing the single 

0 line and the RTTY latch being “on” and shot, U30. This “opens" the gate on U14 

forces the switch U10 to take its output and U19 and allows the data that is on the 

from latches U14 and U19. The information . 

that is resident in the latches comes from the -Kelly Associates, P.O. Box 2100, Glenbrook CT 
translator U22. The translator is available 06906. 
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output of U22 to be placed into the latches. To be able to set the last digit of the year 

Once this data is loaded, it is available for for the readout the U16D circuit was added, 

serializing through U4. The other digits are When you want to print out the last digit of 

selected in a similar manner by gates U20D the year, place bit 0 and 5 at a "1” level, 

and U18Cand D. This forces the data to come from latches 

There are two additional sets of circuits U14 and U19. However, bit 5 deactivates the 

that make the interface work properly. First, translator U22. Instead of translating a 

let’s see how we select either time or date. character from the digital clock, all input 

Since digits 1 through 4 can be either time lines to U14 and U19 will go plus. To input 

or date, the select circuits U20C and D and data, the output of U16D is connected to 

U18C and D are used for both outputs. The the bits required to represent the digit 

real trick is to force the clock circuit into required. For 1975 the “5” is coded by 

either time or date mode as required for connecting a diode as shown between the 

your printout. To do this we use a pin on U16D output and the input to the 5 bit 

the clock chip called IN3. If this pin is latch. For next year when a 6 is needed, 

driven plus at digit 3 time, the clock will diodes will be required between bits 1, 3 and 

display time. If driven plus at digit 4 time, 5. The first digit of the year data must be 

the date will be displayed. If you want to coded in the 8223 memory, 

display time, code bit line 6 as a “1”. This The input of the data from the clock is 

line being plus along with clock digit 3 being translated to TTL level signals with a resistor 

plus will gate U11C and its output will go network consisting of a 2.2k resistor in series 

negative. When it does, up goes the input on with a 1 k resistor and taking the signal from 
IN3, and up comes the time. Bit 7 does the the junction. This design is not optimal for 

same thing for date. To keep the clock from the design criteria for TTL logic, but has 

really showing funny numbers during a CW worked very successfully in this circuit, 
message when bits 6 and 7 are used as data The output of the circuit is interfaced to 

bits, Q2 was added to make sure the output the ST6 with a very simple circuit. The 

to IN3 would stay at ground potential. output of U16A is run to an NPN transistor 



INPUTS ABOVE FROM CLOCK DIGITS 


Fig. 6. Translator/demultiplexer. 
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with a 4.7k resistor in series with its base. 
The collector circuit is connected to the base 
of the loop-keying transistor. Works every 
time. 

Power Supply 

The DDTMG requires a power supply 
that can deliver 5 volts at 1 Amp and 200 
mA at 12 to 18 volts. The 5 volts require¬ 
ment is best met by using the very conven¬ 
iently packaged LM309K. Be sure to attach 
the LM309K firmly to the cabinet to aid in 
dissipating the heat from the circuit. A small 
U-shaped fin would also help to keep the 
unit cool. Diodes DX, battery BT and 
resistor R1 in the power supply can be 
eliminated. These components allow the 
clock chip to continue operating should ac 
power fail. The battery will be charged 
whenever the ac power supply is operating. 
It is advisable to check the current flow into 
the battery when fully charged to assure 
yourself that it is not exceeding 1 or 2 mA 
when the nicad batteries have reached full 
charge. Adjust R1 to set this current level. 

Programming the 8223 Memories 

When unprogrammed 8223 ROMs arc 
purchased, all of the outputs will be at a "0" 
level. A small programming fixture as shown 
in Fig. 2 is all that is required to program 
these units. To program the ROMs I use the 


following procedure as outlined in Signetics 
Data Handbook. 

1. Ground pin 8, and remove Vcc from 
pin 16. 

2. Remove all output loads. 

3. Ground the chip enable line, pin 1 5. 

4. Address the location to be pro¬ 
grammed by selecting the address using the 
five SPDT switches. For address 00000 all 
switches will be at the ground level. Address 
00010 would be selected by placing switches 
1, 3, 4 and 5 at the ground level and switch 
2 at the plus 5 volt level. In the addressing 
scheme, bits are addressed from right to left. 
The right most bit represents the least 
significant bit in the address and the left 
most bit represents the most significant 
digit. The table in Fig. 4 shows the sequence 
of addresses and their equivalent decimal 
value. Remember when programming a 
sequence of characters, the order of message 
must start in the least significant position of 
the memory and be located in increasing 
addresses. 

5. Apply plus 12 volts to the pin to be 
programmed through a 390 Ohm resistor. 
One bit is programmed at a time. The bit to 
be programmed is selected by switch 6. This 
technique will be applied only to those pins 
that must be at a "1 ” level at the end of the 
programming process. 

6. Apply plus 12 volts to pin 16 for as 
short a period of time as possible. 



Completed dock. This control unit built by K1ZPX houses the DDTMG, a UT-4, the necessary po 
circuits to select interfaces to several receivers and transmitters. 





Fig. 7. Memory bank. Note: .01 bypass required for every 4 chips between Vcc and GND. U23 through U30 are 8223s In 
parallel, with only one shown. Only pin 15 is connected to separate enable lines. 


7. Verify that the bit has been pro¬ 
grammed by checking the output voltage 
across the Ik resistor with switch 7 in the 
verify position. 

8. Continue to the next bit to be pro¬ 
grammed at this address. When all bits at an 
address have been programmed and verified, 
advance the address and program the bit 
pattern for that address. 

9. If during the verification process, a bit 
has been found to be not programmed, 
repeat steps above. 

This process is quite simple, but requires 
a great degree of attention. One bit in the 
wrong position or address and the chip is 
useless. There is no way of returning a bit to 
the “0” level once it has been programmed. 

If you prefer not to program your own 
chips, Kelly Associates offers the 
service of programming to your specifica¬ 
tions at a very nominal fee. A self-addressed 
note to them will bring convenient forms to 
help you lay out your message. 

To prepare the data to be programmed 
into the memories, we will look at the RTTY 
message differently from the CW message. 
All RTTY information will be contained in 
bit positions 1 through 5. Bits 0, 6 and 7 are 
used as control functions. As a result it is 
important to keep these bits 0, 6 and 7 as 
zeros during the programming operations. 


The bits will be set at the one level for each 
space and at the zero level for each mark. 
The start and stop pulses will not be 
programmed. They are inserted automati¬ 
cally by U9. Any handbook such as "Ham 
RTTY” will show the code required. 

Let’s look at an example. To code the 
letter “A" into the first address of a 
memory, we progress as follows. Select the 
first "address” in the memory. This is 
represented by address 00000. The Baudot 
representation of the letter “A” is 
MARK MARK SPACE SPACE SPACE. 



Fig. 8. Interface to ST-6. 
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Rear view of K1ZPX DDTMG. The push-button and 5 position rotary switch on the left side of the panel is used to set the 
and date on the clock. 


This means that in the memory we want bits following character would be in the selected 
1 through 5 to be set as follows: address: 


bit I bit 2 bit 3 bit 4 bit 5 
0 0 111 


bitO bit 1 bit 2 bit 3 
110 0 


Again, remember bits 0, 6 and 7 will remain 
at 0 level. After completing the "writing" of 
the first character, advance the address to 
00001 and program that character. Continue 
advancing the address switches to complete 
the message. 

Programming of the time and date feature 
requires using the control bits 0, 6 and 7. 
Let’s review what each of these bits controls. 

Bit 0 at the 1 level in RTTY mode 
indicates that the data to be "printed" 
should come from the clock generator 
circuit rather than the memory bank. This is 
accomplished with the switch U10 and U11 
A and B. When bit 0 is programmed to the 1 
level, bits 1, 2, 3 and 4 select which of the 
clock characters are to be printed. Bit 1 
selects the tens position of the month or 
hour — bit 2 at the 1 level selects the units 
position of the month or hour. Bit 3 selects 
the tens position of the day or minute, and 
bit 4 selects the units position of the day or 
minute. Bit 6 programmed at the 1 level will 
force the clock into the clock mode and bit 
7 programmed to the 1 level will force the 
clock to display the date mode. To "print” 
the first digit (tens position of the hour) the 


bit 4 bit 5 bit 6 bit 7 

0 0 10 

To select the digits of the time output, 
successive addresses in the memory would be 
identical to the above line except the 1 in bit 
position 1 would be replaced by A 0, and 
the 1 would be placed successively in posi¬ 
tions 2, 3 and 4. To indicate that a TTY 
message is ended, bits 6 and 7 are both set to 
the 1 output. 

Programming the Memories for CW 

In the CW mode all 8 bits of the memory 
are used in coding the message. The message 
is laid out as shown in Fig. 1. Each Morse 
element is coded as a “1 ”. A dot consists of 
one Morse element, a dash consists of three 
Morse elements. Inter-element spaces require 
one Morse element while inter-character 
elements require three Morse elements. The 
spacing between words is equal to seven 
elements. All spaces are programmed as "0" 
level in the memory. 

The message is started at the address 
chosen for CW message. Bit 0 represents the 
first Morse element I recommend at least 






one address (8 bits) be left at the zero level 
to set off the CW message at the beginning 
and end of message. The first bit of the 
message is placed in the bit 0 position. The 
next element is placed in bit 1 position and 
so on through the memory. When the bit 7 is 
programmed, advance the address one count 
and continue the message starting at bit 0 
for that address. Progress through the entire 
message until the complete CW message is 
programmed. Then allow at least one full 
address as blanks (0) level, then code the end 
of message character. This character consists 
of the 3,4, 5 and 6 bits being coded as 'T's. 

Construction 

The easiest method of construction uses 
the circuit boards available from Kelly 
Associates. The plug-in clock and message 
generator board allow easy building and a 
great deal of flexibility in housing the 
circuitry. The photographs show one 
packaging possibility used by K1ZPX in a 
complete control console for his RTTY 
station. The original circuit was developed 
with hand-wired boards and performed very 
well. Adequate bypassing from Vcc to 
ground is one of the secrets in getting TTL 
logic to work. A .01 uF disk ceramic for 
each 4 TTL circuits is adequate. 

Included in KIZPX’s control box is a 
Hoff designed UT-4, power supplies for both 
units and switching circuits to select up to 3 
transmitters and receivers. There is one 
interconnecting cable to the ST-6 that 
contains all the control signals required for 
both circuits. 

Testing 

First, get the digital clock working. This 
is easy since there is very little circuitry for 
this unit. The message generator board is not 
required for this step. Be sure the voltages 
arc proper to the clock. Check out each 
switch setting to be able to set the time and 
date and watch it operate. The seconds 
should reset to “00” when the time is 
selected for setting. When the setting switch 
is placed in the run position, this counter 
should begin counting. When the count 
reaches 8, the chip should switch to date 
mode. After two seconds in this mode, back 
comes the time and the seconds counter 
should now begin counting at 10. Just one 
word of caution, the clock chip is very 
sensitive to static discharges. Don’t solder on 
the circuit board or its interconnections with 
the chip in the circuit. Take it out and place 
it in its shipping pad to act as a discharge 
preventer. Also use a socket for the chip. 

After the clock is working, remove the 
clock board from its socket and insert the 
message generator board into its socket. 
With power applied, check the output of the 
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Fig. 9. Power supply, with back up power for clock. 


U12 clock and set its frequency at 91 Hz. A 
counter is best for this, but a scope will do 
using 60 Hz as a reference sipial. Place the 
CW memory in its assigned location. This 
location will be consistent with the address 
“wired” into the address counter preload. 
The RTTY memory must be plugged into 
the first position on the memory bank. 
Pressing the CW start switch should force the 
address wired into the preload into the 
address counters U6 and U7. The counter 
should advance and the CW message should 
appear at the output pin. When the message 
is complete, the reset character, bits 3, 4, 5 
and 6 at the “1 ” level will reset the CW latch 
(U17 C and D) off. 










Circuit board for the DDT MG. The pot on the upper right sets the basic timing tor all circuit 
operations. Eight sets of molex pins are used to make the memories plugable across the bottom 
of the circuit card. 


When this circuit is working, it is time to 
try the RTTY message. With the digital 
clock removed, the RTTY message should 
print with blanks in the place of the time 
and date digits. When the end of the TTY 
message is reached, the TTY reset character 
will force the CW latch on and the CW 
message will be sent 

When the above circuits are checked out, 
it is time to check out the time/date 
de-multiplexer. First, using jumper wires, tie 
the clock digit lines to plus 12 volts. Then 
select the following clock segment lines and 
tic them to plus 12 volts. The digit shown 
should appear: 


Seg A 

Seg B 

SegE 

Seg F 

Seg G 

Number 

1 

1 

1 

1 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

1 

2 

1 

1 

0 

0 

1 

3 

0 

1 

0 

1 

1 

4 

1 

0 

0 

1 

1 

5 

1 

0 

1 

1 

1 

6 

1 

1 

0 

0 

0 

7 . 

1 

1 

1 

1 

1 

8 

1 

1 

0 

1 

1 

9 


When all of these tests are completed, shut 
down power and plug in the clock. When 
power is first applied, the clock will indicate 
all 8s. Try the message generator in RTTY 
mode and see that the 8s print properly. 
When they do, go ahead and set the correct 
time and date in the clock. Pressing the 
RTTY start switch should give you that 
desired message we all wanted when we 
started the project. Out will come the time 
and date, providing the programming of the 
chip was correct. 

This circuit has been operating for about 
8 months now without a circuit failure. It 
has really been handy to use with the relay 
and WRU system at W1HAB. With an 
external programmer the unit becomes a 
very versatile unit to send up to 8 different 
messages at the touch of a button. 

Special thanks are due to WA1DQL, who 
provided the motivation to do the design, to 
K1ZPX, who checked out the prototype, 
and also to K2USG, for the photographic 
work. ■ 
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The Solder Master 



F or contemporary assembly projects I 
use popular, screw-in element and tip 
soldering irons which, with tweezers and 
magnifying lenses, are tools of the micro¬ 
component age. Frequently I use two irons 
at the same time — a 50 Watt heavy duty for 
large joints and a tiny tiplet for compacted 
PC boards. Frustration is maintaining both 
irons at proper temperature. The big 
element, left idle for any time, toasts its 
solder tinning and threatens self-destruction, 
requiring unplugging. The tiplet dissipates 
heat too fast for more than one connection, 
involving impatient recovery time. 

At the aerospace plant where I do my 
thing, our young ladies at each assembly 



station have neat, solid state soldering iron 
control units with voltmeters for adjusting 
desired element temperature. Just what I 
needed. 1 checked the price of these com¬ 
mercial units with our purchasing depart¬ 
ment. Following a brief respite in the first 
aid station, I regained my composure and 
applied some ham thinking for a better 
solution. 

The el cheapo answer was the commonly 
available “light dimmer,” rated at 600 Watts 
and solid state at that. Lucky I had one in 
the junk box that would tame the heavy 
duty iron. But while lowering the voltage, 
why not also boost it briefly to help the 
tiplet along? A 24 V, 2 Amp filament 
transformer solved this. 

The photos show how the major items 
were squeezed into a 5” x 3" x 3” aluminum 
utility box with two outlet sockets, in the 
initial version. An available miniature meter 
(yes, the dial does say "RF") was pressed 
into service, modified with bridge rectifier 
and series resistor to read zero to 1.0, for 
reference. This worked great, but had some 
inadequacies such as how to control the 
irons separately, which was soon taken care 
of with a few more parts. 

The schematic gives the final story, which 
included adding three small toggle switches 
not apparent in the photos. I also splurged 
on a new meter of the same size, reading 
0-150 V ac. The transformer primary and 
secondary windings were connected in series 
to make an auto-transformer, having 
checked proper polarity connection so that 
with 110 V ac across the primary, 130 V ac 
was measured across the combined windings. 
The "dimmer” control adjusts line voltage to 
the primary so that regulated output to the 
sockets can be varied from 0 to 130 V ac 
with the front panel knob. S2 and S3, 
miniature single pole, triple throw (center 
position OFF) toggle switches, were installed 
right below the meter, in line with their 
respective sockets. These allow either socket 
to be switched to regulated or line voltage, 
or "off,” independently. SI was rather 
gilding the lily in switching the meter to read 
regulated supply, or double as a line voltage 
monitor. This miniature SPST switch was 
located immediately to the left of the meter. 
Due to the pulsating waveform output from 
the dimmer control, voltmeter readings are 
not really accurate rms, but close enough for 
reference adjustment. 

Now I keep the larger iron happy idling at 
70 V, while using the small one switched to 
"line” - or switch it off temporarily, while 
boosting voltage to the tiplet to solder 
multiple joints. Start up time is reduced by 
briefly applying full 130 volts, but boost 
voltage (over 110 V) should be kept to the 


minimum to avoid premature element fail¬ 
ure. And when the XYL sounds chow call, 
both irons can be left idling at approxi¬ 
mately 60 V, for fast reheat upon return. 

The neon pilot light, being connected across 
the regulated voltage, extinguishes at about 
this control setting. If you set the control 
where the pilot is flickering, this is just right 
for keeping the irons warm. 

Note I finally use a three wire power line When the XYL sounds 

input to provide ground to the metal case. chow call, both irons can 

This is not only a desirable safety feature, be left idling .. . 
but also provides shielding for noise spikes 
emitted from the dimmer control. Should 
you use grounded tip irons, you will also 
want to substitute 3-prong outlet sockets 
rather than the 2-prong types. 

You may also find some other handy 
applications for this voltage controller 
around the shack — but don't exceed the 
transformer wattage rating by plugging in 
the coffee pot. I had most of the parts on 
hand. If all parts are bought new - and 
dimmer controls which retail for around 
$5.00 can be found on sale for as low as 
$2.98 - the total cost even in this age of 
inflation should not exceed $15.00. 

One last warning. The push switch built 
into the dimmer control serves to turn the 
regulated supply on and off. But, while 
plugged in, the unit will furnish voltage to 
the sockets when cither S2 or S3 is switched 
to line. Inadvertently leaving the irons on is 
avoided by leaving S2 and S3 at center 
position OFF when not in use. 

Anyway, shutting off the main bench 
safety switch, which controls all outlets, is 
double protection. You do have a main 
safety switch in your shack, don’t you? ■ 



Internal view. 
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Stack Your ICs 


by 

Maj. Robt. M. Harkey (Ret.) W4CUG 
1204 Dooley Drive 
Charlotte NC 28212 


A s unlikely as it may seem, one disad¬ 
vantage that the experimenter has 
when using and designing with integrated 
circuits is coping with redundancy. As an 
example, when designing/constructing a 
scries of redundant circuits from ICs such as 
frequency dividers for the timebase of a 
counter, the layout of the circuit board 
becomes a formidable task. As far as I’m 
concerned, anything that can be done to 
simplify board layout is well worthwhile - 
and therein is the purpose of this article. 

A very basic block diagram consisting of a 
divider circuit for counting down a 10 MHz 
crystal oscillator to 1 Hz is shown in Fig. 1. 


Since in this case there is no requirement for 
reset of the dividers, the circuit boils down 
to only four connections: plus 5 volts, 
ground, input and output. Now if you'll 
look at a typical counter circuit board, 
you'll realize the complex circuit board that 
it lakes to achieve the desired four connec¬ 
tions. So the question is: How do we 
integrate the integrated circuits? I think I 
have one solution. 

Using the most common decade divider, 
the 7490, the solution is relatively simple: 
You just stack the ICs one on top of the 
other, make the necessary 1C to 1C connec¬ 
tions, and pot the entire stack of ICs with a 




And Pot ’Em 


few external leads sticking out. Sounds 
good, doesn't it? But the “doubting 
Thomases” among you probably think there 
are a few catches — and there are. First and 
probably the greatest danger is the possi¬ 
bility of one of the 7490s becoming defec¬ 
tive and thus ruining the usefulness of the 
entire stack. Based upon my experience, this 
is highly unlikely if care is taken with the 
supply voltages. The 5 volt supply should be 
well regulated and in no case should the 
supply voltage be reversed to the 1C stack. 
Although I have gotten away with this a few 
times with individual ICs, the usual result is 
destruction of the 1C. Another consideration 
is heat dissipation. The 7490s run relatively 
cool in normal operation, and so far I’ve 
experienced no difficulty with stacking and 
potting seven of them. The potting material 
obviously helps with the heat dissipation, 
but to be absolutely sure, you could include 
a heat sink or fins when potting the stack. 
The last consideration for the stacking 
process is how to make the many inter¬ 
connections to seven 7490s stacked in a 
group which is no more than 1 % inches high. 
Very simple task with the 7490. Referring to 
the 7490 pin connections in Table 1, you 
will note that pins 2, 4, 6, 8, 9 and 13 
require no interconnections. Also, the 
following pins can be directly intercon¬ 
nected between all ICs and constitute a 
ground connection for the entire stack: pins 
3, 7 and 10. Thus the only indirect 1C to 1C 
connection that must be made is between 
pins 1 and 12 to connect the inputs and 
outputs together. In addition, pins 11 and 
14 must be connected on each 1C to tie the 
divide by 2 and divide by 5 sections 
together. (This method provides a symme¬ 
trical output from each 1C.) So, if you’re 
still with me, let’s stack two 7490s step by 
step; stacking any number can then be 
accomplished by repeatedly following these 
steps. 

On each 1C to be stacked, bend pins 2, 4, 
6, 8, 9 and 13 straight out and cut them off 


flush. This action deletes unneeded pins and 
permits more room for other connections. 
Bend pins 11 and 14 in and flush up against 
the bottom of the 1C body. Using a small 
piece of hookup wire, connect pins 11 and 
14 together and carefully solder the connec¬ 
tions. Now bend pins 1 and 12 straight out 
and cut off the tip ends of the pins. At this 
point, you should have 2 pins bent under the 
1C and connected (11 and 14), 2 pins bent 
out from the 1C (1 and 12), 6 pins cut off 
(2, 4, 6, 8, 9 and 13), and 4 pins remaining 
in their original position (3, 5, 7 and 10). 
Now stack IC2 on top of 1C I. On IC2, pins 
3, 3, 7 and 10 should slide down smoothly 
over these same pins on IC1. Solder (care¬ 
fully) pin 3 on IC2 to pin 3 on IC1 and do 
the same for pins 5, 7 and 10. Assuming now 
that the bottom IC1 is to be the input 
divider, use a small piece of hookup wire to 
connect pin 12 on IC1 to pin 1 on IC2. 
Using the foregoing procedures, continue to 
stack IC3 on top of IC2, IC4 on top of IC3, 
etc., until you have the desired number of 
dividers connected together. After you’ve 
finished the last 1C, connect pins 3, 7 and 10 
together with hookup wire. This connection 
is the ground point for the entire stack. 
Recheck the stack for shorted pins, solder 
bridges, poor solder connections, etc. 
Extend pin connections out the side or 



Fig. 1. Typical gate generation circuit divider for a frequency counter. With 
no reset requirements, only four connections are required to the decade 
divider circuit — in, out, +5 vdit and ground. Note: Fora 1 Hz count gate one 
additional divide by 2 stage is required. 





Pin 1 — Divide by 5 input 

2 - "0" reset 

3 - "0" reset 

4 — No connection 

5 — +5 volt 

6 - "9" reset 

7 - "9" reset 


8 - BCD output "C" 

9 - BCD output "B" 

10 — Ground 

11 - Divide by 5 output (BCD "D") 

12 - Divide by 2 output (BCD "A") 
13- No connection 

14 — Divide by 2 input 


Table 7. Pin connections for a 7490 decade divider. Note that the "0" and 
"9" reset functions have duplicate pins and only one pin is required to 
achieve a reset. Also, for countdown circuits, the BCD "C" and "B" pins are 
not required, 


bottom of the stack using small pieces of 
solid hookup wire. As many connections can 
be made as you want, up to 16 (for a 
standard 16 pin DIP socket). In my case, I 
brought out the input (pin 1 of IC1), plus 5 
volt line (pin 5 of all ICs), ground (pins 3, 7 
and 10 of all ICs) and the outputs (pin 12 of 
IC5 and pin 12 of IC4), Two outputs were 
brought out in case I wanted to change the 
clock frequency. After you've made the pin 
connections, form them to fit into an 1C 
socket, cut them off about one inch below 
the stack and plug them into a socket to 
hold their shape during the potting pro¬ 
cedure. Now, and most important, make a 
sketch of the base diagram of your stack! 


Connect the stack to a square wave oscillator 
and check operation of the entire chain. 
After satisfactory checkout, place the stack 
upside down in some convenient, small 
container which has been lined with plastic 
sheet, tape or similar material. Level the 
container and pour it full of a potting 
material. I used a two part epoxy for this 
purpose and found that it works well. After 
the potting material has set up thoroughly, 
remove the outer container with a knife and 
clean up the exterior of your potted 1C 
stack. The pins can then be trimmed to a 
convenient length and you're ready to plug 
in your integrated integrated circuit into a 
much simplified circuit board. My stack is 
1” x 1” x 1 14 ” and occupies a very small 
space on the circuit board. 

This sounds like a rather lengthy process, 
but after stacking one set of ICs, it becomes 
very easy and quick. I’m sure the 1C manu¬ 
facturers have comparable circuitry in one 
1C now but the price is probably high. With 
the price of 7490s now in the 154 area on 
the surplus market, this is a very inexpensive 
method of making circuit boards smaller and 
simpler. ■ 



This is the completed potting job. The potting material is dear and internal connections 
between the ICs can be seen. The pins are ready for trimming to final size prior to insertion into 
an 1C socket or printed circuit board. 




Build This $ 5 Timer 


by 

P. C. Walton VE3FEZ 
421 Lodor Street 
Ancaster, Ontario, Canada 


D o you have a TV in your bedroom? 

Have you ever fallen asleep and left it 
on? Or even worse just find yourself falling 
asleep and remember that you have to get up 
and turn it off? This versatile timer will turn 
the TV off from periods of three minutes 
after you have gone to sleep to periods up to 
about one hour. You can build this timer in 
one evening for a total cost of about $5 even 
if you have to buy all new components. The 
circuit I used, shown in Fig. 1, takes 
advantage of a new integrated circuit from 
the Signetics Company called the NE555. 
The NE555 is a very stable monolithic 
timing circuit in the form of an 8-pin dual in 
line package. It is currently selling for $1 
from most suppliers. 

The NES5S is capable of time delays 
from a few microseconds up to several 
hours. These delay periods are dependent on 
an external RC network consisting of one 
resistor and capacitor. 

Very basically the 1C is made up of a 
voltage comparator circuit, one leg of which 
is connected to a reference voltage which in 
our case is the power supply output voltage. 
The other leg of the voltage comparator is 
connected to the external RC network. 
When the capacitor has charged to a voltage 
equal to the reference voltage the compar¬ 
ator will toggle a flip flop connected to its 
output The ON level of this flip flop is used 
to turn on a driver circuit which picks up 
our time delay relay. This is a very basic 
description of a fairly complex 1C. If you 
require a better explanation of the internal 
working you can obtain one by writing to 
the Signetics people and requesting a data 
sheet. 

The relay I used was an IRC MR312 C 
with a coil resistance of 2120. Almost any 
12V relay will do the job as long as it does 
not draw more than 200mA from the output 
of the NE555 which is rated at 200mA. The 
RC network is a lOOjqF capacitor in series 
with a 5MHz linear pot and a 1MHz resistor. 
These values with the power supply that I 
used gave time delays of 3 minutes at the 


low resistance end of the pot and 58 minutes 
at the high resistance end. 

You may have to experiment a little bit 
to get the exact time delay range that you 
require. This is due to possible differences in 
power supply voltage and components. You 
could even switch in different values of R 
and C with a rotary switch to give you 
several different time delay ranges. The 
power supply is just an old 6V filament 
transformer that was in the junk box and a 
full wave rectifier and filter capacitor. Parts 
layout is not at all critical and the whole 
unit can be kept very small. I built mine on a 
scrap piece of perfboard about 5.08W x 
7.62cmL (2”W x 3”L). The completed 
circuit board is mounted in a standard 
minibox using a three wire power cord for 
safety. On the front of the box is just a 
standard 110V three wire receptacle, the pot 
for setting the time delay period and the 
pushbutton to start the timer. The time 
delay pot was calibrated using an ordinary 
clock and a lot of patience. ■ 
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A $ 50 Self- Powered Counter 


by 

Jim Huffman WA7SCB 
PO Box 357 
Provo UT 84601 


T o you this may look like another 
construction article. "A pretty neat 
little counter,” you’ll say. “Think I’ll build 
one.” Little will you know how long it took 
me, and how much sweat is in one factor 
cost. I love to get the cost on a project as 
low as possible through judicious shopping. 
It is my dream to offer all kinds of 
low-priced amateur gear . .. again! Some 
guys, like VHF Engineering, seem to be out 
to help the amateur by keeping the 
‘‘amateur” in amateur radio. Others, 
however, look to me like they are out to 
soak the ham, right along with the CBer, 
consumer and anyone else who wants one of 
what they’ve got. I have written a bunch of 



articles for 73, and all of them are on good 
inexpensive items that I think can put the 
“fun” back in amateurism. This article is one 
of my greatest achievements — the pinnacle 
of savings! I take great pride in 
accomplishing what I have done here. A 
6-digit (that reads out to a full 8-digit 
capacity) counter, portable, hand-held, 
sensitive, rugged, LED readouts, requires no 
test equipment to build, and more, all for 
just a little over $50! 

Costs are sliced down to an absolute 
minimum by cutting all the frills. For 
instance, many counters advertise no-flicker, 
or non-blinking readout. I am proud to 
announce that this one blinks, but you can 
only see it on the lowest reading scale, when 
you are reading signals to 1 Hz. The rest of 
the time the digits blink for 1 ms, and when 
was the last time you could see a 1 ms blink? 
Most hams will use the MHz and kHz scales 
most of the time anyway so the “blink” will 
be for 10 us and 1 ms respectively. And, 
when you are showing the XYL or neighbor 
your latest creation, show ’em on the Hz 
range so they will be impressed by the 
blinking, counting readouts! 

While cutting out the non-blinking 
feature does save some money, the greatest 
saver is cutting out 3 of the 6 digits! I know, 
you are wondering how it is that we get a 
6-digit counter with 3 of the digits missing. 
At current prices, dropping 3 unnecessary 
digits saves nearly $25. Even at TW5 a 3 
DCU costs $18. So if you can liberate an 
extra $18 for this project, you can have all 6 
digits! But it is all the more fun to drop 3 
digits, build the unit in halt the width, and 
shift the readouts around to get a look at 8 
digits of the incoming signal. Even in a 
6-digit counter you have to shift the range 
switch around to get readout of say a 14.85 
MHz signal to the nearest 1 Hz! With the 
Handi-Counter you have just one more shift 
to get the same capability with only 3 digits! 

The basic “brains” for the counter come 
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from a kit available from TWS Labs. So 
order a digital dial kit from TWS Labs, PO 
Box 357, Provo UT 84601 for $45.95. When 
you order the digital dial, you get the same 
stuff you would get if you order the 
individual kit (a 3 DCU and a timebase), but 
you get a free ac power supply in addition. 
In fact, you can power your unit from this 
supply if you don’t want to add nicads like 
in this version of the Handi-Counter. Or you 
can keep the power supply and have a good 
source of fairly well regulated 5 V dc for 
your workbench. The fact that the basic 
counter comes in kit form makes this project 
all the easier. All you need to do is make 
some very simple modifications to the kit, 
add the digit switching circuit and a couple 
of extra circuits on perfboard, and walla! 
Instant 3x6 digit counter! 

Operation 

Let’s look at how you use the unit before 
you build it. Actually, the principle of 
operation is so simple that it is a wonder 
someone didn't think of it before (maybe 
someone did ... better check my back issues 
of QST). You can see from the photo that 
there are several front panel controls. First is 
the on/off switch, simple enough function 
there. Second is the MHz/kHz selector (both 
these switches come with the kit); this one 
selects timebases, and does some decimal 
point selection. We could have labeled it 
Hz/kHz like its 6-digit brothers; it would 
only have required putting the decimal 
points in some other places that were not 
convenient (and cheap) with this kit. 

The third switch, the one in the middle of 
the panel, we can call the “display selector” 
switch. This one comes from your corner 
Radio Shack and is p/n 275-405, a 4 PDT 
switch that currently is priced at 69£ Other 
than the box and batteries, this is the only 
expenditure that is not available in a kit. 
You could have a complete counter that 
would only read to 100 Hz so far. You 
either add my famous circuits shown in the 
article, or buy another kit from TWS Labs 
for the 1 Hz capability. 

Back to the 4 PDT switch. It is used to 
select which 3 digits of the 6 available digits 
are viewed at any one time. When you throw 
the switch to the left, you sec the left most 
significant digits and to the right, you see 
the 3 right most significant. The decimal 
point jumps around every time to keep you 
thinking straight. Fig. 1 shows how it works. 
For an example, we used a forty meter signal 
that is actually 7,224,362 Hz. This is how 
the counter sees it: Note the placement of 
the decimal point; also note that in kHz left 
and MHz right, the readout is the same, but 
the decimal point is shifted. That is because, 
if you look at the original signal you can see 



MHz POSITION KHz POSITION 

SWITCH POSITIONS 


Fig. 1. Here is how the digital display in the Handi-Counter shows the eight 
complete digits in this forty meter signal. You simply move the digital display 
around and "look" at different portions of the signal at selected times. 

that there are: 7.2 MHz, .224 MHz or 224 
kHz (see, the readout means the same thing), 
and finally .362 kHz. That last 0.362 kHz is 
the same as 362 Hz, but would demand 
another timebase switch position, so we 
merely switch a decimal point and call it a 
fraction of a kHz. 

Suppose you hook the sensitive input 
circuit of the counter to an oscillator you 
built the other day. You want a look at the 
output frequency of the oscillator. Maybe 
you see 21.8 on the MHz left setup; that 
means the oscillator is running at 21.8 MHz. 

If you were only interested in roughly 
knowing the MHz range of the oscillator, 
you would stop right there. If you wanted 
the kHz range you would leave the display 
left, and throw the timebase selector to kHz. 

That would give you a frequency check to 
the nearest kHz. Suppose you wanted 
further accuracy, or to know how much it 


TIMEBASE 



Fig. 2 This is the block diagram of the unit showing some of the switching 
that is accomplished with only two switches in the unit, a DPDT that comes 
with the timebase kit and an "added" 4 PDT. 
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Building the counter is 
really not hard - collect 
all the parts, do the layout 
of the front panel, and 
finally, mount the pieces 
in the box ... 



The first step in putting the thing in the box is mounting the front panel. Note the input circuit 
mounted on the switch. Later, the wires were extended so the input circuit could be mounted 
in the cavity formed by the irregular battery mounting. 


drifts; then flip to the right digit display 
(still in kHz) and read out in Hz. You can 
see the flexibility of the whole thing! It’s 
unreal! You have. 3 digits in a lot smaller 
package, for a lot less cost and you are 
reading a 21 MHz signal out to eight places! 
Oh, the miracle of electronics... 

Fig. 2 is the block diagram of the counter 
and this will help you understand what is 
going on in there. The easiest process takes 
place in the kHz position. Here, the timebase 
selector and display selector switches choose 
to provide a one second (right) or a 1 ms 
(left) signal. This is high-accuracy stuff with 
the timebase being divided by a million to 
get the one second clock; any errors or drift 
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Fig. 3. Schematic diagram of the input circuit used with the Handi-Counter. 


in the timebase oscillator (already 
crystal-controlled) are divided by the million 
too. At the very beginning of the count time 
(1 sec or 1 ms), the timebase gives a reset 
pulse that starts the counter stages at 000. 
Then the counter merely counts the input 
pulses that occur during the selected time 
period. On the kHz left position, for 
example, the counter is cleared and enabled 
for one second. When counting a 60 Hz line 
input, the counter would start to flash (the 
part that will impress the average observer) 
until the end of the counting cycle when it 
will sit there displaying .060 kHz, or 60 Hz. 

When the display selector switch is 
pushed left, we apply a 1 ms gating signal to 
the counters and count the events that occur 
in 1 ms, or in other words, we count kHz. A 
30 kHz signal will show up as 030. Note that 
there is no decimal point; there is no need, 
as the timebase selector is in the kHz 
position so it reads out as a whole number, 
not a decimal fraction. From the block 
diagram, when one switches to the MHz 
range, the clock now comes from 1 ms and 
10 us. The 10 us clock is fed to the counter 
circuits in the "MHz left" position and 
merely allows the counter stages to count 
for 10 us. On this scale, the chance for error 
from the 1 MHz crystal is greater and the 
fact that the timebase is crystal-controlled 
becomes the greatest asset. At the 10 us 
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point the clock signal is only divided by ten. 
With 10 us gating the counter can count up 
to 99.9 MHz; in real life the limit is imposed 
by the fact that the counter circuits will 
only operate to 30-40 MHz without a 
prescaler. Since most prescalers divide the 
display by ten, you will display MHz on all 
three digits, so the decimal point can be left 
out. 

It is probably a good idea to explain why 
there is a different reset circuit than the one 
with the kit. The reset circuit with the kit is 
designed to give high accuracy with fast 
input signals and operate at a 10 ms and 1 
ms gating output. While the kit’s reset is 
more accurate than the "extra one" built for 
the Handi-Counter, it causes some problems 
while running at slow speeds. The reset 
actually resets a couple of clock pulses 
before the gating signal enables the counter. 
That works great at 1 ms and 10 ms and 
means that you are not depending on the 
characteristics of the input impedance of a 
gate and some resistors and capacitors for 
your reset pulse; the pulse is clock 
controlled. The trouble comes when the 
clock is one second. The strobe circuit 
causes the counter to sample the input signal 
every second and a half or so and you can 
extend it to a few seconds by increasing the 
size of the timing capacitor in the 
unijunction oscillator circuit. Well, at one 
second clock speed, the counter resets to 
000, waits a couple of clock pulses 
(seconds), then enables the counter stage 
and the stages count the input signal. After 
the one second counting period, it is time 



Fig. 4. Schematic diagram of the divide by 100, one second extender circuit. 
This circuit allows the counter to took at signals in the hundreds of cycles 
range and provides readout to 1 Hz. 

for another sample and the display resets 
again. The result is you don’t have the 
display lit long enough with the number to 
even read it. You may choose to merely 
extend the sample time by putting more 
capacitance in parallel with the timing 
capacitor (33 uF) in the unijunction circuit 
that comes with the kit, or you may use the 
reset circuit shown here. 

The reset circuit built for the 
Handi-Counter works like this: When the 
enable signal goes active to allow the counter 
to count the input signal, a very fast RC 
differentiating network creates a narrow 
spike that resets the stages. You can see that 
since this spike occurs because of the enable 
signal, it actually resets the circuits when 
they are supposed to be counting. This is no 
real problem at slow speeds, but at higher 



this photo shows the details of the piece of 3" x 5” file card, reinforced as mentioned in the 
text. This card insulates the timebase and the 3 DCU. 



This shows how the timebase board is mounted. Note that there are no components at the top 
of the board. The top of the board is reserved for the power supply parts which are not used 
with the battery supply. 


speeds, if the reset pulse is very wide, it can 
knock off a pulse or two and give an 
inaccurate reading. For the 10 us signal 
knocking a few pulses off can throw the 
MHz readout way off. In most counters that 
use this method, they merely adjust the 
clock signal so that the counters are enabled 
a little longer, but few of those counters use 
a gating signal of only 10 us, so that’s why 
we have the two reset signals. 

The counter input amplifier shown is 
pretty sensitive. Although I never measured 
the sensitivity, it works well just picking rf 
up with a little wire antenna. Its major 
problem is that you can blow the FET 
pretty easily. So be careful about input 
signals. 

To calibrate the counter you can use a 
known accurate signal, or beat the oscillator 
against WWV. I prefer the first method 
because there are some pretty whacky beat 
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notes because of the frequency division and 
some are only a hundred Hz away from the 
main signal. 

Construction 

Building the counter is really not hard. 
Obviously, the first step is to collect all the 
parts, then do the layout of the front panel 
of the case, and finally, mount the pieces in 
the box. You can use any box for your 
counter; I wanted the hand-held size and 
battery power so I obtained a 2!4” x 3" x 6" 
black box from a local supplier and tried 
almost in vain to paint on some kind of trim. 
If you can obtain one of these, get one with 
an aluminum front panel — it is easier to 
paint, cut and work, than the phenolic one 
that I bought. From all the photos, you can 
sec how and where I put the switches. The 
key to switch mounting is to keep the 
switches out of the way of the 3 DCU and 
timebase circuit boards. These photos do not 
show the input jack and the sensitivity 
control; I mounted them on top of the case 
later. You will probably want a jack for 
charging your nicads without removing the 
cover from the box. If you decide to make 
your unit non-batlery-powered, you will still 
have a lot of room in a box this size because 
all the power supply components mount on 
the top of the timebase PC board, and the 
transformer is small enough to sit on the 
bottom of the case. 


Fig. 5. Reset generator schematic. This added circuit provides a reset for the Mounting Batteries 

counter in the low speed (I H/) readout position. The bottom of my box wasn’t flat; it had 
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some design raised in there, presumably to 
add strength. This was a problem in 
mounting the batteries and I ended up being 
able to get only one bolt through each 
holder and that only thumb tight. That only 
allows the batteries to stay in place, and 
offers very little strength against dropping, 
etc. You can see how the batteries are 
mounted from the photos. They are 
mounted to leave a "cavity” so the crystal, 
which sticks into the case pretty far, has 
room to keep from getting crushed. This 
cavity also makes a convenient place to put 
the three external circuit boards. 

The battery mounting bolt leads stick out 
of the bottom of the case to mess up the 
effect of the little “feet” on the box. It is 
easy enough to glue flat grommets to the 
bottom, with the hole over the bolt heads 
for better feet than were on the box in the 
first place. Note: Later experiments showed 
that it is easier to buy a plastic 4-C cell 
holder and use it. The holder mounts in a 
smaller space than the individual cell holders 
and there is plenty of room for the crystal 
and external circuits. An added benefit is 
that the holder is cheaper than four of the 
individual units. 

Building the Circuits 

It is easy to build the kits; all the 
instructions are included. Trim leads very 
close to the PC boards. While the kit 
instructions do not stress this, we are going 
to mount the PC boards back-to-back under 
some pressure and we don’t want any extra 
long or sharp leads sticking out of the 
boards. I recommend you even trim the 
leads on the crystal.They don’t mention it in 
the kit, but it helps in sandwiching the 
boards closer together. Also take care in 
running the external wires on the board. 
They should be laid out so that they do not 
cross any pins or leads on the back of the 
board. Under pressure, these can puncture 
the insulation on the wires and cause a short. 
If you are using a different physical 
approach and have plenty of depth in your 
box, use the mounting method described 
with the kits and you eliminate many of the 
aforementioned problems. 

Building the Input Circuit 

The input circuit is built on a phenolic 
board, although you can make a tiny PC 
board for it if you want. Or, if space is at a 
premium, you can get the timebase extender 
board that comes in kit form from TWS; it is 
roughly 2” x 3” and has all three of the 
external circuits right on the one board. You 
can see the layout of the input circuit in the 
photos that show the inside of the box. In 
the photos it was mounted near the input 



Fig. 6. Major power hookups and input circuit hookup. Note the nicad 
charging circuit. With a power supply (charger) plugged in, the nicads will 
charge when the unit is off. You may wish to allow them to charge at all 
times. If you use the power supply supplied with TWS's kit, you turn the unit 
on and off by cutting the ac from the ac cord to the transformer input. 

selector switch, while in the final version, 
longer wires were added and it fit in the 
cavity formed by the batteries, and near the 
input level control and input jack. Make sure 
your wires are long enough to put it where 
you need it. There is enough hookup wire 
with the kit for most installations. After the 
circuit is built, put some tape on the bottom 
of the board so the circuit will not touch the 
battery holders or the other circuits that are 
stuffed along with it in the battery cavity. 

Fig. 3 is the schematic of the input circuit. 

Divide by 100, Extender Circuit 

The 10 ms clock from the kit drives this 



Fig. 7. Decimal point wiring diagram. 
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Fig. 8. Reset circuit hookup to the timebase and 3 DCU boards. 


circuit shown in Fig. 4. The output of the 
divide by 100 circuit is one second clock 
used in the timebase generator to make the 
one second enable signal for the counter. 
The circuit is very simple, and consists only 
of two decade dividers in series. There is a 
photo of the perfboard layout for your 
reference. 

Reset Generator 

The reset generator is very simple; it 
consists of the RC network and a 7400 gate 
used as an inverter. Fig. S is the schematic of 
the circuit. The output of the gate is a 
normal logic 0. When the sample signal 
comes along (actually the inverse of the 
signal called the "blanking" signal with the 
kit), it causes a positive pulse output and 
resets the counter stages. Because of the 
nature of this reset, as mentioned before, it 
is best not to use it (use “kHz left") when 
looking at very fast signals. On slower 


signals, there will be no difference in reading 
between this and the “MHz right" readings. 

Interconnecting the Circuits 

Fig. 6 shows the major interconnections 
and the hookup of the input circuit. First 
mount the 3 DCU counting and display unit 
on the front panel as shown in the photo, 
then run the power and interconnections as 
given in Fig. 6. Run 1 inch wires from the 
terminals on the 3 DCU card; these will 
connect later to the switch and the timebase 
board.Run the decimal point wiring to the 
switches on the front panel as shown in Fig. 
7. 

Fig. 8 shows how to connect the reset 
circuit to the timebase and 3 DCU boards. 
Fig. 9 shows the hookup for the 
interconnecting wiring that does the 
timebase switching, including the divide by 
100 circuit. 

When the wiring is completed, put an 
insulating card (a piece of 3” x 5" file card 
works great) between the 3 DCU and the 
timebase card as shown in the photos. First 
mount the whole thing up and tighten down 
the mounting bolts. Then take the thing 
apart again and inspect the piece of card for 
punctures where a wire from the circuit 
board was too long or too sharp. Trim the 
faulty wires or pins, reinforce the card with 
a black electrical tape strip around the 
puncture (if any), add another layer of 
insulating card, and remount the boards. 

Put in the batteries, drop the input 
circuit, divide by 100 and the reset circuit 
boards in the cavity. Oh, and don’t forget to 
install the input jack and pot. Wire the 
power connections to the batteries, and let 
’er rip! The displays should light. 

Checkout 

When power is applied, the readouts may 
show any number reading at all. This is 



This is the perf board-mounted reset circuit. 

136 


The divide by 700 circuit — it provides a one second dock for 
the Handi-Counter. 






normal. After a second or two, and the 
oscillator is running and all the circuits 
“settle,” the random numbers should clear. 
The display should flash "000.” Now you 
are ready to use your counter and look for 
all manner of signal around the shack. Make 
sure the thing resets in all switch positions 
and you can tell if your new reset circuit is 
working okay. 


Points to Remember 

The unit will only run for a couple of 
hours from fully charged nicads, so don't 
leave it sitting around "power on” unless 
you are using it. The crystal oscillator is 
extremely stable and will work with little or 
no warm-up so don't worry about leaving 
the power on. Build a nicad charger 1 ' 2 and 
keep the nicads fresh. Some will want a 
trickle charger that will always keep the unit 
“ready to go.” You may want to build up 
the power supply external to the unit, let it 
trickle the nicads (there is 8 V unregulated 
in there), and use it for operating around the 
shack. You can also use cigarette lighter 
power by using a suitable dropping resistor. 
For that purpose, it is possible to use the 
regulator circuit and either positive or 
negative ground 12 volts. Instructions for 
mobiling come with the kit. Your resistor 
value will be different because of the extra 
current and IR drop caused by the added 
circuits. 

This is one of the handiest pieces of test 
gear I have. And it cost very little, is very 
“state of the art” and requires no test 
equipment to build. I hope you enjoy 




TIMEBASE BOARD 


n_n 


LEFT ^ RIGHT (P/0 4PDT) 
RIGHT o \ ^ HZ _ 


' MHz (P/0 DPDT) 


* LEFT (P/0 4PDT) 


Fig. 9. Timebase switching diagram. Note that 1 ms is used on both MHz right 
and kHz left. The difference is the decimal point, and the source of reset 
pulse. (See other figures for details.) 

building and using the Handi-Counter with 
its 3 x 6 digits and eight digit capability. ■ 
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Here is how. the board is mounted on the front panel, just snug the nuts on the mounting bolts 
down enough to hold the 3 DCU board in place and let the front of the readouts and ICs hold 
the pressure against the front panel. 
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How to Become a 
Troubleshooting Wizard 


by 

Joseph J. Carr K4IPV 
225 North Glebe Road 
Arlington VA 22203 





I n times past just about every amateur 
acquired, if only out of sheer necessity, 
some degree of troubleshooting acumen. Of 
course, it might be argued that rigs of those 
bygone days were a lot less sophisticated 
than rigs of today. Is that single fact really 
good reason for the seeming decline in 
general amateur troubleshooting ability? I 
think not. It is contended here that anyone 
with a knowledge of theory deep enough to 
pass the General class license examination 
can make a reasonably good attempt at 
troubleshooting. Of course, years of 
experience are needed to make a commercial 
troubleshooter but we are only concerned 
with maintaining the usual ham’s station 
equipment and not how many high 
technology transmitters or receivers he can 
fix per day or week. 

Crux of the Problem 

Lack of familiarity and zero technique 
are two reasons why, to many, 
troubleshooting is troublesome. Consider a 
case in point. I have a friend who bought a 
"near-new” condition Novice CW transmitter 
for a song ($5) because the now-General 
former owner found out (after the new 
license arrived) that it wouldn’t work on 20 
meters. He even knew what the main 
symptom showed - no grid drive to the final 
on 20 meters. All other bands worked fine. 
My buddy, mind you, was not an 
experienced troubleshooter at that time. He 
was merely a thoughtful teenaged amateur. 
He reasoned that a loss of drive on any single 
band in a standard simple MOPA transmitter 
had to be either an open coil (on that band) 
or some defect in the band switch. In this 
case the wire on the band switch that went 
to the 20 meter tap on the grid tank coil was 
not soldered properly! This little story 
points out one main thing that will allow 
successful troubleshooting: Think out the 
problem ahead of time with schematic in 
hand, to ascertain all possible causes. 

Test Equipment Needed 

After working in a lot of service shops, I 
have grown weary of the fellows who use the 
excuse that they could “fix it themselves if 
only they had the equipment.” While a 
bench loaded with expensive laboratory 
grade test equipment is desirable, it is not 
strictly necessary for most troubleshooting. 
Sure, if you were in the business of 
providing electronic service for a profit, it 
would be a justified purchase because of the 
time savings on each job. The average 
amateur, though, only wants to get back on 
the air without having to wait weeks for a 
repair shop’s turnaround time to elapse. 

What constitutes “necessary" equipment? 
Consider, first, that the most valuable and 
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Fig. 1. Schematic of an rf demodulator probe for voltmeter or oscilloscope. 


versatile piece of “test equipment" is already 
in your possession: your head! The mind can 
only function, however, when given a data 
input concerning the problem to be solved. 
For this we need our learned observations 
about the performance of the rig vis-a-vis the 
defect and some basic measurements, many 
of which can be taken with low cost or even 
simple home brew instruments. 

Most basic in the troubleshooter's arsenal 
of instruments is some sort of multimeter. 
I prefer the traditional Volt-Ohm- 
Milliammeter (VOM) over the Vacuum Tube 
Voltmeter (VTVM) in those cases where 
money or other considerations dictate that 
only one instrument be purchased. It is wise 
to purchase an instrument with a sensitivity 
of at least 20,000 Ohms/volt (higher if 
possible). There are at least three reasons for 
this preference: portability, existence of a 
current range and insensitivity to rf fields. 
Many of the modern FET voltmeters fill the 
bill in the first two requirements (often 
better than the classic VOM) but most sadly 
fail in the third: They will read in error 
around rf fields such as exist in your 
transmitter. 

The classic VOM will have ac and dc 
voltage scales, at least one current range 
(usually more) and at least one resistance 


Years of experience are 
needed to make a 
commercial 
troubleshooter, but we 
are only concerned 
with maintaining the 
usual ham’s station 
equipment... 



Fig. 2. 1000 Hertz square wave generator produces harmonics useful for 
signal tracing from audio to several MHz. 
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range. As is usual, the more you can pay for different procedures and that the signal 
a VOM the more features and ranges you can generator requirements are vastly different, 

expect. You can extend the dc voltage scale Commercial servicers have little trouble 

of most instruments well into the kilovolt justifying a kilobuck signal generator for 

range by the use of an external high voltage alignment purposes. They need the superior 

probe of the type which has a built-in short term stability and a high quality 

divider network. It is also possible to get at attenuator; you don't. A “service grade” 

least a relative rf level indication through the signal generator will be a very useful tool in 

use of a demodulator probe such as that ham troubleshooting. These are not up to 

shown in Fig. 1. Most manufacturers the lab grade types in performance but they 

offering such probes claim operation well can be had for less than a month’s rent on 

into VHF. the big gens! 

The VOM is one of those "every ham A crude form of signal generator useful 

should have ...” instruments. Another in for troubleshooting is shown in Fig. 2. This 

that category is the dip oscillator called is a square wave generator operating at about 

One main thing that will “grid-", "base-”, "gate-” or “tunnel-dipper” 1000 Hz. Such circuits are widely used in 

allow successful trouble- depending upon design. These instruments the service industry because they can help 

shooting: Think out the have an incredibly varied range of pin point a dead stage in moments. These 

problem ahead of time applications around a ham shack. They can “instruments” generate the fundamental 

with schematic in hand, to be used to find the resonant points in tuned square wave and a boat load of harmonics 

ascertain all possible circuits, antennas and so forth. They can that can be used out to several MHz. In most 

causes ... also be pressed into service as an absorption amateur work this means that we can "quick 

wavemeter, oscillating detector or check" the audio, i-f and rf (on 160 to 

impromptu signal generator. Best of all, they maybe 40 meters). 

are simple to build and are low cost Your crystal calibrator may also suffice as 

regardless of whether obtained in kit form or a troubleshooting signal generator. In Fig. 3, 
built from scratch. we have a circuit that can be home brewed 

In many troubleshooting procedures it from low cost TTL digital ICs. Although the 

might prove desirable to use a controlled, possible choices of output frequency are 

locally generated substitute signal. These are limited in this case you can obtain almost 

best supplied by a signal generator. Of any frequency by correct choice of oscillator 

course, a lab-grade instrument is the crystal and/or division ratio. If zeroed 

preferred type. It must be noted that many against a frequency standard such as WWV, 

high grade signal generators are available on this circuit can serve as an accurate method 

the used and/or surplus markets. While it for frequency measurement. It can also be 

might be “nice” to own a fine signal source, used as a regular signal generator or as a type 

a more modest instrument will suffice for of device shown in Fig. 2. In those latter 

fixing the rig. It is necessary to keep in mind applications it would be wise to provide an 

that "troubleshooting” and “alignment” are attenuator. 



Fig. 3. Schematic of a TTL crystal calibrator. 












The "screwdriver techni¬ 
cian” is the bane of pro¬ 
fessional servicers every¬ 
where ... 


Fig. 6. Troubleshooting tree useful for finding a good jumping off point for troubleshooting 
specific defects. 


able to supply manuals indefinitely; get 
yours now. 

One significant aid in troubleshooting is 
the block diagram. It is especially useful in 
rigs such as transceivers where a single stage 
might have different functions. An example 
of a block diagram, this one from the 
popular HW-101, is shown as Fig. 5. You can 
often cut the work of troubleshooting in 
half by doing a "desk check” of the service 
manual and block diagram before reaching 
for instruments to do the “bench check.” 
Note that many of the stages, shown here in 
dotted lines, are common to both transmit 
and receive functions. Although there are 
exceptions, you can usually overlook these 
stages when a defect affects only one 
function or the other. 

The element of logic in troubleshooting 
should be almost an a priori truth (despite 
the philosophers who say that such cannot 
exist!). After all, if the set is dead (no lamps 
or tube filaments lit) is it wise to worry 
about, say, the beat frequency oscillator? 
Fig. 6 shows what is affectionately called a 
“troubleshooting tree.” Although this is not 
offered as a universal approach you can 
often at least get onto the right track by its 
use; it is intended only to be a "point of 
departure guide.” 

Two terms pop up a dozen times in any 
servicing literature: signal tracing and signal 
injection. They are basically methods for 
locating a dead or otherwise defective stage. 
Before beginning one of these procedures, 
however, make certain preliminary 
observations. For example, can you hear 
noise in the speaker as you rotate the 
volume control? If so, the cause of the dead 
condition is probably PRIOR to the volume 
control. What about dirty contact noise as 
you rotate the selectivity switch? This 
usually means that the fault is prior to that 
point. Band switch noise (again, as you 


change bands) could mean a fault in the rf or 
a dead local oscillator. What about the level 
of "background" hiss (you know, as if you 
were tuned to a dead band)? High noise 
levels may tend to indicate troubles in the rf 
amplifier or antenna circuit. Here is one 
point where your calibrator is useful. Note 
how high the "S-meter" reads when the set 
is working normally. When a defect occurs, 
turn on the calibrator and see if it is lower. 
If not, suspect the antenna or feedline. 
These observations are of the sort that can 
save an awful lot of time. Most pros use 
them all day long even when unaware; it is 
the source of their supposed professional 
“intuition.” 

The process of signal tracing involves 
injecting a known and controlled signal at 
the input to a chain of stages, then looking 
for it at the outputs of successive stages with 
a demodulator equipment signal tracer (high 
gain audio amplifier with a fancy name!) or 
oscilloscope. When you find the defective 
stage, you can then use the VOM or VTVM 
to locate the bad part. In some cases, you 
might want to inject an appropriate signal at 
the antenna terminals while in others it 
might be better to inject another sort of 
signal at the input of the i-f strip. 

Signal injection is a similar process. In 
this method you start at the output and 
inject an appropriate signal into the inputs 
of successive stages until you find one which 
no longer is capable of producing an output. 
In signal injection you begin at the output 
and work toward the input, while in signal 
tracing just the opposite situation obtains. In 
either event the procedure can usually be 
expected to ferret out the defective stage. 
Once found it is usually a simple matter to 
dig out the voltmeter and determine which 
component is at fault. Be sure not to 
overlook the obvious fault such as a bad 
tube or a loose connection. Once again, the 
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Fig. 7. Preventative maintenance tree. 


observant are usually a bit more successful. 

When troubleshooting transmitters, you 
can use a demodulator probe to find relative 
rf levels on the ’scope or VOM. It is usually 
better, though, to read the dc voltage 
developed by the grid leak bias often used in 
transmitter stages. This voltage will be 
proportional to the rf level delivered by the 
preceding stage. This system works so well 
that it is the basis for the Motorola "test 
set” popular with FMers who run surplus 
commercial Motorola mobile equipment. 

Alignment 

The most exasperating mark of the 
neophyte troubleshooter is a wild “diddle 
stick” (alignment tool). It is a pretty good 
rule to assume that alignment points 
NEVER shift enough to cause a gross fault 
in the receiver, especially a sudden fault. The 
only real exception is the local oscillator. 
Even in that "sometimes” case there are 
other methods (i.e., measure the frequency) 
for determining its condition. One telling 
thing that shows whether or not the stage is 
actually oscillating is to measure either the 
grid bias or the voltage drop across the 
emitter resistor as the set is tuned through 
the range (or in the case of crystal oscillators 
remove the rock). This will cause the bias to 
change suddenly for crystal pulling or 
smoothly in VFO type circuits. DO NOT 
EVER touch an internal alignment point 
without good reason, proper equipment and 
a knowledge of what it is that you are doing. 
You can diddle stick a decent set (that really 


only needed a small component) to death! 
This is why the “screwdriver technician” is 
the bane of professional servicers 
everywhere. 

Preventative Maintenance 

There are a number of little tasks which 
will keep your rig in top shape for a lot of 
years. These generally fall under the heading 
of “preventative maintenance” - see Fig. 7. 
One task would be to check all tubes on a 
periodic basis, say every six months or 
maybe once a year. Replace those which arc 
defective or grossly weak. Some advocate 
doing a voltage check at critical points 
throughout the circuit especially in the 
power supply. It is recommended that you 
clean the inside of the rig, including all 
circuitry, with a paint brush and a mild 
solvent where needed. Use a switch/control 
(also called "tuner") cleaner spray on all 
band switches, function switches and 
controls. Clean capacitor and rotary switch 
bearings and relubricate using a white grease 
such as “ Lubriplate.” "Peaking up" 
alignment is NOT part of this procedure 
unless you can perform factory-level service. 
Even in that case it should not be obligatory 
except every few years. I know it sounds like 
harping, but alignment is simply not all that 
common a problem. In fact, after fifteen 
years of experience, I can only remember a 
couple of cases where alignment was 
genuinely needed (except where somebody 
played) and these were new and in-warranty 
sets! ■ 


A number of little tasks 
which will keep your rig in 
top shape for a lot of years 
fall under the heading of 
"preventative mainten¬ 
ance” ... 
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Module Kits- 
A Low Cost 


by 

G. R. Allen W1HCI 
80 Farmstead Lane 
Windsor CT 06095 
and 

Bob Brown W2EDN 
93 Gilmore Avenue 
Binghamton NY 13901 


Homebrewing 

Breakthrough 


W ith the high rate of inflation, it is 
more and more difficult for the 
average ham to afford a factory wired piece 
of gear for the VHF bands. For that reason, 
the authors have developed a modular 


approach to building a VHF transceiver for 
the 144 MHz or 220 MHz bands. By using a 
modular approach, the builder is not 
required to lay out a large chunk of cash just 
to get on the air. The builder may build a 





Fig. h RX 144 C schematic. 


simple, basic transceiver and then add 
expansion modules and options as needs and 
finances dictate. Because of the fact that this 
modular approach requires the experimenter 
to build his own units, the experimenter will 
gain knowledge and knowhow and thus be 
able to maintain his own equipment should 
problems develop. 

The transceiver described in this article 
may be built for either the 144 MHz or 220 
MHz bands and will compare favorably to 
commercially wired units. The basic 
transceiver consists of a transmitter and a 
receiver operating as single channel units, 
and can be built for less than $100. Simple 
modules, such as multi-channel decks, 
channel scanner, and power amplifier, may 
be added to the basic transceiver to form a 
medium power, multi-channel, scanning 
transceiver for a cost well less than the 
commercially wired equivalent. The 
assembled transceiver may be operated on 
either 144 MHz or 220 MHz, depending on 
the kits purchased, and may be used in a 
breadboard fashion or mounted in a home 
brew or commercially available case. The 
builder may plan to construct the basic 
transceiver initially in order to get on the air 
for a minimum cost. At any time in the 
future the expansion modules may be added 
to multi-channel and/or provide higher 
power. 

The units described in this article are 
designed primarily for 144 MHz and 220 
MHz. The builder, however, will not be 
limited to these two bands in the near 
future. Currently, VHF Engineering has 
receiver modules available for 6 meters and 
is working on a 6 meter transmitter module. 
UHF 450 MHz transmitter and receiver 
modules have just become available. 

It is impossible in a short article to give 
every construction detail required to exactly 
duplicate the transceiver described in the 
article. For that reason, basic schematics are 
provided for reference purposes only. 
Complete construction and debugging details 
are provided with the kits. Should the 


experimenter wish to build his transceiver 
from scratch, he may obtain boards and/or 
schematics and construction details from 
VHF Engineering for a nominal charge. 

The Receiver 

The VHF Engineering receiver kit used in 
this article is an RX 144/220 C. It may be 
used either on 144 MHz or 220 MHz merely 
by changing the coils on the front end rf 
board and by making a few minor 
component substitutions. The receiver draws 
60 mA squelched and uses integrated 
circuitry exclusively except for the rf board. 
Sensitivity is .3 uV for 20 dB quieting for 
140-170 MHz and .5 uV for 220-230 MHz. 
The receiver is dual conversion and is 
supplied with a 10.7 MHz 2 pole filter 
producing a 6 dB bandwidth of ± 10 kHz. 
The receiver will produce two Watts average 
audio output into a 4 to 16 Ohm speaker. 
The front end of the receiver uses a dual gate 
MOSFET for low susceptibility to 
intermodulation. The receiver kit is very 
easy to assemble, taking about 10 hours for 
the average builder. Alignment is done by 
using a signal generator, an rf probe, and a 
high impedance voltmeter (all borrowed, of 
course). Complete construction and 
alignment instructions are given with the kit. 

Receiver Multi-Channel Option 

The basic receiver is a single channel unit. 
It may be used as a single channel unit until 
such time as interest and finances lead to the 
desire for additional channels. When 
additional channels are required, the receiver 
can be multi-channeled simply by adding the 
VHF Engineering CD-I multi-channel deck. 

The CD-I consists of a 10 channel deck 
complete with circuit board, sockets for the 
crystals, diodes, resistors and capacitors. 
Receiver channel switching is accomplished 
with a diode switching arrangement to 
permit manual switching of channels and 
automatic switching using the ten channel 
scanner. The completed 10 channel deck is 
plugged directly into the receiver as shown 
in Fig. 2. This receiver multi-channel kit is a 


By using a modular 
approach, the builder is 
not required to lay out a 
large chunk of cash just to 
get on the air... 
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Fig. 2. Receiver multi-channel option. Note: Switch is part of transmitter 
multi<hannel option. 


versatile unit and may be used with most 
transceivers using crystals in the 45 MHz 
range. 

Scanner Option 

A channel scanner is a gadget extremely 
valuable to a true FM enthusiast, as it 
permits the operator to sequentially search 
selected channels for activity. All receiver 
channels are scanned automatically in 
sequence to see if a signal is present. If a 
signal is found, the scanner locks on the 
signal and remains on that channel as long as 
activity is present. 

The circuit consists of a simple 
multi-vibrator operating into a decade 


counter and a decimal decoder. The output 
of the decimal decoder drives LED lights to 
indicate the channel being scanned. 
Switching diodes on the CD-I multi-channel 
board are used to switch the crystals in and 
out of the circuit. A carrier operated relay 
connection is made to the receiver board to 
stop the multi-vibrator when activity is 
found on a channel. The circuit is easily 
defeated if manual override is desired. Either 
manual operation or automatic operation 
may be used. 

The Transmitter 

The transmitter is a true frequency 
modulated unit using crystals in the 12 MHz 
or 18 MHz range. It has an output of 1 Watt 
on 220 MHz and better than 1 Watt on 144 
MHz. The only difference between the 220 
MHz and the 144 MHz versions is the 
number of turns on the various coils. It is 
very simple to construct and may be tuned 
up by using a homemade rf probe and a 
small #12 bulb. Construction time is about 
Vh hours. 

Transmitter Multi-Channel Option 

The basic transmitter is a single channel 
unit. While a single channel unit may be 
sufficient under some circumstances, the 
builder will very quickly require additional 
channels. The multi-channel option for use 
with the transmitter consists of a board, 
crystal sockets, and crystal trimmer 
capacitors needed to give the basic 
transmitter 10 channel transmit capability. 
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A multi-deck switch is provided for 
switching both the transmit and receive 
channels simultaneously. This unit is simple 
to build and may be constructed in about 20 
minutes. Installation is shown in Fig. 5. 

Power Amplifier 

While one Watt may not seem like a lot of 
power, it is sufficient in most cases when the 
operator is using a repeater. In cases where 
direct operation is desired or where 
difficulty is encountered in hitting a specific 
repeater, a power amplifier may be desirable. 

Two power amplifier options are available 
for the builder. Either the PA1501H or 
PA250IH may be used, depending on 


whether the operator prefers 15 W or 25 W. 
For the ten dollars difference in the price of 
the kit, I prefer the 25 W power amplifier. 
(Note that, for 220 MHz, only the 15 W 
amplifier is available.) 

Both power amplifiers use two transistors 
in a broadly tuned common emitter 
configuration. Ratings on both units are 
conservative and the builder will most likely 
get appreciably more power out than the 
ratings indicate. 

The Power Supply 

A power supply is not needed for 12 V 
mobile operation, of course; however, it is a 
requirement for fixed station operation. 



It’s just poor practice with 
solid state equipment to 
give it the smoke test as a 
unit. Test everything 
individually to save time 
and trouble ... 






Fig. 5. Transmitter multi-channel option. Note: See Fig. 3 for receiver 
connections. 

While an old car battery with charger may be 
used to supply the power for the transceiver, 
this is messy and inconvenient. The power 
supply used to power this transceiver (when 
used as a base) was the VHF Engineering 
model PS-12. It is rated at 12 Amps for 13.6 
volts, which handles the transceiver and the 
25 Watt power amplifier very comfortably. 
The power supply consists of a 550 voltage 
regulator chip driving two 2N3055 pass 
transistors. 

Construction (See Photos) 

A case with dimensions 9” x 7!4” x 2 Va" 
was used to house all modules. The size of 
the case is not critical, but the modules 
won’t fit easily in anything smaller. The 
receiver and transmitter are mounted flat on 
the chassis as shown, using small standoffs to 
keep the boards off the chassis. The channel 
scanner is mounted vertically between the 
transmitter and the receiver. The power 
amplifier and transmit receive relay are 
mounted on the back panel along with the 
coax connector, the heat sink for the two 
power amplifier transistors and a small hole 
for the power leads. The multi-channel decks 
are mounted up front, with the switch shaft 


This transceiver is very 
rugged, and requires no 
special operating 
precautions other than 
keeping it out of the rain 
and away from direct 
lightning hits ... 


going through the front panel. The squelch 
and volume controls, the LED channel 
indicators, and a 2 W x 4” speaker are 
mounted on the front panel. 

Before mounting the completed modules 
in the case, it is important to thoroughly test 
each individual unit to ascertain that it has 
been wired correctly. It is just poor practice 
with solid state equipment to give it the 
smoke test as a unit. It is better to test 
everything individually to save time and 
trouble. Note that good instructions for test 
and debugging are provided with all kits. 

Hookup 

Interconnection of all components to 
make a complete transceiver is very simple as 
shown in Fig. 6. Number 14 stranded or 
solid wire or equivalent may be used for all 
power wiring. Good quality coaxial cable 
should be used for all rf wiring. Small 
diameter RG74/U may be used from the 
antenna relay to the receiver, while RG58/U 
may be used for the connections to the 
transmitter and the power amplifier. The 
relay used may be any double pole, double 
throw 12 V relay which will fit in the case 
you have selected. Contacts should be able 
to handle at least 3 Amps at 12 V and 25 
Watts of rf at 148 MHz. VHF Engineering 
can supply this relay if you cannot obtain 
one locally. 

A simple high pass filter consisting of a 
22k resistor and a .022 uF capacitor in 
parallel is used in the microphone input to 
give better high frequency response for the 
transmit audio. Any 600 Ohm dynamic 
microphone may be used with the 
transceiver. 

Operation and Performance 

Several of the units as pictured in the 
photos have been used in the Binghamton, 
N.Y. area for quite some time now. The 



Fig. 6. Basic transceiver connections. Note: Relay may be any 12 V DPDT relay. 
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units have good audio on both transmit and 
receive and are virtually trouble free. 
Receiver sensitivity and selectivity are 
excellent when compared to most pre-wired 
commercially available units on the market. 
The transceiver is very rugged and requires 
no special operating precautions other than 
to keep it out of the rain and away from 
direct lightning hits. 

If you ever check into the .22/.82 
repeater in Binghamton, N.Y., the chances 
are good that you will work someone using a 
transceiver made from VHF Engineering 
products, and possibly one of the 
transceivers in the photos. Because of the 


Parts Lists and Board Layouts 

Space does not permit th 
I layouts. To obtain parts li 
j instructions, send $5.95 to: 

VHF Engineering 
320 Water St. 

Binghamton NY 13902 

:e lists for boards and complete kits are available on request. 


simple modular approach and reasonable 
cost, you will also find a growing number of 
similar transceivers in use from coast to 
coast across the country. ■ 



MODEL 4X6C 

50 HZ-250 MHZ ‘270.00 


300 and 500 MHZ PRESCALERS 
FREQUENCY STANDARDS 
MARKER and PEAKING GENERATORS 
POWER SUPPLIES AMPLIFIERS 
WRITE FOR FREE CATALOG 


405-273-9024 

K-ENTERPRISES 


Info-Tech 

Morse 

Keyboard 


FEATURES 

Variable speeds from 8 to 35 wpm. 
Adjustable weight. 64 character running 
memory with buffer full indicator. Both 
grid block and cathode keying. Adjust¬ 
able gain side tone monitor. Can store 64 
characters for delayed transmission. 
Includes the following special keys: BK, 
BT, AR, SK, CQ, and DE. Key rollover to 
avoid missed characters. Full one year 
warranty and best of all . . . only S239.50 
delivered in the cont. USA. 

Send for data sheet for additional information. 


Hatch for lnfo-Ted 


w family of d 
. RTTY keyb. 


Info-Tech 

20 Worthington, Maryland Heights, MO « 


Isolated - Pad — Drill - M 


i-l. 


j 73. p-19. OST. May 73. p 44, D 

AVsTAHLER Co 

j PO BOX 3S4 CUPERTIHO, CAir 9SOM 408-25 


FAST SCAN AMATEUR TELEVISION 

EQUIPMENT 


• broadcast quality performance *solid state 


a 


AM-1 A RCVR MODEM 


<^>Aptron Laboratories 

Box 323 Bloomington IN 47401 


149 







1Q7R ? n " ual 

ICr / «l index 


amplifiers 

(See Surplus) 

The T-278/U Surplus Gem 12m amp).K0DAS 108 May 

From Burner for Six (pwramp).WB4DBB 115 Jun 


More Fun with the 1C 230 ..WA6VJR 

Guide to 2M FM Transceivers.73 Magazine 

Updating the Pocket Mate .WB4DBB 

An SMeter for your Swan 250.WB4DBB 


ANTENNAS 

Sixteen Log Periodics.W4AE0 

MultiBand Antennas Without Tracks.W2EEY 

Pete's Dipole .WA4NWM 

The Double Inverted VEE .VK6IZ 

Simple. Short 160M Antenna.W2NYU 

Mystery of Antenna Radiation.VE3DDS 

40M Inverted Vee Beam.WA70ET 

City Dwellers' MultiBand Antenna.W4ATE 

Invisible Antenna Problems.WA8BHR 

6 dB at 450 MHz Vertical.W5GDQ 

Small Loop 40M Antenna .W0PJG 

Secret of Antenna Gain .K20AW 

Twinlead Phased Array.WB2NQT 

18" All Band Antenna.W0KGI 

SOM Phased Array .W20ZH 

The 5/16 Wave Antenna.K3VNR 

A 2M Collinear.K4N0C 

15 Meter Quad on 20M .W2EEY 

Two Metering a Hustler .W3HTF 

The $2 Amplifier Antenna.W8DYF 

El Cheapo Superbeam .WA6NLQ 

You Can Work 75M DX (Beam).WA6CPP 

Three on Fifteen .WA5CNG 

Build an 11 dB Coatrack .WB0DQC and WB0HKB 

Gee, What's a Zepp?.W3WLX 

Vertical Antennas for the Novice. W8HXR 

Really Zap Oscar with this Helical I.WB4VXP 

Antennas for Oscar - What Really Works?.W3HUC 

So You Want Front to Back Ratio? .K7PVZ 

How To Compact Multiband Dipoles.VE3GSP 

The Oscar Zapper II.WB4VXP 

40M DX Antennas The Easy Way.W8HXR 

The Oscar Zapper 111 .WB4VXP 

The Sensuous Tuned Lunch Box .W2FEZ 

Feedl.ne Primer .WA1SNG 

ATV 

Master Sync Generator.W0LMD 

ATV on 450 with a T44. WA4EMO 

Breakthru in Fast Scan ATV (HR440I.WB4YTU 

AUDIO 

Bargain Audio Frequency Source.WA2CXD 


97 Mar 
126 Mar 
95 Mar 
91 Mar 


81 Mar 
72 Mar 
69 Mar 
61 Mar 
58 Mar 
33 Mar 
39 Mar 
47 Mar 
49 Mar 
52 Mar 
117 Apr 
111 Apr 
105 Apr 
96 Apr 
71 Apr 
31 May 
101 May 
123 Jun 



BO Aug 
12 Aug 
78 Sept 
83 Sept 
52 Nov 


96 Jul 
143 Sept 
37 Nov 


CB 

A Visit to the CB Store .VE3FEZ 129 Jul 

Don’t Feed the Bears (jargon) .. "Michigan Radio Doctor" 92 Aug 


CLOCKS 

The Wonderful Mini Chronometer.W2AOO 95 Aug 

Digital Clock Time Bases .W2AOO 114 Oct 


COMMERCIAL EQUIPMENT 


SV-110A Mod .WA0ABI 

SB 102 Mod.K9WQY 

Heath SB 102 Mods.WA2KHK 

Swan Beam Antennas.WB6PDN 

Review of 1C 30A.WA5WWH 


96 Feb 
90 Feb 


66 Mar 
127 Apr 


COMPUTERS 

Computers Are Here - Are You Ready? .W2NSD/1 40 Oct 

Say OM, Are You a Computer? .W2IAT 109 Oct 

Computers are for Hamsl.WA1PAZ 145 Nov 


CONSTRUCTION 

Another Etching Technique ..Anderton 143 Mar 

RF Feedback, The Experimenter's Curse.K1CLL 36 Aug 

Copper Rip-Off (PC) .W7SHY/6 69 Aug 

Introducing the Opdesk.W8LWS 129 Oct 

Strobing Displays is Cool .WB4DCV 49 Nov 

Instant Circuits.WB5DEP 133 Nov 


CONTROL 

Eight Function Repeater Controller.W3JJU 46 Apr 

COUNTERS 

Latest K20AW Counter Update.WB2UKP 30 May 

The Calculating Counter.Johnson 22 Sept 

Strobing Displays is Cool .WB4DCV 49 Nov 


CW 

Key on Transmit Circuit.WA5KPG 

Automated CW.DJ0HZ 

A Case for CW .W0FEV 

Full Break in at 60 wpm?.WB60MT 

DIGITAL 

How Gates Work .WB2NEL 

Modern Non Morse Codes .K8BFH/1 

The Best Logic Yet (TTL) .WB5IRY 

060 MHz Synthesizer I .Calvin 

0-60 MHz Synthesizer II .Calvin 

Digital Logic - Down through the Months.W80DWV 

K20AW Synthesizer PROM oted.W7JSW 

Flip Flops Exposed .WB2NEL 


DX 

Me Friend..W7IDF 

Ham Radio in the Arctic - 1925 .Douglas 

Rare DX Via Oscar?.W1FTX 


FAX 

Using the WU Desk Fax.K7QXL 

Faxing SSTV .K6IGC 

A Satellite Fax System You can Build I .WB8DQT 

A Satellite Fax System You can Build 11 .WB8DQT 


FM 


Frequency Decoder Using TTL .W9CGI 

Build Your Own Repeater .W1HCI 

FM vs AM: Which is Better?.VE3DNR 

The 5/16 Wave Antenna.K3VNR 

8 Function Repeater Controller. ... W3JJU 

WR3ABC Story . K3BEQ 

The S2 Amplifier Antenna.W8DYF 

TR22C Preamp.WB4SNC 


129 Feb 
115 Feb 
97 Jun 
97 Sept 


113 Jul 

73 Aug 
145 Sept 
50 Oct 
87 Oct 
138 Nov 
30 Nov 


14 Jun 
103 Jul 
18 Jul 


25 Jan 
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Scanning With a Synthesizer. WA0AQO 23 Apr 

A 2M Collinear.K4N0C 111 Apr 

Two Metering a Hustler .W3HTF 96 Apr 

Can Split-Split Channels Work? .WA6ITF 101 Apr 

S50 2MHT.WA5RON 17 Apr 

Updating the Pocket Mate.WB4DBB 97 May 

Guide to 2M FM Transceivers.73 Magazine 120 May 

The Minirepeater . WB4DBB 55 Jun 

Adapting Telephone Handsets to FM Transceivers WA8LEM 137 Sept 

K20AW Synthesizer PROM-oted.W7JSW 13B Nov 

Predicting Third Order Intermod.WA20KZ 95 Nov 


How You can take Oscar's Temperature.W3HUC 57 Jul 

Shoot Oscar With a Satellabe.K2ZRO 33 Jul 

OSCILLATORS 

An Accessory VFO the Easy Way.Staff 103 Aug 

0 60 MHz Synthesizer I .Calvin 145 Sept 

060 MHz Synthesizer II.Calvin 50 Oct 

An Even Simpler Clock Osc.Wade 164 Nov 

PHOTOGRAPHY 

How to Put on a Professional Slide Show.WA3AJR 155 Jun 


GADGETS 

Measuring Heating Oil Usage .K20AW 

Now What have I Done?.VE3FEZ 

Display Yourself in a Big Way .W4LLR 

HISTORY 
(See DX) 

Ham Radio in the Arctic - 1925 .Douglas 

A True Tale of the Faked Fist .W4ZBE 

Looking Back - Looking Ahead .WA6ITF 

Caught "Spying" by the Gestapo.W1BNN 

HUMOR 

The Unofficial Standard Standard .W7IDF 

Extraterrestrial Repeater .WB6IQS 

Know This Man? .WB4UAN 

Rime of Ancient FMer.K1NUN 

Tit for Tat and Others .W4ATE 

Eskimo Pie.W1BNN 

Catenary Suspense.W1BNN 

Odd Problems with an Old Antenna.W7JTP 

Fast Dive on Five (Assault by Battery).W1BNN 


KEYERS 

Super Key .W6GXN 

QRP Accu Keyer.WA5KPG 


MISC 

Keep Amateur Radio A Secret .... 

Joys of One Night Stand . 

Phoenix PR . 

Lost Art of Diplomacy. 

Introducing CARF - Canada. 

Mobile Slow Scan .. 

Getting Your Canadian License 
How to Become a Famous Author .. 

The Smart Alarm. 

An Intimate Look at 160 Meters .. 
Do Textbooks Prevent Learning? ... 
Underground Radio is Dirty Business 
Atlanta 1975 (convention). 


MOBILE 

Theft: How Not to Lose.W9KXJ 

Mobile Slow Scan.W2NSD/1 

Attache Case Mobile.W3WTO 


OSCAR 

Oscaring your FM Rig .. WA4VUH 

Oscar - A Certificate Hunter's Paradise.K2QBW 

Where's Oscar?.W3HUC 

Antennas for Oscar - What Really Works?.W3HUC 

Rare DX Via Oscar?.W1FTX 

An Oscar Preamp that Works Wonders.W3TMZ 

Oscar RTTY Converter.K9PVW and K9HUI 


POWER SUPPLY 

9 Volt Supply from 12 Volt Battery .Circuits 136 

Ni-Cads ExposS .WB6JPI 511 

AC Power for the HW-202 .W2AOO 79 

A Hefty 12 Volt Supply.Anderton 85 

Protect Your Gear with a Latching Relay.Ives 93 

Preventing Regulator Carnage.Anderton 132 

Charge that KP202 .VK30M 141 

Portable QRP Power Unit.W8CHK 110 

You Don't Have a Power Failure Alarm?.W9DJZ 105 

Dispelling the Mystery of Regulated Supplies.W1HCI 69 

The Unzapper (safety).WB5DEP 151 

PUBLIC SERVICE 

Disaster in Honduras .Staff 114 

Solid Gold PR: Washington .K4SHE 135 

Phone Patching - A Public Service.W8HXR 139 

Bridging the Information Gap .K3DSQ/4 155 

Ham PR vs Chaos.WA2KBZ 160 

Busy Hams Benefit Baja.Patterson 166 

RECEIVERS 

The B 511, Bargain.W6JTT 86 

All Band VHF Receiver.WB2AGJ 105 

The AN/GRR Receiver.W6JTT 64 

I CM Kit 2M Converter.K1CLL 90 

The Postage Stamp Squelcher.K6JM 103 

Easy BFO Project for all Wave Receivers.WB4KTY 149 

A Digital Dial for your Receiver (adapter).W2AOO 119 

6MICRX.K1CLL 85 

Dirt Cheap Tunable IF for Converters.K0VQY 81 

The Ultimate in Variable Selectivity?.Staff 135 

An Oscar Preamp that Works Wonders.W3TMZ 31 

Building a 135 kHz i-f Strip.K1CLL 127 

RTTY Secrets Unveiled .W3JJU 42 

The TT-63A Regenerative Repeater.WB4APC/DL5KS 55 

Oscar RTTY Converter.K9PVW and K9HUI 53 

The Audio Synthesizer.W0LMD 98 

Build a Deluxe TTY Keyboard I.K7YGP 22 

Build a Deluxe TTY Keyboard II.K7YGP?7 63 

SATELLITE 

How to Find a Satellite .WB8DQT 31 

Steerable Antenna for Satellite DXing.WB5ASA 77 

Satellite Timing Clock .WB8DQT 46 

Intro to Working Oscar.W3HUC 54 

HowTo: Graphic Technique to Find Satellite ...WA4QDL 62 

More Weather Satellite Pictures .WB8DQT 128 

Automating Satellite Reception.WB8DQT 76 

How about a Weather Satellite Monitor?.WB8DQT 45 

A Satellite Fax System you can Build I .WB8DQT 39 

A Satellite Fax System you can Build II.WB8DQT 60 

SSTV 

Video Analysis of TV Signals.WB8DQT 99 

W8YEK Works 100 Countries .W8YEK 120 

Fast Scan Monitor .W2FJT 26 

Grey Scale Generation.W2FJT 93 

Mobile Slow Scan.W2NSD/1 139 

Faxing SSTV .K6IGC 15 

In Pursuit of the Perfect SSTV Picture.W2NSD/1 73 

Homebrew this SSTV Monitor.WA9M F F 22 

The Audio Synthesizer.W0LMD 98 

What's Wrong with my SSTV?.K4TWJ 62 

SURPLUS 

The AN/GR R Receiver.W6JTT 64 

The R-511, Bargain .W6JTT 86 


Apr 

May 

May 




May 


Sept 

Oct 


Jan 





Feb 


Sept 

Oct 


Feb 

Feb 


May 

May 
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R11A New Q5er.W5S0T 

Fat Nixies For Chronometer Nuts.W2A00 

The T-278/U, Surplus Gem (2m amp! .K0DAS 

Fun City's Surplus Scene.Bach 

TELEPHONE 

Ma Bell vs. Foreign Attachments .WB2PAP 

Lifting The Cloak of Secrecy ..Whipple 

Inside Ma Bell II.Whipple 

Inside Ma Bell III.Whipple 

TEST EQUIPMENT 

Transistor Checker..W5SGF 

Reference Voltage Generator . Circuits 

The Violet Tester. W2A00 

All Band Frequency Marker.W1KNI 

Presto! Transistor Checker from VOM.W8WLM 

FM Alignment Oscillator .WA3ETD/2 

The Audio Synthesizer.W0LMD 

Build this Amazing Function Generator.W6GXN 

Surveying the DVM Scene .KW9KXJ 

Digital SWR Computer I.K20AW 

You Can Fix It (applications).W0HMK 

Precision +10.000 Voltage Reference Standard . . WA6VVL 

Digital SWR Computer II.K20AW 

Where is your Simplified, Sensitive Millivoltmeter?. G3JQQ 

Megger for Peanuts.. Bach 

Updating the Heathkit IB 1101 .WA50KA 

A S1.00 Strip Chart Recorder .W6NLB/7 

Eyes for Your Shack (scope) I.W0ACR 


116 Apr 
23 May 
108 May 
191 Nov 


56 Apr 
76 Apr 
61 May 
67 Jun 


121 Aug 
42 Aug 


118 Sept 
125 Sept 
91 Sept 
49 Sept 
102 Oct 
214 Nov 
157 Nov 
74 Nov 


THEORY 


Mystery of Antenna Radiation.VE3DDS 

The Torrid Toroid .Harding 

Does Ether Cause Gravity?.W6N LB/7 

Op Amps: Basic Primer .WB2NEL 


81 Mar 
37 Apr 
49 May 
33 Oct 


TIMER 

Measuring Heating Oil Usage .K20AW 65 Feb 

ID Timer .WB4MYL 108 Jun 


The Identalert C. K2PMA 22 Aug 

The Alligator Squelcher.WB8EQQ 103 Sept 

TOUCH TONE 

Three Button TT Decoder .WA0EDA 52 Sept 

TOWERS 

Loudest Signal in the World?.W0SYK 57 Nov 

TRANSCEIVERS 

More Fun with the IC-230 .WA6VJR 45 May 

73 Magazine's Guide to 2m FM Transceivers.Staf f 120 May 

An S meter for your Swan 250 , .WB4DBB 156 Jul 

Queen Roger Papa from Hotel Whiskey Seven.W7IDF 69 Sept 

TRANSMITTERS 

100 60 Meter CW Xmtr .W6JTT 142 Apr 

Better Results from those SweepTubes .K4TWJ 70 Aug 

Why Tubes Haven’t Died .WA5RON 125 Nov 

VHF 

Miniboxing the 432er Receiver..K1CLL 46 Jan 

Coaxial Relays on 432 .WIOOP 52 Jan 

All Band VHF Receiver.WB2AGJ 105 Jan 

6 dB at 450 MHz Vertical.W5GDQ 58 Mar 

Swan Beam Antennas.WB6PDN 66 Mar 

Two Metering a Hustler .W3HTF 96 Apr 

A 2M Collinear.K4NOC 111 Apr 

The 5/16 Wave Antenna .K3VNR 117 Apr 

The $2 Amplifier Antennas .W8DYF 71 Apr 

ICM Kit 2M Converter. K1CLL 90 May 

Playing with Power on 432.K1CLL 40 May 

RF Power at 432 .K1CLL 49 Jun 

Build an 11 dB Coatrack .WB0DQC and WB0HKB 111 Jun 

Pack Rat Moonbouncing .W3HMU 107 Jul 

Really Zap Oscar with this Helical I.WB4VXP 59 Jul 

Antennas for Oscar - What Really Works?.W3HUC 25 Jul 

The Oscar Zapper II.WB4VXP 12 Aug 

The Oscar Zapper III .WB4VXP 83 Sept 

The 432er Goes Power - Like 1100 Milliwatts _K1CLL 132 Oct 


JUST RELEASED! 




VHF 

Antenna 
Handbook 


Hot off the press, the NEW VHF Antenna 
Handbook details the theory, design and construc¬ 
tion of hundreds of different VHF and UHF 
antennas . . . antennas for FM, for DXing, for 
repeaters, for mobiles, for emergencies, for con¬ 
tests, quickies, mammoth arrays ... EVERY¬ 
THING IS RIGHT HERE! 

A practical book written for the average ama¬ 
teur who takes joy in building, not full of complex 
formulas for the design engineer. Packed with 
fabulous antenna projects you can build. 

This quality reference book would normally sell 
for as much as S5 or S6, but the publishers have 
agreed to keep the price at an inflation fighting 
price of S2.95. Send cash, check or money order 
... or give your Master Charge or BankAmericard 
number. . ORDER TODAY! 

Dealer Inquiries Invited_ 
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C. Charles Roukas W2DNY 
9 Tuxedo Park 
Rome NY 13440 


What’s All 
the Noise? 

What is a good noise 
figure, 38-28-37? Oops! 
We are off on a tangent 
already and are getting 
way ahead of ourselves. 
Let us get back on the 
straight and narrow. First 
of all, what is noise? No, 
we are not talking about 
din but electrical noise. 
Static, for one, or atmo¬ 
spheric noise. Galactic 
(referencing galaxy) for 
another, or cosmic noise. 
Of course there is the 
ubiquitous man-made 
noise. Last but not least is 
thermal noise. This is the 
only noise used to com¬ 
pute noise factor. Thermal 
noise is circuit noise 
caused by thermal agita¬ 
tion of electrons. 

Since all matter is 
comprised of electrons 
and only at absolute zero 
(-273° C.) are electrons 

quiescent, it follows that 
everything generates 
thermal noise. The higher 
the temperature an object 
is subjected to, the great¬ 
er is the thermal agitation 
and consequently the 
greater is the thermal 
noise generated. 

Starting with the anten¬ 
na, it generates noise as 
does the coax, the antenna 
coil, the rf front end active 
device (tube, transistor, 
etc.) and as a matter of 
fact every component in a 
receiver does This noise 
is added to the noise 
presented to the input 
terminals of the receiver 
and is amplified along 
with the signal. Noise 
introduced in subsequent 


stages does not get ampli¬ 
fied as much and has little 
added effect. The overall 
gain of a good receiver can 
be 1,000,000 times voltage 
or 120 dB. 1 microvolt of 
noise introduced across 
the input terminals results 
in 1 volt of noise appear¬ 
ing across the output 
terminals One microvolt 


of noise introduced after 
the rf stage is only 
amplified by possibly 100 
dB and appears as only 
0.1 volt across the output 
terminals. One microvolt 
of noise introduced in the 
i-f stages may only be 
subjected to gains of 10 
dB to 90 dB depending on 
which stage generates the 


noise and has no appre¬ 
ciable effect on the output 
noise. 

The noise introduced at 
the input terminals is 
subjected to the same 
overall gain as the signal 
is. The ratio of the noise 
measured at the output to 
the noise measured at the 
input is called the noise 
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factor. A simpler way to 
express noise factor (more 
commonly called noise 
figure) is as a power ratio 
of the signal to noise ratio 
at the output as compared 
to the signal to noise ratio 
at the input. It is a ratio of 
two ratios expressed in 
dBs. A receiver with a 10 
dB noise figure degrades 


the signal to noise ratio by 
10X. A 5 to 1 signal to 
noise ratio at the input 
terminals becomes a 1 to 2 
signal to noise ratio at the 
output. We have degrad¬ 
ed from a signal 5X 
stronger than the input 
noise to one Vi as strong 
as the output noise. One 
would not be able to copy 


this signal. On another 
receiver with a 3 dB noise 
figure it will only degrade 
this same 5 to 1 signal to 
noise ratio of 2Vi to 1 at 
the output thus still per¬ 
mitting armchair copy. 

We can effectively 
change the signal to noise 
ratio of a receiver by 
adding a low noise pre¬ 


amp ahead of it. In 
essence you substitute the 
noise figure of the preamp 
for that of the receiver. 
The input terminals are 
now that of the preamp 
and not that of the 
receiver. That (ugh!) 10 
dB NF (noise figure) 
receiver that we used for 
illustration before with a 2 
dB NF (ultra quiet) pre¬ 
amp ahead of it is now 
effectively a 2 dB NF 
receiver. Let us keep in 
mind that the change 
works equally in reverse. 
A beautifully quiet 2 dB 
NF receiver with a (ugh!) 
10 dB NF preamp ahead of 
it is now effectively a 
noisy pile of junk. 

The noise figures used 
in the above examples 
were only illustrative. A 2 
dB NF may be too 
expensive to be practically 
achieved in production. 
Much better than 2 dB 
NFs have however been 
achieved in the lab. I will 
settle for 3 or 4 dB 
anytime. 

Noise figures are much 
more significant at VHF 
and at UHF than at HF. 
Try this simple test and 
convince yourself. Re¬ 
move the antenna con¬ 
nector from an unsquelch¬ 
ed VHF or UHF receiver 
and you will not hear any 
change in noise level. You 
may even find one that in 
fact goes up. This is 
caused by the input co¬ 
axial line removal unload¬ 
ing the input terminals 
permitting the input noise 
resistance to increase de¬ 
veloping greater noise 
voltage across it. This will 
not happen with a proper¬ 
ly designed input circuit. 
By removing the antenna 
connector from an HF 
receiver, however, you 
will find that the noise 
level drops considerably. 
The lower the receiver 
frequency the more pro¬ 
nounced will be the effect. 
At VHF and UHF most of 
the noise that we hear is 
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manifestly generated 
within the receiver as 
thermal noise. At HF it is 
mostly externally gener¬ 
ated and represents gal¬ 
actic, atmospheric and 
man-made noise all picked 
up by the antenna. 

If you have a relatively 
high NF VHF or UHF 
receiver, this does not 


mean that you will not be 
able to copy signals as full 
quieting. It simply means 
that you will require a 
stronger signal since your 
signal to noise ratio is 
lower. It is the fellow with 
the low NF receiving 
system that hears those 
weak DX (“down in the 
noise”) signals that you 


do not even know are 
there. Even stacked 11 
element beams at 50 feet 
do not help much. I would 
rather "pick up” extra 
gain by lowering my NF. 
It is cheaper and you do 
not have to "sweat" the 
high winds, the ice and 
the snow. ■ 



VIDEO CRT KIT 

Kit of parts to build CRT display all brand 
new parts. Contains 9 inch CRT Sylvania 
9ST4716AP39 tube shield, yoke, flyback 
transformer, socket, grid cap, 20KV door 
knob capacitor. 

Complete kit, all brand new . $20.00 


COMPUTER TAPE DECK $25.00 

Cassette computer deck, w/2 servo motor drives, heads (no electronics). Hi speed 
search, 3x206 bits, less than 1 minute. Records 1,000 characters per second. One 
cassette 300,000 characters. An unusual offer. Slightly used, OK, with some data. 

$25.00 ea. 5/$110.00 


POWER SUPPLY MODULE 

New, plug-in module. Plugs into AC outlet provides 12 volts AC at 1/2 amp by two 
screw terminals. Great for various clocks, chargers, adding machines, etc. New 

$2.50 ea. 5/SI 0.00 



ANTIQUE SOUNDER 
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Q 

Quiz 

Clen E Zook W5UOJ 
K9STH 410 Lawndale Drive 
Richardson TX 75080 


The past few years have 
shown a remarkable re¬ 
newal of interest in items 
and memories of by-gone 
days. This phenomenon, 
known as nostalgia, can 
be carried over into ama¬ 
teur radio. Thus, a list of 
100 bits of trivia from the 
post World War II era 
has been compiled and 
listed below. Keep track 
of just how many you 
recognize and check the 
scoring at the end of this 
article. 

Do you remember: 

When 73 cost 37 cents? 

When there was no 73? 

When Leo had hair? 

When Allied was a ham 
store at 110 N. Western? 

30Ds and 16Vs? 

The "Old Yankee" and 
“No kids, no lids...”? 

When a Hertz was a 
rental car? 

My QTH QSL cards, 
and those orange ones 
from Walter Ashe? 

The Drake 1A? 

When Wayne was an 
RTTY Editor? 

When a base was at 
Yankee Stadium? 

And a collector was 
from the finance com¬ 
pany? 

When an 807 was a final 
and not a drink? 

The 'Gentleman's 
agreement" on 20 phone? 

When the DX100 and 
Viking II were king? 

BC 459, 455, and 696? 

Hunter Cyclemasters? 



ICE (not rice) boxes on 
2M FM? 

When W9IOP won the 
SS almost every year? 

AR3s and ATIs? 

Cooney boxes that 
stared back at you? 

The NBFM craze? 

Cutting the supressor 
grid wire on 1625s? 


ham band? 

When we got 15 
meters? 

When International 
Crystal built ham kits? 

GelosoVFOs, Receivers 
and Transmitters? 

The "Dream Receiver" 
(the one I had was a 
nightmare)? 


medical device? 

When Novices could oper¬ 
ate 2M phone and Techs not? 

HFS and NCI 73s? 

Swan 120s, 140s, and 
175s? 

When a Tempo was a 
music speed? 

Globe Chiefs, Scouts, 


When a drain was in the 
middle of the sink? 

And a gate was a part of 

a fence? 

Finding out your new 
call from the Little Print 
Shop? 

When ham licenses 
were free? 

Lincolns and Little 
Lulu? 

When the KWM-1 was 
the latest thing out? 

When there wasn't an 
S-Line? 

When Novices were 
Crystal controlled? 

Link and Dumont? 

6AG7s in GG? 

20As and tubeless 
VFOs? 

2As, 2Bs, and T-4s? 

Invaders and Maraud¬ 
ers? 

Bandits and pedestals? 

Thunderbolts, Challen¬ 
gers, and Harvey Wells? 

813s modulated by 
811s? 

Well, persons, you are 
now at the mid point of 
this great listing of ama¬ 
teur radio trivia. How ya 
doing so far? Well, it's 
back to the old list. Do you 
remember: 

Swan Mark I and 
Heath Warriors? 

Senecas, DX35s, DX40s 
and controlled carrier? 

When there was only 
QST? 

When there were two? 

FM Journal and rpf? 

Cosmophones and 
Eldicos on SSB? 

Model 12s and 15s not 
those quiet 28s? 

Sunspots, with JAs on 

6 ? 

When KWs were built, 
not bought for $200? 

Building your first 
transmitter? 

Your very first QSO? 

When portable meant 
carryable by two persons? 

CK722s? 

Peanut tubes and 
acorns too? 

Comet, Apollo, Zeus, 
and Venus? 

FM210 plus PA210 from 
Galaxy? 


When 11 meters was a Pacemakers that weren't a and Kings? 
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Globe Champs and 
trotters? 

Four-20s and Super 
Pros? 

Cladding, Genave, and 
Varitronics too? 

Prop pitch motors and 
selsyns with gears? 

Morrow and Lakeshore 
with Sonar to boot? 

When a Sentry was a 
soldier? 

When a Swan was a 
bird? 

When Birds only flew, 
not just read watts? 

When Wayne was 
Editor of that "other” 
magazine? 

6-up? 

Carbon microphones 
and high impedance head¬ 
phones? 

Nuvistors? 

When a California Kilo¬ 
watt was just that? 

Your first Field Day? 

Mel Shadbolts TV hand¬ 
book? 

Gotham ads didn’t have 
"20 Meters is mur¬ 
der. '? 

When the average nov¬ 
ice station was a DX40 and 
SX99? 

Ringos and Rangers? 

Tuning units from 
BC375s? 

Plug-in coils? 

6AC7-807, modulated 
by Pr. 6L6s? 

1296 and APX6s? 

SCR522s? 

When Tandy only sold 
leather? 

Flying spot scanners 
and the 931A? 

Polycoms on 6 and 2? 

Multiphase Products? 

Cheyennes, Coman- 
ches, with Pawnees and 
Shawnees? 

416Bs and 417As? 

1625s at 25 cents each? 

Radio Row? 

When JAs were 

Your first DX contact? 

Star Roamers and 
Ocean Floppers? 

Some readers may feel 
that enough information 
has not been given in the 
above quiz. Flowever, if 


you really recognize 
and/or remember the 
trivia then you won't need 
more information. Be fair 
and score yourself accord¬ 
ing to the following: 

0-10 ' Honey, that's 
Daddy's 73, your 
Sesame Street Mag¬ 
azine hasn't come 
yet." 


10-20 The "Arkansas 
Aardvark" is on 
channel 11. 

20-30 Better, but you're 
still wet behind the 
ears. 

30-40 You can hold your 
own at the local 
radio club. 

40-50 Venture forth on 
, 20 meters 


50-60 You're a full 
fledged ham. 

60-70 Qualified to B.S. at 
any convention. 

70-80 Ready for 75 meter 
phone. 

80-90 Qualified to write 
trivia for 73 

90-100 "Hiram Percy 
who????" ■ 







Don Keith WA4BDW 
462 Ridgewood Ave 
Fairfield AL 35064 

Saving 

Ham Radio 


The editors of the maga¬ 
zines think so. That's why 
they are editorializing 
The equipment manufac¬ 
turers think so, too. That's 
why they are slowly going 
out of the amateur radio 
You've seen it in every business. How many of 
ham radio publication them would still be with 
you've picked up lately us if it had not been for 
Our hobby is in trouble! the two meter boom? The 
FCC recognizes things are 
in bad shape, also. Those 
sweeping licensing struc¬ 
ture changes we've heard 
rumored about so long are 
official proposals. 
The Commission knows it 
must have numbers be¬ 
hind it in Geneva in 
1979. ..numbers to back up 
requests for more of the 
spectrum, or just to hold 
on to most of what we now 
claim as ours 

How can we save our 
hobby as we know it? 
Obviously, we must get 
more people into ham 
radio. As I see it, we have 
two great obstacles star¬ 
ing us in the face, though. 
One: that great mass of 
amateurs out there in 
radio land who either are 
ignorant of the facts or 
regulatory life, are con¬ 
cerned but are too darn lazy 
to do anything about it, or 
are too short sighted (the 

famous.fewer-hams- 

equals-less-QRM-for-me 
syndrome). When these 
guys are left with nothing 
but the upper megacycle 
of ten meters in which to 
pursue their hobby, they 
will probably be the first 
to point their fingers at 
Newington, Wayne 
Green, and the other more 
visible spokespeople for 
ham radio and let out a 
multi-decibel "Wha' hap¬ 
pened?" 

Obstacle number two, I 
believe, are the new FCC 
proposals, well intention- 
ed as they may be. I'm 
afraid they will tend to 
make more than a few 
potential amateurs hold 
off on getting started 
Why should I start work- 
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mg on that impossible-to- 
learn code when I can just 
wait a spell and get on two 
meters without it? Why 
don't I just wait for the 
dust to settle? We are all 
prone to procrastination. 
And regulatory wheels 
grind exceedingly slowly 
in these bureaucratic 
times. I am afraid the 
licensing structure is to be 
in limbo for some time 
yet. Whether docket 
20282 is designed to save 
amateur radio or to bail 
the FCC out of the CB 
quagmire is beside my 
point. It can only serve to 
further becloud the prob¬ 
lems we already have. 

But before this article 
gets too depressing, I 
think I should hasten to 
add that I think I see some 
hope I don't think 
W2NSD, ARRL or the 
FCC can bail us out of this 
one. I think Pogo said it 
well: "We have met the 
enemy, and he is us." We 
are our own enemy if we 
allow apathy, ignorance or 
myopia to destroy our 
hobby. I think it is time 
the quarter-of-a-million of 
us who are hams took the 
bull (if you will pardon the 
expression) by the horns. 

Fact: ours is the most 
fascinating and enjoyable 
hobby going. What other 
hobby offers as many 
exciting facets as amateur 
radio, mixes so well with 
other interests, offers so 
much opportunity for pub¬ 
lic service, and gives so 
many chances for personal 
accomplishment? 

Fact it just ain't that 
hard to become a ham. 
Any average moron can 
learn the code and enough 
radio to get a license. 
There are beaucoups 
books, courses, cassettes, 
tapes, study manuals, Q 
and A manuals, etc,, 
available cheap. Help is 
there for the asking in 
most places It is an honor 
to get a license, sure, but 
anyone with the will to 


learn and the gumption to 
apply himself to some¬ 
thing worthwhile can do 
it. 

Think back. How did 
you get started? Probably, 
you lived near a ham, 
worked with one, or had a 
brother-in-law who fooled 
around with the stuff 
Most people started that 


way. Does that mean you 
have to live next door to a 
ham or marry his sister to 
get into the hobby your¬ 
self? It is ironic that a 
hobby that is based on 
communications depends 
on word-of-mouth for its 
growth. 

We have a hobby we 
should be yelling and 


screaming about, and we 
sit on it like it's the map to 
the Lost Dutchman mine 
When was the last time 
you demonstrated the two 
meter rig for the guys at 
the office? Or originated a 
message for some neigh¬ 
bors? Or volunteered to 
give a talk on ham radio 
for your civic club? 



1 'the 1916 deals. 

•w-rsS'~ssr satss-, 

kills 
iS -IE 


“ TH 'e '“'JJtJS**'" 
'--iSSs-TSJK Sffi 

sssss*. 


JB3 


CES $40.00 

30«»«* rl 0 00 32 *- > 

sss sss 

a !»•*,»■ *r^». 

30 148 um »ted qu»n*» -■ ecE MBEH 3 





That, folks, is PUBLIC 
RELATIONS! 

And ham radio PR is 
lousy! 

Far too few people know 
what, who or where we 
are. That image of an 
eccentric radio nut wiring 
up his basement and 
screwing up the neighbor¬ 
hood TV reception is still 


going strong. And no 
wonder practically every¬ 
body persists in asking if I 
still have that "CB" in my 
car. 

Next question: why is 
ham radio PR lousy? 
Because it takes initiative, 
inspiration and sweat. I 
certainly think the state of 
our hobby, and the pros¬ 


pects for its death (at least 
as we know it), should 
provide enough initiative. 
I am about to list ten ideas 
I hope will give you or 
your group some measure 
of inspiration. But there's 
not much I can do about 
the sweat part. If you are 
not willing to work some 
to see that my son and 


your kids (and maybe 
even you) have a hobby in 
a few years, then maybe 
ham radio isn't worth 
saving after all. 

Some of the things I'm 
going to mention are not 
new or especially imagina¬ 
tive, but maybe you never 
thought of them before. 
Some have been, or will 
be, tried by the Birming¬ 
ham Amateur Radio Club 
with varying degrees of 
success. If you give them 
a try, look out. You may 
run into brick walls with 
some. But you will get far 
better results than you 
dreamed with others. I 
only hope you will take the 
ball and run with it. It is 
fourth down and time is 
running out. 

1) Get yourself or repre¬ 
sentatives of your group 
on a television or ratio talk 
show. The stations have to 
come up with an interest¬ 
ing show every day. Do 
them a favor and volun¬ 
teer. It is best to tie in 
appearances with the start 
of your club's code-theory 
class (you club does have 
such a thing, doesn't it?), 
Field Day, or the like. 
Make sure interested par¬ 
ties can get in touch with 
someone for more info. 

2) Land a feature story 
in a local newspaper. A 
story about a handicapped 
ham or a local amateur 
working through Oscar 
should be the answer to an 
editor's prayer on a slow 
news day. Make sure the 
editor knows how to get in 
touch with you and that 
you have a feature idea or 
two anytime he needs it 

3) Tie yourself in with 
local events. If you or your 
club provides communica¬ 
tions for a parade or 
during a disaster, phone 
the newspapers, radio and 
TV, and tell them. They 
may never know other¬ 
wise. We got good news¬ 
paper and TV coverage 
when a Birmingham ama¬ 
teur heard first hand 
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about the recent Peruvian biggest weaknesses in never see print, but none Lions Club and announce 

earthquake. He called ham radio is the failure to will if they are not sent in. the next ham club meet- 

local media and soon attract more of the ladies Club activities, interesting ing. Present a program on 

found himself entertain- into our midst? occurrences on the air, the ham radio to the Jaycees 

ing a television news film 9) Fire off a news implementation of some of Explain to the guys at the 

crew. release to the papers at the other projects men- bar the difference be- 

Don't be modest! Look the slightest excuse tioned here...all make tween ham and CB radio, 

where PR got Hugh Write the release up in good stories. All this sound like too 

Hefner. newspaper style or like 10) Be a spokesman for much trouble? See you in 

4) Get a booth at the radio spot announcements ham radio every chance the upper one megahertz 

county or state fair. Sure, and send it in. Some will you get. Stand up at your of ten meters! ■ 

it's a headache to keep the 
booth staffed and handle 
all that junk traffic. But 
notice how many people 
come back to ask ques¬ 
tions. 

5) Demonstrate your 
radio for school science 
classes. The League has a 
great OSCAR demonstra¬ 
tion geared toward 
schools, too. And the club 
could probably spare a 
little beer money to put 
ham radio books in some 
school libraries. Be sure to 
stamp your address or the 
club's address inside the 
books. 

6) Show off ham radio to 
the Boy (and Girl) Scouts. 

Invite troops to club 
meetings and hamfests, 
show them ham radio 
films, attend their get- 
togethers and answer 
their questions. Check 
with local scouting of¬ 
ficials. They are in the 
phone book. 

7) Set up a booth at the 
next Citizen Band jam¬ 
boree, or what ever they 
call them. What!?! No, 

I'm not blowing a final. 

How many frustrated 
hams do you imagine 
there are on 27 MHz? 

How many would gladly 
go straight and sin no 
more if they knew what we 
are really all about? Some 
of the best hams I know 
are reformed CB types. 

8) Man a demonstration 
station in a shopping 
center. More junk traffic 
and interminable Muzak, I 
know, but it sure gets to 
the people. But, you say, 
you mostly get women 
into those places. Don't 
you agree that one of the 
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Jerrold A. Swank W8HXR 
657 Willabar Drive 
Washington Court House OH 
43160 


Patching Tales 


Over many years of 
phone patching there have 
occurred many memor¬ 


able incidents, some sad, 
some hilarious, I would 
like to relate some of both 
One morning about 3:00 
a m the phone rang, and I 
was asleep. I answered, 
and the operator asked, 
"Are you Jerry?'' I said I 
was She replied, I have 
an emergency call for 
you " The caller said. 


"This is John Katsafrakis, 
I am at Stanford Univer¬ 
sity, and we must get 
through to Byrd Station, 
Antarctica. Can you get 
them for me?" I called 
Eights Station and raised 
Byrd via Navy telegraph I 
ran a half hour patch, and 
when it was finished, Dr 
Katsafrakis told me that 
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they had released a space 
craft from Vandenberg Air 
Force Base, and it was 
tilted Someone tried to 
correct it, and had over¬ 
corrected, causing it to 
tumble. They wanted 
readings over the Pole, 
and also predicted that it 
would fall to earth soon, 
which it did. I asked him 
how he found me. He 
said, someone said "try 
Jerry in Washington 
Court House, " so I called 
the operator and got her to 
find you. 

One of the incidents in 
my phone patching gave 
me a certain amount of 
amusement, and yet it 
was very sad for one of the 
principals. 

A Navy man named 
Sam was stationed at 
KC4USM, the "Radio 
Noise" station about VA 
miles from Byrd Station in 
the Antarctic. One night 
he called me with a plea 
for a phone patch to 
Boulder, Colorado. He 
had received in his mail, 
which arrived just before 
the Winter closed all 
flights to the Ice, a letter 
from his fiancee that 
really shook him up. 

Frank, a good buddy of 
his on the summer crew 
who had left on the first 
plane out, had stopped in 
Boulder to see Sam's 
fiancee and deliver Sam's 
messages of love. Frank 
found he liked the young 
lady himself, and after a 
quick courtship they be¬ 
came engaged. Frank was 
on the way to a new duty 
station in the Canary 
Islands. The girl, Alice, 
agreed to get married and 
go to the Canaries with 
him. She wrote Sam and 
told him this. 

Sam was desperate. He 
could not get any letters 
out for nine months, and 
could not send tapes. He 
begged her to wait until 
he could get a tape to her, 
but she refused. 

She said, "You never 













asked me to marry you, 
you simply said you were 
going to the Antarctic, 
and would see me in about 
a year. Frank and I get 
along with each other 
much better than you and 
I, and wc agree on many 
things. I am in love with 
Frank, and to wait for your 
letter would be useless." 
He told her he had great 
plans, and so forth, but 
she was firm and refused. 
The patch lasted about an 
hour, and was one of the 
best I had ever run. Sam 
was very appreciative, but 
downhearted. I was glad 
that he had not been in the 
predicament of having to 
argue his case with a poor 
signal. For a year after¬ 
ward, I heard on the air 
remarks about Sam and 
his patch. We must have 
had one of the greatest 
listening audiences in 
ham history. He said he 
was a quiet, scientist 
type,and not given to 
expressing himself. I kept 
thinking back to the John 
Alden story, with one 
difference. Frank said to 
himself, "Speak for your¬ 
self Frank." 

One of my more weird 
patches came one night on 
a patch to nearby Colum¬ 
bus, Ohio. I gave the 
operator the number, and 
a man answered. I asked 
for Jean. He said "Jean is 
not here any more. She 
married that guy over at 
Lancaster when her hus¬ 
band died. Who did you 
say is calling?" I said, "It 
is her husband from the 
Antarctic, South Pole. 
Station." He replied, 
“Well, I'll be darned. I 
thought he was dead." I 
dropped the line for a 
minute, and heard the 
man at South Pole saying, 
"Jerry, you have the 
wrong number." I went 
back to the other man just 
in time to hear him say, 
"I’ll tell her” and he hung 
up I asked the operator to 
redial it, and found that 


she had misdialed the 
prefix. I got another Jean 
at a different prefix in 
Columbus, and got the 
wrong suburb. 

Once I had an exper¬ 
ience that made me ap¬ 
preciate helpful operators. 
I had a call to South 
Carolina, but got a wrong 
number. I had the opera¬ 


tor redial it, but still got 
no where. I asked the 
operator what the number 
was for the person I was 
calling, after checking 
with the man at South 
Pole Station for confirma¬ 
tion. She told me it was an 
unlisted number. I ex¬ 
plained the circum¬ 
stances, that the man was 


in Antarctica and wanted 
to call his wife and had no 
other means of reaching 
her. She was adamant. 
There was an absolute 
rule about giving out 
unlisted numbers 

I said. "I think I have 
the number almost right, 
perhaps I am off only one 
digit " She said, "Why 
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don't you try running it 
down one digit at a time?” 
1 said “Do you mean 
getting ten people out of 
bed at 3:30 am?" Her 
reply was, ”Oh, it won't 
be that bad. Why don't 
you try it, starting at the 
bottom?” I thought that 
over and decided she was 
trying to tell me some¬ 


thing, so I called the 
number again, with 1 as 
the final digit, and got my 
number. She came back 
after the call, and I 
thanked her. She said, 
"You are very quick.” I 
felt real good about such a 
nice operator. 

My very longest patch 
lasted an hour and a half 


and was a series of relays 
A man at Byrd station 
wanted to talk to his 
fiancee in Hawaii, as she 
was to leave there in a 
week and go to San 
Francisco to meet him 
when he came home in a 
few weeks. She was in a 
hotel in Maui, and I did 
not have any chance of 
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getting a direct patch. I 
ran down a station in 
Honolulu, KH6HP, in a 
downtown office building. 
He could not hear Byrd 
Station, and Byrd could 
not hear him, but both 
stations were copying me 
fine. However, I was 
using phased verticals, so 
when I was talking to 
Honolulu, Byrd Station 
could not hear me, and 
when I was talking to Byrd 
Station, Honolulu could not 
hear me, so it was a real 
slow operation. Byrd to 
me, to Honolulu, to Maui. 
KH6HP had no patch, so it 
was all one way. The reply 
came from Maui, to Hono¬ 
lulu, to Ohio, to Byrd 
Station. KH6HP had to 
take notes and then try to 
get the messages straight 
to me, then I had to do the 
same to Byrd, since no¬ 
thing could be sent direct. 
Then the whole thing had 
to be repeated going west. 
We got all the information 
passed, and confirmed. 
When I finally signed with 
KC4USB and KH6HP, the 
phone rang. It was the 
mother of a man who had 
been stationed at Byrd 
Station a couple of years 
before, and who had a 
receiver and vertical an¬ 
tenna, and who was 
listening. She said, 
"Jerry, how I wish I could 
have had a recorder to 
record that patch. It was 
the finest thing I have 
ever heard.” I had patch¬ 
ed her son many times 
when he was there at Byrd 
and she had gotten him to 
put an antenna up for her, 
and bought a receiver, 
and she sat up at night 
listening to Antarctic 
patches. I appreciated her 
call. She lives in Decatur, 
Indiana. 

There was another time 
I had to run a patch for 
John Katsafrakis in Palo 
Alto to Byrd Station which 
I feel was rather interest¬ 
ing. 

I got a call on the phone 










from John, and he had 
been trying to get a 
message to Byrd and no 
one seemed to be able to 
raise them. He had sched¬ 
uled a space craft to be 
launched from Vanden- 
berg Air Force Base in 
California at midnight 
EST and had to postpone 
it because they could not 
get hold of Byrd. They had 
then rescheduled it for 
TOO a m EST and now it 
was almost 2:00 a m. and 
they absolutely had to 
cancel if it passed 2:00 
a m. because of another 
launch being scheduled. 

At 1:30 I called Mc- 
Murdo Sound, KC4USV, 
and they had been unable 
to raise any other Antarctic 
Station all evening. John 
Katsafrakis had scheduled 
this launch with plans for 
no other station than Byrd 
to take readings. All the 
time and expense would 
be down the drain if they 
didn't get hold of Byrd 
Station soon. 

I remembered that 
K1TWK in Ipswich, 
Mass, had a Teletype 
going into McMurdo 
which also ran to Byrd 
Station. I phoned him and 
got him out of bed, and 
told him to get a message 
to Byrd in a hurry. I gave 
him the name of the man 
wanted With the phone 
line open to California, 
and the receiver set on 
7.290 MHz, our regular 
traffic frequency, at 1:58 
a m. the man John wanted 
came through ready to go. 
They signaled the space 
craft and the launch took 
place at 2:00 on the dot. 

After the furor died 
down, I asked the men on 
the Ice what the problem 
was No one had realized 
that it was MIDWIN¬ 
TER'S NIGHT. This is the 
greatest celebration in 
Antarctica. It is the night 
the sun starts back South, 
and the mid point of the 
long Winter night. All 
stations shut down and 


the men gathered to¬ 
gether for a grand and 
glorious drinking party. 
They tried to get through 
from Byrd Station as soon 
as they got the Teletype, 
but could not raise us 
because of weak signals. 
Three of them ran the 1.3 
miles to KC4USM, Radio 
Noise Station, which had a 


better V antenna, and 
arrived in time for the 
launch. It was pitch dark 
and cold and they had to 
follow a hand line for 
safety. They knew nothing 
of the launch because no 
one had dreamed that 
Byrd would not be obtain¬ 
able. It was the usual 
practice for the two or 


three men at KC4USM to 
go into Byrd Station 
whenever there was any 
kind of party, to join the 
30 or so men at Byrd It 
was also common practice 
to take two or three tubes 
out of the KWM2A at the 
stations so no drunk would 
get on the air and start 
running "patches."* 





Neil Johnson W20LU 
74 Pine Tree Lane 
Tappan NY 10983 


Work a Novice 

One of my amateur 
friends told me that he 
was anxious to increase 
his code speed and that he 
was putting in more time 
on CW in order to obtain 
his Extra Class license. 
He mentioned in passing 
that he would go 
searching for a QSO, and 
if he found no takers on 
the low end of the band, 
he would migrate up to 
the Novice segment and 
work a few of the 
newcomers just for 
practice. This remark 
stuck in my craw. Late one 
night, when the long 
"skip" was in effect, I 
found no CW signals on 
the low end of forty 
meters, only Mexican 
phone stations, so I tuned 
up to the Novice segment. 

After getting accus¬ 
tomed, I found this sub¬ 
band to be a beehive of 
activity, more often than 
not. Some of the signals 
may be a trifle difficult to 
copy, but by and large 
they are not vastly differ¬ 
ent from those to be found 
in other sections of the 
same band. It stands to 
reason that most of these 
chaps are sending at a 
slower rate than you will 
encounter in other CW 
sections of the band, but 
again there is no hard and 
fast rule. Some of these 
younger operators are 
quite proficient with the 
key. 

Most of the Novice 
operators that I have 
worked were pleased to 
have made contact with 
another amateur with a 
Ceneral or higher class 
license. They impress me 
as being eager to learn, so 


you might try to set a good 
example when you work 
them. Some operators 
may regard this as some 
kind of chore, but really, it 
isn't. You might look upon 
it as a bit of enlightened 
self-interest, for you are 
helping to mold — 
hopefully for the better — 
the OMs that will be the 


Generals and higher rated 
licensees of the ham 
bands of tomorrow. 

Sometimes when I find 
no particular satisfaction 
in some QSO that I've 
experienced on the low 
end of the band, I make it 
a practice to go up in 
frequency and work a 
Novice or two. Perhaps I 


never did look upon these 
QSOs from the Novice 
point of view until a YL 
operator from the New 
Orleans area included a 
short note, along with QSL 
card, thanking me for 
taking time out to come up 
and try for QSOs in the 
Novice sub-band. 

If you happen to be on 
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either coast, or possibly in midnight, but judging the Novice segment of 
a hard-to-get state, you from some of the your favorite band? 
may find yourself quite enthusiastic remarks on Chances are you will be 
popular. In my own their QSL cards, you pleased by what you hear, 
situation, I find lots of would think they had You will learn that 
WN6 and WN7 hams succeeded in contacting amateur radio is not going 
pleasantly surprised that somebody on Mars! to the dogs after all. And 

their relatively low- If you have a little time here's your chance to 
powered rigs are able to to spare, and a small make it just a little bit 

span the continent. measure of patience to go better. Why not give it a 

these QSOs are often after with it, why not tune up to whirl? ■ 
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temperature range of -10 to +60 C, 
and your cost is only $149.95 com¬ 
plete with all connecting hardware. A 
Vanguard synthesizer will add con¬ 
siderable value to your rig by making 
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34 Clark St. Apt. 13 
Arlington MA 02174 


Capacitors 

Unmasked 


When a circuit refuses 
to behave the way it's 
supposed to, one of the 
places to look for a cause 
is the capacitor. Disc 
ceramics and electrolytics 
are popular because of 
small size and price, and 
most of the time they do 
the job in bypassing and 
coupling applications. 
When you measure the 
impedance at audio and rf 
frequencies, however, 
many of them look like 
anything but a capacitor. 

In disc ceramics and the 
older paper types, a major 
cause of non-capacitive 
behavior is dielectric loss. 
In some materials, a 
fast-changing electric 
field outruns the ability of 
the material to keep up, so 
energy must be spent to 
establish the new value of 
the field. Since energy can 
only be drawn from a 
circuit when the current 
has a component in phase 
with the voltage, the 
capacitor acts as if it had a 
resistor connected across 
it. Neither the resistance 
nor the capacitance is 
necessarily constant with 
frequency; the resistance 
probably won't be. Cer¬ 
amic capacitors rated un¬ 
der 100 volts may have as 
little as 1/10 of the 
marked value at 1 MHz 
even though they measure 
up at dc; higher voltage 
discs are more likely to be 
the other way around. 
Types vary, so this rule 
only serves to illustrate 
how widely values can 
fluctuate throughout the 
spectrum. I have only one 
actual value for a shunt 
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resistance. A 20 pF disc 
that I tried to use in a 
crystal filter looked like a 
10 k resistor at 700 kHz, 
and it lowered the Q from 
5000 to 3. So beware of 
using these things in 
tuned circuits. 

Most people have heard 
of lead inductance, in 
which the leads of a 
capacitor act like an 
inductor of a few nano¬ 
henries, causing the com¬ 
ponent to series-resonate 
somewhere in the VHF 
region. Electrolytics can 
also develop inductance 
around surface irregular¬ 
ities in the foil, as well as 
in the foil itself, causing a 
resonance in the audio 
region, after which the 
impedance climbs rapidly. 
This is why you'll often 
find a small bypass capa¬ 
citor connected across an 
electrolytic in commercial 
gear. 

Another HF and VHF 
effect to consider is skin 
effect in the leads. Rf 
current doesn't penetrate 
metal to any great depth, 
so the leads look much 
smaller than they really 
are. Their apparent resis¬ 
tivity rises with frequen¬ 
cy, and may put a 
significant resistance in 
series with the capacitor. 
This can be handled the 
same way as lead induc¬ 
tance: Shorten the leads to 
an absolute minimum, 
especially in VHF equip¬ 
ment. 

Sometimes a capacitor, 
especially an electrolytic, 
may turn up with a true 
shunt resistance due to 
leakage. It doesn't have to 
be internal, either. If a 
suspected unit looks dirty, 
try washing the outside of 
the case. 

The point of all this is 
that a capacitor, or for that 
matter any component, is 
never as simple as its 
symbol or diagram. When 
a newly designed circuit 
misbehaves, that fact 
could be important. ■ 


Richard Mollentine WA0KKC 


19 Edgemere Court 
Olathe KS 66061 


Why 
Fight It? 



Windmilling is synon¬ 
ymous with large anten¬ 
nas and rotors without 
braking facilities. If your 
beam antenna never turns 
in the wind then FB on to 
the next article. However, 
if your beam is a "Horatio 
■H Hornblower," then read 
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on. Actually this gets into 
the psychology of the 
thing. If you will bury your 
pride and admit that the 
darned thing turns every 
time the gusts blow, and 
that the built-in gear 
torque is insufficient to 
stop it, half your problems 
are over "Why fight city 
hall." Now the only major 



problem is that a physical¬ 
ly balanced beam won't 
turn in the most advan¬ 
tageous direction — that 
is, into the wind where the 
least wind resistance 
would be, along and in the 
same direction as the 
boom. Since the wind 
blows equally on the front 
and rear at the same time. 
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the boom is at a 90 degree 
angle to the wind. The 
result is wheezing, pull¬ 
ing, whistling, and a 
massive strain on the 
guys, hardware, mast, 
boom, tower, and the 
"whole ball of wax." Now 
if you will admit to 
yourself that the whole 
thing is going to move 
anyway, then why fight it? 

Let’s take a positive 
attitude for a change. 
Have the wind work with 
and not against us. By 
installing a small tail fin 
on either end of the boom, 
the antenna will automat¬ 
ically always put its thin¬ 
nest side, or least resis¬ 
tance into the wind; any 
material, plywood, plastic 
(invisible), formica, or any 
other dielectric will do. It 
won't effect the radiation 
pattern in the slightest. If 
plywood is used, better 
give it several coats of 
shellac Run two "U" 
bolts through it with 
double nuts and oversized 
flat washers on all sides. 
Then when the big blow is 
over you can reorient and 
recalibrate the rotor box 
(which would have to be 
done anyway). 

By now you have prob¬ 
ably discovered you can't 
rotate the array during a 
wind storm anyway, as the 
whole thing slips 90 
degrees against the wind. 

Don't use too big a fin. 
We only want the big 
winds to move it, and not 
the small breezes that the 
meshed gears could nor¬ 
mally contain anyway. 
With the beam facing into 
the wind and not against it 
perhaps you have prevent¬ 
ed complete collapse of 
the entire structure. 

The photos show my six 
meter twelve element 
"home brew" beam with 
a commercial eight ele¬ 
ment two meter antenna 
above. While not the ideal 
situation, it will do until I 
can afford a rotor with a 
built-in mechanical brake. 
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Robert Magraw KOCBA 

2401 Gladiator 

St Louts County MO 6302t 


Greetings, You Have Been 


Stability. 

That's what you get from Sentry crystals. 

The best frequency stability you’ll find anywhere. 
Because Sentry crystals are made of the finest quartz to 
the latest state-of-the-art specifications. 

And since Sentry has the largest semi-piocessed 
crystal bank in the world, we can custom-make crystals 
for any rig. And frequency. Faster than anyone else 
in the business. 

Sentry gold-plated crystals are for long term 
reliability. Our order processing is quick and 
efficient. And we stand behind our work. With 
solid guarantees. 

So send for our free catalog. And place 
your next order with Sentry, You can 

depend on us. _ 

Sentry Manufacturing Company. 

Crystal Park, Chickasha. Oklahoma 73018. 

Phone: (405) 224-6780. 

TWX-910-830-6425. 

Sentry | 

Manufacturing Company \\ 



Tuned-In to Quality, i 



Sentry Manufacturing Co. 
I Crystal Park 
Chickasha, Okla. 73018 


Please send me your Free 1976 Sentry Catalog 
RIGHT AWAYl 
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City_ 


Selected 

Ah, a nice day — for 
May in St. Louis at least. 
Let's see, things to do . . . 
Well, I think I'll check the 
old mail box and see if any 
of those 85%'ers might 
have had a change of 
heart and decided to QSL. 
The guys in the States that 
are hardest to work on 
good old six meters seem 
to display this propensity 
of not . . . HELLO? 
What's this? A notice 
from the U.S. Post Office 
or Postal Service {you 
know, the outfit that 
cancels those pretty QSL's 
on BOTH sides). A reg¬ 
istered letter awaits me. 

(Sigh) . . . we'll just 
jump in the faithful Jeep 
and drive down to the Post 
Office. 

Upon identifying myself 
(all the way back to my 
ancestors on the May¬ 
flower), a very official 
looking letter is placed 
into my determined grasp. 
Official indeed! U.S. 
Government markings all 
over the thing. The last 
time I saw anything this 
official, it said something 
about "Greetings.'' They 
wouldn't, I mean they 
couldn't, but, but I'm too 
old. Must settle down and 
open the envelope. After 
all, I just signed Lord 
knows what to get it. And 
get it, I did. After fourteen 
years as a Technician, a 
happy, fun-loving (if not 
slightly pudgy), died-in- 
the-wool Technician, I 
received the F.C.C.'s ver¬ 
sion of "Greetings," a 
recall 

The day following the 
receipt of this doomsday 
message is pretty hazy in 
my memory but the XYL 
later told me that for the 
most part, I was hysterical 






and incoherent. At times 
like these, we non¬ 
drinkers are severely han¬ 
dicapped. This will not do. 
Must pull myself together 
and face the situation 
calmly and cooly and think 
of some flim-flam excuse 
to stall them off until the 
next time they swoop 
down on St. Louis. Yeah, 
that's it, that will give me 
an extra three months to 
get it together. Let's see 
— dit-da is "A," dah-dit- 
dit-dit is "B" or "D?" 
Code records. Gotta have 
code records not to men¬ 
tion theory books. Gotta 
find out about those little 

trans-sa-ma- goodies 

that replaced tubes. I 
constantly had to repel the 
urge to send in the ticket 
and slink off somewhere 
and slash my wrists. 
Every idea ever conceived 
to aid in learning and 
improving the code was 
considered. Nothing was 
overlooked. The depths of 
my panic knew no bounds 
even to the point of 
recording several code 
lessons on cassettes, put¬ 
ting the cassette on a 
timer and having it try to 
probe my sub-conscious 
during my sleep. As weird 
as this sounds, I really 
believe it helped. At least, 
it got me to the point that I 
had enough nerve to listen 
to the forty meter Novices. 
Listen with what? A quick 
call to my buddy, Bill 
WAOKBZ who is a true 
mercenary's mercenary, 
and I was all fixed up with 
an Allied AX-190 receiver 
and a greatly deflated 
wallet. 

Disregarding two of my 
original ideas of sending 
in the ticket and the 
flim-flam excuse, I attack¬ 
ed with all the determina¬ 
tion of the chief boiler 
stoker on the Titanic. I 
thought it was a good 
thing they extended the 
Novice ticket to two years 
and I was thoroughly 
convinced that it would 
take that long to complete 


a QSO of any length. It 
wasn't easy but after 
about two weeks, I could 
make sense out of that 
noise. I became fanatical. 
Working shift work, I was 
able to copy for three to 
four, and sometimes five 
hours a day and go to work 
to relax. 

WAOTXV Bob sicked 
me on to W1AW. After a 


few nights of people 
taking their hate out on 
the League by getting a 
hundred or so cycles to the 
side and CQ'ing and 
QRM'ing, I deemed that a 
good CW filter was in 
order. In my neophyte 
stages, I didn't realize 
that the AX-190 and the 
CW filter only represent- 


never-ending outlay of 
money 

For the following sev¬ 
eral days, W1AW was 
copied and recorded 
through my new (and 
expensive) CW filter. The 
recorded tapes were se¬ 
creted away like a starving 
squirrel that anticipated 
yet harder times. Finally, 
good old midnight shift 


You’ve been bugging us to modify the 
We’re giving you what you’ve been wanting in a 
enough for anyone experienced in kit building or home 
unique scanning digital synthesizer to complete your ICOM 

The DV-21 is the LED readout synthesizer that operates in 5KHz steps over the 
146-148MHz FM section of the two meter band, and even scans frequencies being used. 
Completely separate selection of the transmit or receive is as simple as touching the 
keys. When you transmit, the bright, easy to read LED’s display your TX frequency. 
Release the mic switch, and the receive frequency is displayed. There are even two 
programable memories for your favorite simplex frequencies. You won’t believe the 
features and versatility the DV-21 will add to your station. 

We’ll send you everything you need to make your modification: wire, coax cable, an 
extension/adapter cable with seven to nine pin capacity, and the active components. If 
you have neither the time nor the inclination to make your own connections, we will 
modify your radio for you at a nominal fee of $30.00 with prepaid return. 

To get your mod kit send $10.00 to ICOM EAST, Inc. or ICOM WEST, Inc., and you 
will receive yours by return mail, prepaid. 


ICOM 
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came to pass and as this 
time of year is a slow 
period in my line of work, 
the theory books and 
previously secreted tapes 
accompanied me to work. 
It took about eight min¬ 
utes of dit-dah's and I was 
up to my bellybutton in 
disgruntled fellow work¬ 
ers. They had suffered 


with my "weird" hobby in 
the form of boring conver¬ 
sation for the last several 
years but this was the 
limit. Being the kind of 
fellow who takes friendly 
suggestions to heart, I 
decided to appease this 
potential lynch mob and 
suffer silently with an 
earphone. Now I have 


nothing against any ethnic 
group or nationality but I 
just can't understand 
what the Japanese had in 
mind when they contrived 
those nasty little earplugs. 
Why didn't they design 
one that would fit the ear? 

The thing was starting 
to take shape — transis¬ 
tors, formulas, chokes. 


—2 miiei cnsms in stiu —. 

We can ship C.O.D. either by parcel post or U.P.S. Orders can be paid by: check, 
money order. Master Charge, or BankAmericard. Orders prepaid are shipped 
postage paid. Phone orders accepted. Crystals are guaranteed for life. Crystals are all 
$5.00 each (Mass, residents add 1 Si tax per crystal). US. Funds Only 
We are authorized distributors for: Icom and Standard Communications Equip¬ 
ment (2 meter) 

Note: If you do not know type of radio, or if your radio is not listed, give fun¬ 
damental frequency, formula and loading capacitance. 

LIST OF TWO METER CRYSTALS CURRENTLY STOCKED FOR 
RADIOS LISTED BELOW: 

1*. Drake TR-22 6». Regency HR-2B 

2« Genave 7«. S.B.E. 

3*. Icom/VHF Eng. 8*. Standard 

4*. Ken/Wilson 9». Standard Horizon 

5*. Regency HR-2A/HR212/Heathkit HW-202 10*. Swan FM2X 

The first two numbers of the frequency are deleted for the sake of being 
non-repet itive. Example: 146.67 receive would be listed as - 6.67R 
1.6.01T 9.6.13T 17.6.19T 25. 6.31T 33. 6.52T 41. 7.06R 49. 7.18R 57. 7.30R 

2. 6.61 R 10. 6.73R 18. 6.79R 26. 6.91 R 34. 6.52R 42. 7.69T 50. 7.81T 58. 7.93T 

3.6.04T 11. 6.145T 19. 6.22T 27. 6.34T 35. 6.94T 43. 7.09R 51. 7.21R 59. 7.33R 

4. 6.64R 12. 6.745R 20. 6.82R 28. 6.94R 36. 7.60T 44. 7.72T 52. 7.84T 60. 7.96T 

5.6.07T 13. 6.16T 21. 6.25T 29. 6.37T 37. 7.00R 45.7.12R 53. 7.24R 61. 7.36R 

6. 6.67R 14. 6.76R 22. 6.85R 30. 6.97R 38. 7.63T 46. 7.75T 54. 7.87T 62. 7.99T 

7. 6.10T 15. 6.175T 23. 6.28T 31. 6.39T 39. 7.03R 47. 7.15R 55. 7.27R 63. 7.39R 

8. 6.70R 16. 6.775R 24. 6.88R 32. 6.99R 40. 7.66T 48. 7.78T 56. 7.90T 


Special! Only $249.95. Get 8 crystals of your 
choice for only $2.50 more with purchase of 
IC-22A. 

READY TO GO ON: 

1 94/94 3 22/82 5 52/52 

2 34/94 4 28/88 

VHF FM 



fian 0.4 u v 20db quieting Diodes . 


STORE HOURS: MON-FRI: NOON-9 P. 


KenSCO PHONE (6,7147,-6427 

Communications.. 


taps and all the accoutre¬ 
ments of "wireless" 
started to make a little 
sense. The code was 
coming along swimming¬ 
ly. Visions of a General 
License with my call kept 
popping into my code- 
weary mind and on every 
occasion that I struggled 
through the ominous 13 
wpm barrier, I sort of 
giggled inside. The first 
instincts of mere survival 
gave way to a more human 
feeling of REVENGE! 
Challenge my integrity 
will they! I had ambitions! 

I kept thinking of the 
mean old F.C.C. examiner 
grovelling in disbelief — 
not only passing the Tech, 
but WOWing him with my 
new-found CW prowess. 

The day of decision was 
finally upon me. I was to 
be at the examination 
station at 9:00 a m. At 
5:00 a.m., my eyes popped 
open and I eagerly got in 
the proverbial last minute 
of CW and theory study. 
At 8:00 a m I departed 
the studios of radio-free 
K0CBA and plunged for¬ 
ward into the St. Louis 
sunshine — a raging 
downpour! The weather 
should have made me 
reconsider my idea of a 
flim-flam excuse. How¬ 
ever, with the well wishes 
of the XYL, the "go 
get-em" of the local six 
meter gang and a few 
well-meaning threats of, 
"You had better pass 
because we can't take any 
more" from the guys at 
work, I continued my 
sojourn. 

Upon arrival at the 
Federal Building, I 
couldn't find a place to 
park. Another bad omen? 
Nonsense, I forged ahead 
as if I had good sense and 
finally located a parking 
meter, but it was a "One 
Hour Only" parking 
meter. At this point, 
confronted with the pros¬ 
pects of failure in the 
amateur fraternity, a tick- 
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■t (St Louis Police De- 
>artment type), and pos- 
.ibly a humongous tow 
till, all I could do was to 
lum, "Cast your fate to 
he wind" and fight back 
ny own downpour which 
vas about to trickle from 
ny eyes and go in and 
scope out the situation. I 
<vas a half-hour early and 
he examination room was 
still locked so I tried to 
nake conversation with 
he other hyper-tension 
stricken people that had 
lathered under the "NO 
STANDING IN HALL" 
sign. My mind briefly 
:ontemplated the Govern- 
nental wisdom behind the 
placing of that sign and 
he fact that there wasn't 
i chair or waiting room to 
oe seen from horizon to 
lorizon. 

A young lad who was 
observed in the corner 
with bloodless white 
(tnuckles, frantically scan¬ 
ning his license manual, 
would look toward heav¬ 
en, mumble to himself 
and then would appear to 
"chew" a bit of the book's 
ragged corner I got to 
talking to a fellow who 
introduced himself as 
"Dale WNO something or 
other” and he mentioned 
that the code was a snap 
but he was a bit concerned 
about the theory. I 
thought that was a strange 
thing for him to say. If he 
had his wits about him, he 
surely would have been 
terrified of both elements, 
just as I was. I quickly ran 
through the alphabet in 
my mind. A poor choice of 
pastimes, and I suddenly 
realized that I couldn't 
recognize my own call. I 
reached in my pocket for a 
pen and a piece of paper. 
A note attached to the 
door, proclaiming that I 
had been carried away by 
a roving band of gypsies 
and would probably be 
released unharmed in 
time to take the test in 
three months, would sure¬ 


ly tug at the examiner's sumed that because I was Tech recall, huh! "Sit 
heart and he would re- closest to the door that I over there and fill this 
schedule me for the next was the most anxious. He out." I took the paper he 
time in town. Surely a asked me what Class I was gave me and wobbled over 
fellow couldn't be held here for as he relieved me to the indicated seat. Any 
accountable under such of my F.C.C. provided composure that had re¬ 
circumstances. I started to "610" and "examination mained with me in the 
compose the note a bit too appointment." Before I hall, ran down my leg. As 
late as the door opened could stutter out an an- the others filed in, he 
and there stood the exam- swer, he looked up from looked at them but always 
iner. He foolishly as- my papers and said, "A seemed to fire a glance my 
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way, or so it seemed. I 
consoled myself that he 
wasn't really a bad fellow 
who had a personal desire 
to snatch my ticket, and 
that he probably just 
learned to look at people 
like that from when he 
headed up a concentration 
camp. 

As he passed by me. 


handing out the paper for 
the 13 wpm test, I said, 
"Excuse me, sir, could I 
have a try at it?" With a 
patronizing smile, he gave 
it to me and proceeded 
with his tasks. After 
several eternities, the si¬ 
lence which heretofore 
was only interrupted by 
nervous laughter, pencils 


thumping on desks and an 
occasional drop of perspir¬ 
ation rolling off my pro¬ 
boscis and hitting my 
paper, was broken by an 
ear-splitting, "Is every¬ 
one ready?” After 6 v’s 
which gave me no trouble, 
I realized that this was it! I 
have a real knack for 
being able to size up a 


situation. I got the first 
few words out but then a 
miss, and another, then a 
few more words, then the 
misses again. After the 
machine sent ar, I started 
to try to do some fills. No 
dice. The papers were 
gone as quickly as they 
had come "You may all 
step into the hall while the 
papers are checked." 
After a few minutes of 
staring at the "No Stand¬ 
ing In The Hall" sign, I 
went into the room to 
watch. I saw a booklet on 
his desk which I think was 
entitled, "The stacking of 
papers on a desk so no one 
can see if they passed" 
and quietly left the room. I 
amused myself by running 
the six hundred yard dash 
to my parking meter, 
narrowly escaping the 
clutches of the law which I 
considered to be a good 
omen. I walked into the 
Federal Building as if 
nothing happened and 
then it dawned on me that 
it was raining and I was 
soaked. So much for that 
good omen 

Upon being reseated 
with the others, the 
"thumbs up — thumbs 
down" session started. I 
was in the latter, however, 
all was not lost. I squirrelled 
through enough for 5 wpm 
and so it was on to the 
theory. Osmosis is a fact and 
I had inadvertently soaked up 
enough that I made the 
theory in pretty fine style. 

After the whole thing 
was just a bitter memory 
from the earlier part of the 
day, I became even more 
obsessed with getting my 
"Big Ticket." The levity 
of the situation only now 
comes to light as I gaze 
upon my shiny new "Ad¬ 
vanced License." 

The story doesn't really 
end here. After all, in 
September, I'll have my 
"Year In” and then I'll 
have a shot at the 
"Biggest Ticket." ■ 


S. D. SALES CO. 

P.O. BOX 28810 DALLAS, TEXAS 75228 

FAST SERVICE - QUALITY MERCHANDISE 
BARGAINS GALORE - NO BACK ORDERS 


We are SMALL enough to give personalized service, but 
LARGE enough to handle every order swiftly and efficiently! 


INTEL IK 2102 RAM 

Factory prime, tested units. Factory selected tor much 

are sraftc memories that are TTL compatible and 
operate oil + S VDC The real workhorse of solid state 
memories because they are so easy to use. Perfect for 

TV typewriters, mim-computers. etc With specs. 

$3.95 ea or 8 for $30 

FAIRCHILD LED READOUTS - 69c 

FND-70. Common cathode. Right hand decimal point 

frequency counters, etc. 69c 10 For S8 

Best Readout Buy In USA! 

74164 - TTL SPECIAL - 69c 

4 for $2.00 

SIQNETICS IK P-ROM 

82S129. 256 x 4. Bipolar, much taster than MOS 
devices. 50NS. Trl-state outputs TTL compatible. Field 
programmable, and features on chip address decoding 
Perfect tor microprogramming applications. 16pln DIP. 

DO YOU NEED A LARGE. COMMON ANODE 
READOUT AT A FANTASTIC PRICE? 

S.D presents the MAN-64 by Monsanto - .40 inch 

type, lits 14 pin DIP Brand new and factory prime Lett 

LM324 - QUAD 741 OP AMP - 99c 

NE555 — Timers - 49c 

01747 JUMBO LEO READOUTS 

By Litronis. 65 inch character Common anode Out¬ 
performs Sl>-3. Perfect lor giant digital clocks Only 

20 MA. per segment Special — $2 50 ea 

709CH - OP AMPS - 4 For SI 

QESCRC106B1 

MOTOROLA POWER DARLINGTON - $7.99 

MJ3001 • NPN - 60 Volts - 10 Amps - HFE 8000 typ. 
To-3 Case. Ideal lor power supplies, etc. We Include a 
tree 723 regulator wlschematic tor power supply with 
purchase ot the MJ3001 You get the two key parts tor a 

DC supply tor only *1 99 Regular catalog price tor the 
MJ3001 is $3.62 

LARGE SIZE LED LAMPS 

Similar to MVS024. Prime factory tested units. We 
include plastic mounting clips which are very hard to 
come by Special 5 for $1 

PC BOARD MA TERIAL 

FR-4 blank epoxy boards 2oz. copper, 5 * 10 in. Single 
S,ded Limited Oty. - 99c 

TRANSISTORS 

Type Mai Pol Vceo le Hie Case Price 

2 N3904 S N 40 100MA 200 TO-92 6/1.00 

2N3906 S P 40 100MA 200 TO-92 8/1.00 

2N4401 S N 40 250MA 200 TO-92 10/1.00 

2N4403 S P 40 250MA 200 TO-92 10/1.00 

2N3638 S P 25 150MA 60 TO-105 6/1.00 

EN930 S N 45 50MA 300 TO-106 10/1.00 

2N2905 S P 40 350MA 200 TO-5 4/1 00 

2N4249 S P 60 10/1.00 

MOTOROLA NEGATIVE VOLTAGE REG 

MC1469R. TO-66 9 Lead package. For 3 TO 30V 
Outputs. Provides 600 MA direct output or more by 
using an external power transistor. Reg. catalog $4 
ea. With specs. $1.95 ea. 

MOTOROLA NEGA TIVE VOLTAQE REG 

MC1463R - Like our 1469R above, except for nega¬ 
tive voltage. Reg, catalog $5. Our price $1.95. 

RCA HIGH VOL TAGE POWER TRANSISTOR 

100 Wails. 5 Amps 300 VCEO. TO-3 case Silicon 
NPN Mfg house numbered 2N5240 Regular catalog is 
$6 Perfect for H V. supplies or vertical and horizontal 
circuits. 

SPECIAL - 99c 

POWER TRANSISTOR PC BOARD 

Mfg. by Memorex Computer Corp. Board has 20 
Power Transistros. 10-RCA 2N3585 TO-66 SILICON 
NPN VCEO-300 IC-2AMPS. 10-MOTOROLA MJE- 
340. NPN Silicon. VCEO-300. Plastic power tab case. 
Also has 10-2N2222A TO-18 NPN transistors and 

10-1N5059 1 AMP 200 PIV rectrifiers, plus 32 resis¬ 
tors. LIMITED OTY. Board #103. $3.99 ea. 

HEAVY DUTY TRANSFORMER 

36 VAC, 3.5 AMPS 115VAC 60HZ. PRI For power 
supplies or audio power amps Best quality, fully 
enclosed $4.95 

48 HOUR SERVICE 

You deserve, and will get prompt shipment. On 
orders not shipped in 48 HRS., a 20% cash refund 
will be sent. We do not sell junk. Money back 
guarantee on every item. WE PAY POSTAGE. Orders 
under $10 add 75c handling. No C.O.D. Texas Res. 
add 5% tax. 

S. D. SALES CO. 

P.O. BOX 28810 

DALLAS, TEXAS 75228 

8T97B 

Signetics, TRI-State Hex Buffer MOS and TTL 
interface to TRI-State Logic. Special: SI .49. 

ORDERS OVER $15 FREE BONUS 

CHOOSE SI ch!ps < are SSSfSS, 

FREE MERCH, free socket. 




Jerrotd A. Swank W8HXR 
657 Willabar Drive 
Washington Court House OH 
43160 

Save 
Money 
on Coax 

If money is worth any¬ 
thing to you, then the 
easiest way to save it is to 
quit using RC8 for any¬ 
thing lower in frequency 
than 21 MHz, and shorter 
than 100 feet, regardless 
of power unless you are 
running more than the 
legal limit. 

If you are using a 
dipole, which is about 72 
Ohms, and feeding it with 
RC8, you have an SWR of 
1.51. If you fed it with 
RG59, the SWR would be 
1:1 at resonance. The loss 
in RC8 at 1:1.5 would be a 
little more than .7 dB, and 
the loss in RC59 would be 
about 1.6 dB at 21 MHz. 
The difference would be 
barely noticeable on the 
air, even with careful 
listening. At 7 MHz, the 
difference would be about 
.45 dB, and not even 
discernable. 

The power handling 
ability of RG59at 20 MHz 
is 860 watts, and if you 
use foam coax it is about 
1100 watts of steady RF. 
This is enough for any 
legal amplifier, and of 
course for use barefoot 
there is absolutely no 
need for RG8, even for a 
750 watt PEP transceiver. 

The most ridiculous of 
all, of course, is the ham 
who insists on running 
RG8 in a mobile Many of 
them seem to feel that 
with a mobile you need all 
you can get, but RG8 is 
harder to handle, and no 
one could possibly hear 
the difference between 
RG8 and 58 or 59, with 
only 20 feet of line. 


If you are running a 50 
Ohm antenna, there is 
some reason to use RG58 
instead of RG59, but not 
much. The SWR will be 
1.5:1 but the greater loss 
in RG58 will almost equal 
that due to the mismatch, 
even at 21 MHz. 

Oddly enough, there is 
a good reason why in 


some cases RG8 has its 
advantages. The reason is 
that you can't bend it at 
sharp angles. Running 
coax with sharp bends is 
not good for transmission, 
and since RG8 won't bend 
in square corners, it is 
better at very high fre¬ 
quencies. Wouldn't it be 
just as easy, and cheaper, 


to just make sure that your 
bends are gradual, rather 
than pay the extra cost? 

Many hams buy surplus 
RG8 and save money, they 
say. If you do that you had 
better check the loss in 
what you buy. All loss 
tables refer to NEW coax, 
as you will find out if you 
measure it. ■ 


( You KNOW v ou need QSLs 


Get some you can be proud of... 



and-save money! 


ONL Y $6 for 250, $10 for 500, $15 for 1,000, and $20 for 2,000. 

How can 73 make such beautiful cards, printed on the best coated 
stock, available for about half the regular cost? Our business is 73 
Magazine and QSLs just help keep things going during slack days of the 
month. We do this at cost just to keep busy — you get the benefit. How 
many shacks have your QSL card proudly on display? 

The world and satellite are printed in blue, your name, address and 
call are in black. The QSO information is a standard form on the back. 


DOMESTIC ORDERS ONLY 


QSL Dept. • 73 MAGAZINE • Peterborough NH 03458 [ 



IL _ 

L. 



□ Cash □ Check 

jjjggjM □ BankAmericard OMasterCharge 

Style 

□ W □ $6 - 250 

World □ SI 0 — 500 

□ X □ SI 5 — 1 000 

Satellite □ S20 - 2000 

Card No. 

Expiration Date- 

Signature J 
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V Swank W8HXR 


657 Willi 
Washington Court 
43160 


How to Pass 
Exams 


When I went to school 
many years ago, I was 
very lax about studying, 
but I had great interest in 
the subjects I took. While 
in class, I was careful to 


Round the world cruise' 


Meet adventure heod on! 

Rapa, Tahiti, Moorea, Galapagos, 

Zanzibar, Devils Island, Madagascar, 

Martinique, Samoa,Tutuila. Danger Island 
aboard the world famous motor sailer Yankee Trader. 


On December 10, 1975 you can share one of 
the most exciting experiences in the world. 6 / 
adventurous months prowling the world's most » 
unusual ports. First come. . . first served. Wfrite 
now for information on adventure that 
stop. 



©Windjammer Cruises. 

Post Office Box 120. Dept. 00. Miami Beach, Florida 33139. 


observe the teacher and 
try to understand what 
she was saying. I was the 
son of a construction 
engineer, and had tra¬ 
veled so much that I had 
never been to school in the 
same state for two consec¬ 
utive years. Thus I was a 
sort of loner in the schools 
because I didn't know any 
of the kids from previous 
years. However, I was 
also a sort of curiosity. 
Kids used to want to hear 
about Puerto Rico, Mon¬ 
tana, and New York City 
— three places where I 
lived at ages 6, 5 and 4. 

I used to read a lot and 
at age 8, I began going to 
the library every after¬ 
noon to borrow a book to 
read lying in the library 
yard, and taking it in 
when the library was 
ready to close or I had to 
go home to eat. As a result 
I rather immersed myself 
in the book, as if I had 
really experienced what I 
read. If anyone asked me 
about anything I had read, 

I felt right at home and 
could answer anything. 

I did the same with 
school books because I 
had developed a great 
desire to learn. When the 
time came for exams, I 
had no trouble because it 
was like someone asking 
me what had happened on 
a trip. 

I took a civil service 
exam for postal clerk 
during the depression, 
and although the exam 
ran from 8:00 a m. until 
5:00 p.m , I was through 
at 9:30 a m. The examiner 
asked if I was sure I was 
through. I said I had put 
down all I knew and there 
was no use trying to put 
down things I didn't 
know. 

When the grades came 
out, I tied with another 
man for top place. By that 
time I had another job so 
they gave the appoint¬ 
ment to him. There were 
300 who took the exam. 


182 




When I was working at 
the City of Dayton Engi¬ 
neering Department, an 
exam came up for transit- 
man, which meant that I 
could move up a grade. It 
also was an 8:00 a m, to 
5:00 pm. exam. 

I took the exam and one 
of the questions was a 
"Cut and Fill" question. 
This meant that you had to 
draw a cross section of a 
road and make squares to 
represent cubic feet of 
dirt Then you had to 
compute the cubic feet of 
dirt in the high spots and 
place them in the low 
spots. This was a labor¬ 
ious job and could take a 
couple of hours. I noticed 
that the question was #3c. 
There were 10 questions 
so that meant that ques¬ 
tion #3 was 10%. This 
meant that #3c was only 
3'/i%. I thought — 
“That's not worth the 
trouble." So I finished the 
rest of the exam and left at 
9:45 a.m. . 

When I gave the paper 
to the examiner, he said, 
"Are you satisfied? There 
is plenty of time left." I 
said I was. "Did you get 
that Cut and Fill prob¬ 
lem?" I replied softly, 
"Are you kidding — for 
3%?" He laughed, and 
said, "We wondered if 
anyone would notice 
that." I was again top 
grade and got the appoint¬ 
ment. When we discussed 
it next day, the chief of the 
department said, "It is 
just as important to know 
when to do something as 
how to do it." 

I have since passed 
difficult radio exams the 
same way. Most of them 
now are multiple choices 
and I never took more 
than 45 minutes for one. I 
have been studying psy¬ 
chology for many years, 
and I combined the two. 
After several years study I 
have come up with this 
method. I am sure that it 
will help many of my 


readers, but to be helped, 
you must accept what I 
say without blocking its 
result by not believing in 
it. 

Your mind is divided 
into two parts — the 
conscious mind and the 
subconscious. Everything 
you know, everything you 


have ever seen or heard — 
is in your subconscious. A 
good hypnotist can bring 
out any or all of what is in 
your vast subconscious 
mind. The question is — 
how do YOU do it. Very 
simply, by being your own 
hypnotist! 

It sounds simple, but it 


is not quite as simple as it 

sounds. Before it really 
works, you have to have a 
way to get at what you 
want without having to 
delve through your entire 
lifetime to find it. 

The first requisite is 
that when you store infor¬ 
mation, you classify it in a 


WE WANT YOUR BUSINESS 

HAVING TROUBLE 
GETTING PARTS ? 

TRY US 

WE HAVE THEM IN STOCK 

OUR 300 MHZ FREQUENCY COUNTER 
IS GOING LIKE CRAZY. 

STILL ONLY $140.00 COMPLETE KIT 

$105.00 BASIC 

RANGE: 60 cycles to 300 MHz 8 digit LED readout 

SENSITIVITY: less than 100 MV All parts including 
INPUT: 50 Ohms Case, bezel, 1C sockets, etc. 

ALL TTL LOGIC Comes with complete kit 

KRP ELECTRONIC SUPERMART INC 

219 W. SUNRISE HIGHWAY ■ FREEPORT, N.Y. 11520 
516- 623-3346 

SEND FOR OUR FREE 
24 PAGE CATALOG 

PLEASE SEND 25 CENTS FOR POSTAGE AND HANDLING 


YOU ASKED FOR IT! ECM 5B „„ 

FM Modulation Meter li i 

ONLY $132 SSSSJSST I [l 




j CAVITY I 

• StC/MDpOMWr pak |20.46 

• • • 

| Varden Electronics Company 

? Box 791. Jackson, Michigan 49204 a (517) 797-2299 ! 




■ |V kVi H 41*2*1North°wVmbacn Ave, 

E van Wine, ^Indiana 
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wav that you can find it 
The best way to do this is 
the same way I studied 
when I went to school. 
You must understand 
what you are learning. If 
the teacher or professor 
goes by anything you 
don't completely under¬ 
stand, stop him at once. 


and make him explain it. 
In the first place it is your 
right to demand this, but 
best of all, if you are 
sincere, you will please 
the teacher. A good 
teacher is always pleased 
when his pupils are inter¬ 
ested in what he is 
teaching. When you un¬ 


derstand it, it goes in your 
mind as a unit, and is 
much more easily recalled 
than if you were to 
memorize a lot of discon¬ 
nected facts and try to 
recall them. 

Your mind is made up 
of a lot of nerve cells 
called neurons. They are 


all almost connected to¬ 
gether They have little 
gaps separating them and 
when a neuron is acti¬ 
vated, a little electric 
charge discharges across 
the gap This gap is called 
a synapse. When the 
discharge takes place a 
number of times, the 
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resistance decreases and 
the gap is jumped more 
easily This is "training 

Advertisers use this to 
train your mind to think of 
their product. They say 
that it takes 36 repetitions 
to fix the path. Did you 
ever smell something 
cooking and have a vision 
come to your mind of a 
kitchen back in your 
childhood, or smell a 
perfume and have it bring 
back a romantic memory? 
The same principle ap¬ 
plies to the recall of 
information. When you 
see a question on your 
exam paper, you want the 
answer to come into view. 

I was president of a 
training film company for 
thirty years, and I used 
one primary rule of learn¬ 
ing. You must accept 
whatever the teacher or 
books say without reserva¬ 
tion for rapid learning. 
Pick your authority with 
care, but once you do that, 
then never question any¬ 
thing you read, for the 
present, anyway. This 
way your mind is very 
receptive to learning. If 
you begin to question 
anything, you skim off the 
information at your pre¬ 
sent level of knowledge, 
and therefore learn noth¬ 
ing. Furthermore, by your 
negative attitude you slow 
the learning process If 
you accept everything, 
vou will at least know 
more than you did before, 
though you may learn a 
few things which you may 
later wish to change. 

I had to learn in a day or 
two everything my custo¬ 
mer had learned in twenty 
or thirty years I did this 





by accepting everything 
he said as if it were being 
poured into my mind with 
a funnel. It will amaze you 
once you try it. If you 
learn under relaxation, it 
will further intensify the 
learning process greatly, 

I once had a film writer 
ask me to teach him 
everything about film 
editing in one day, as he 
had a job interview in 
Washington the next day 
We both worked in the 
Motion Picture Divison of 
Wright Field. I was chief 
of the editing branch. I 
explained about the the¬ 
ory of funnelling knowl¬ 
edge into the mind and 
relaxation, and he under¬ 
stood, I spent the day 
telling him everything I 
knew about editing. He 
went to Washington, got 
the job, and in several 
months became the Pro¬ 
ducer of all Training Films 
for the National Labor 
Organization. 

Some people learn 
sound better than sight, 
and I am one of them. If I 
want to remember a date, 

I say it aloud, and 
remember how it sound¬ 
ed. 

An excellent way for 
"Audio" people to learn 
is to read the information 
into a tape recorder, and 
then play it back under 
relaxation. This also 
works for the "Visual" 
people, who remember 
what they read. 

In fact, reading what 
you want to learn into a 
tape recorder and playing 
it back under relaxation is 
about the best way for 
anyone to learn anything. 

At college, many students 
take a tape recorder to classes 
they arc unable 
to attend either because of 
illness or because they 
have another conflicting 
class at the same time. 
They put the recorder on 
their desk, and leave, and 
pick it up after class. 
Another student will turn 


it on or off for them. Thus 
they have the entire class 
discussion for study when 
they review. 

Now for learning di¬ 
rectly with your subcon¬ 
scious, by-passing the 
conscious mind entirely. 
This is very good for 
subjects which depend on 
instantaneous decisions, 


such as taste in decoration 
or dress. It is also useful 
for touch typing, and I will 
give you a spectacular 
example. 

During World War II, in 
North Africa, the US 
Army trained African na¬ 
tives to type telegraph 
code directly from the 
headphones to the type¬ 


writer. Simple, you say? 
Except for the fact that 
none of the natives could 
speak English or even 
read it. They were taught 
that dot dash meant A, 
and so on, until they could 
copy at a high rate of 
speed without having the 
slightest idea what they 
were hearing or writing. 
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As you may have observ¬ 
ed, a good telegraph 
operator can talk to you 
while he is copying from a 
telegraph wire at high 
speed because he is not 
using his conscious mind 
at all. 

You can learn composi¬ 
tion in painting or judging 
art and the like the same 


way. To explain with your 
conscious mind why a 
composition is good is 
very difficult to do, and 
hard to learn. But by 
looking only at good art 
your subconscious can 
learn extremely fast. 

My wife and I used to 
go on automobile trips, 
and she being very much 


interested in architecture, 
would point out houses 
and tell me what had been 
changed on the house, 
and how it should look. 
These were classic old 
homes which had been 
"modernized" by having 
small paned windows re¬ 
placed with large glass 
and having parts removed 


and added. I had no 
education in architecture 
and decided to learn. 

How to learn quickly — 
that was the question. 
Then I had an idea. I 
thought of the bank clerk I 
had once been, and how a 
teller could pick up a 
counterfeit bill at a glance 
from among many good 
bills. The reason, of 
course, was that he was 
accustomed to looking at 
good bills. I decided to use 
this principle, but with 
greatly expanded fields. I 
got several architectural 
magazines from the li¬ 
brary, and leafed through 
them. Then I began to 
look at news stands, and 
while I was waiting in 
advertising offices. I often 
had to call on these offices 
for work, and they all had 
magazines with beautiful 
homes. The following 
summer, when we went 
on vacation, my wife 
mentioned a house we 
were passing. I quickly 
glanced and said, "Yes, 
they have added dormers 
and changed the en¬ 
trance." She was sur¬ 
prised, and asked how I 
knew. I said that I had 
been studying architec¬ 
ture. 

Let's try to bring this 
into your field. Do you 
identify cars readily? Or 
are you familiar with 
cameras? If you are a 
connoisseur of high-priced 
cameras, can't you tell if 
someone puts a cheap one 
with them? The reason is 
that you have uncon¬ 
sciously been mentally 
photographing what you 
see and it is retained in 
your subconscious mind. 

Now comes the distinc¬ 
tion. When you study day 
by day, you are studying 
and reciting with your 
conscious mind. But your 
conscious mind can only 
handle a limited amount 
of information, so the 
work is given you in¬ 
amounts you can handle. 
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There is no limit to the use this method to help yourself aloud or silently, phone or other unneces- 
amount of information you when you are study- It may take a little longer, sary noises or interrup- 
your subconscious mind ing, by letting you concen- but it may be easier for tions. It will help to draw 
can handle. With a little trate when there are many you, the blinds or subdue the 

practice you can learn to things going on around How To lights. Soft music often 

use it. you. Hypnotize Yourself puts some people more 

You've been self- If you like, you can 1. Select a place or quickly into a state of 
hypnotized many times, record the words you are room in your home where hypnotic relaxation. You 
You have entered hyp- going to say, in a low you can be reasonably may want to experiment 
nosis spontaneously liter- monotonous voice, or you sure that you will not be by selecting a type of 
ally hundreds or even can even read them to distracted by the tele- music that is soothing and 
thousands of times, de¬ 
pending on your age. We 
all slip into a trance at 
times every day of our 
lives, though such situa¬ 
tions are not labeled 
hypnosis. 

Dr. Criffith Williams, of 
Rutgers University, has 
written of these spontan¬ 
eous states in an article in 
Experimental Hypnosis 
(New York: MacMillan, 

LeCron editor). Day¬ 
dreaming is nothing but a 
state of hypnosis, perhaps 
light, sometimes deep. 

When we concentrate in¬ 
tently on anything, such 
as reading a book, watch¬ 
ing a motion picture or TV 
program, or even on our 
work, we tend to slip into 
a trance. It is even 
probable, as Estabrooks 
has pointed out, that we 
do so whenever we exper¬ 
ience a strong emotion, 
such as fear or anger. 

How Hypnosis Feels 

A hypnotized person is 
never unconscious. He 
knows what is going on all 
around him. He can even 
walk or talk while under 
hypnosis. 

Only a light degree of 
hypnosis is needed for our 
program. In this stage 
there is no specific sensa¬ 
tion of being hypnotized 
All you feel is a listless¬ 
ness and great relaxation. 

After you have followed 
this program for a week or 
so you can test yourself by 
telling your finger to feel 
tingly. If it does, it means 
that you are hypnotized. If 
it does not, either you are 
skeptical or have not kept 
at it long enough. 

Incidentally, you can 
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conducive to 'sleep- and slowly. muscles of your shoulders feel calm and relaxed all 

like” relaxation 4 Close your eyes. and chest are relaxed ... over 

2 Lie down on a bed or 5. Say to yourself, as if You're beginning to feel Rapid Method 

comfortable couch or to another person (your free of all muscle tension Of Hypnosis 
semi-reclining chair, plac- subconscious mind): ... Your arms feel limp After you have prac- 

ing your feet on a hassock "You are going to relax and relaxed ... The mus- ticed the prescribed meth- 

or some other firm object all the muscles of your cles of your thighs, legs od of relaxing yourself 

serving the same purpose body ... starting from your and feet are relaxed. As each day for more than a 

Loosen all tight clothes. head to your feet ... The you breathe deeply and week, and you are satis- 

3 Take three deep muscles of your face and slowly, your entire body is fied that you are able to 

breaths. Breathe deeply neck are relaxing ... The completely relaxed. You relax completely, you are 

ready to use a more rapid 
method of autorelaxation. 

Say to yourself, "You 
are going into relaxation 
at the count of three. One 
- two - three.” 

Rapid relaxation can 
also be achieved in the 
waking state. You give 
yourself the count and 
quickly experience a re¬ 
laxed feeling throughout 
your body. Your mind 
suddenly becomes relaxed 
and receptive to sugges¬ 
tions. You suggest to 
yourself that hereafter 
whenever you use the 
work "Relax,” the relaxa¬ 
tion will occur instantly. If 
you are walking or sitting, 
you naturally are going to 
keep your eyes open. You 
tell yourself that you are 
completely aware of your 
surroundings at all times, 
and that you are in full 
control of your mind, 
except that you are in a 
state of self-induced relax¬ 
ation as well as a state of 
increased receptivity to 
self-given suggestions. 
Once you have practiced 
this rapid method of 
hypnotically induced re¬ 
laxation, you are ready 
now to make good use of 
your subconscious mind 
by giving it suggestions. 
Your subconscious mind 
will do for you what you 
want it to do. By repeating 
and repeating a given 
suggestion to your sub¬ 
conscious mind, you will 
accomplish your objective. 

Twenty percent of the 
population are extremely 
easy to hypnotize These 
are the ones who enjoyed 
the play, Harvey, with the 
big "invisible" rabbit. 
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They could actually see 
him. They are the people 
who enjoy eating in res¬ 
taurants where the menu 
and signs tell you how 
wonderful the food is and 
the fabulous taste of 
everything you eat. My 
sister is one of these. She 
enjoys everything if the 
signs tell her she will. I 
am of the 20 percent 
which are hard to hypno¬ 
tize, No matter what the 
menu says, if the food is 
not up to standard, noth¬ 
ing on the menu can make 
me enjoy it. 

The second 20 percent 
are relatively easy to 
hypnotize, but cannot 
have hallucinations. I be¬ 
lieve that these two 
groups, of 40 percent, are 
the ones who will benefit 
most from this folio. They 
are most likely to be afraid 
of examinations, and pay 
too much attention to 
remarks in class and 
elsewhere about how hard 
the exams are. 

By all means do not tell 
anyone you are studying 
this article. Many of them 
will ridicule it, either 
because they don't under¬ 
stand it or because they 
want to downgrade your 
ability to make themselves 
feel good These negative 
comments and influences 
will cancel part of the 
positive influences I am 
trying to give you, if you 
are suggestible, and cause 
you to fail. You MUST 
think positive — that you 
KNOW that you will pass, 
or this is wasted. 

Remember that under 
hypnosis you could recall 
everything you had seen 
or heard all your life? If 
you were to pass a man on 
the street and glance at 
him, a hypnotist could 
have you recall every 
detail of his appearance. 
You could tell what sort of 
socks and tie he wore, the 
color of his eyes, and 
every detail of his dress. 
The same thing happens 


when you look at a book, 
or a newspaper. If you 
read an item in a news¬ 
paper, you are also scan¬ 
ning all the other material 
on the page. If there is an 
item about a red-haired 
man committing a mur¬ 
der, you may find that you 
have a feeling against 
red-headed men, and you 


will never know why. 

So, now let's glance at 
each page of our book 
which deals with the 
subject of our examina¬ 
tion, deliberately turning 
the pages slowly and 
glancing at the whole 
page. Do not try to read 
anything on the page, just 
"microfilm” it with your 


eyes This will put the 
entire subject in close 
proximity with each part 
of it, so when you go to 
recall it, you can quickly 
scan it for your answer. I 
use the word scan, but the 
speed of scanning is faster 
than any computer. 

It is absolutely essential 
that you believe you are 
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going to pass the examin¬ 
ation. When I go into an 
examination room, I 
KNOW I am going to 
pass. It never even occurs 
to me that I would fail. I 
don't always make perfect 
grades, but I always pass. 
Any feeling that there is 
any doubt about it tends 
to inhibit your recall. If 


anyone asks if you are 
worried, just smile and 
say, "No." 

Each night when you go 
to bed, give yourself the 
key word, "Relax," and 
say, "When I wake up I 
will feel wonderful, and 
full of energy, and have 
confidence that I will pass 
my exam." When you go 


to take your exam, you 
will know that you have 
everything you need to 
know in your mind, and all 
you have to do is say, 
"Relax," and tell your 
subconscious to give you 
the answers. 

After you have complet¬ 
ed giving yourself post¬ 
hypnotic suggestion. 


either in the sleep-like or 
waking state, you can tell 
yourself that at the slow 
count of ten, you will 
rouse yourself from the 
self-hypnotic state with a 
feeling of emotional well¬ 
being, inspired by the 
conviction that you are 
going to benefit immense¬ 
ly from the application of 
the particular suggestions 
you have given yourself. 

When you start, take 
each question, read it 
carefully, watching for 
tricky wording. Be sure 
you know exactly what the 
question is. Then look at 
the multiple choices. If 
you cannot answer a 
question at once, go on to 
the next but put a little 
mark at the left of the 
question. Don't waste 
time now. This is one of 
the big mistakes most 
people make. They get 
stuck on something they 
don't know and don't have 
enough time at the end to 
answer the last questions. 

Go ahead and answer 
all the questions you can, 
and then go back and pick 
out the ones you could not 
answer. First, try to 
eliminate the two impos¬ 
sible answers. That will 
leave three. Two of them 
will look like the right 
answer, probably. Guess 
on one if you don't know 
the answer. Do NOT leave 
any question with NO 
answer. All examinations 
are designed to allow for 
guessing If you were to 
guess at all 100 questions, 
you would likely get a 
grade of 20%. If you can 
eliminate the two impos¬ 
sible answers and guess 
out of the three left, you 
will get one of three right. 

Usually 70% is passing. 
This means that you can 
have 30 questions out of a 
hundred that you can 
miss. If you guess wisely, 
you can probably guess 
ten of the thirty right. This 
would give you 80%. 

All of this assumes that 
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you make a serious effort 
to study the subject thor¬ 
oughly. It would take first 
class hypnosis for you to 
glance through a strange 
book and pass an exam, 
but with the right train¬ 
ing, you could probably do 
it. 

For Radio License Exams 

Now for the code part of 
the exam. The same rules 
apply here. You must go 
in with the conviction that 
you will pass. You will 
have five minutes to copy. 
Do not copy anything for 
at least a minute, perhaps 
two. Get the feel of what 
they are sending. Just 
get used to the sound and 
the speed. Remember, 
you only need one minute 
of solid copy. Pick a pause 
and start in. Copy the best 
you can for about a minute 
and a half. Then stop and 
look back over your copy. 
You may find you have 
made an "e” look like an 
"i " Correct it. Just try to 
fix any uncertain letters 
that may make the exam¬ 
iner wonder what you 
meant. Tell your subcon¬ 
scious to time you. 

Before you go to take 
the exam, try timing 
yourself by relaxing and 
see how close you come. I 
can come to within a few 
seconds this way. Practice 
a little. Starting to copy 
when the code starts 
coming is very unsettling. 
You are surprised by the 
echo in the room, or the 
charcter of the sending, 
and at the same time 
trying to put down what 
you are reading. 

Use the hypnosis in¬ 
structions when you are 
learning the code. A well 
known hypnotist found 
that it was possible to 
distort time to the extent 
that you could practice 
listening on the violin in 
ten seconds what should 
take ten minutes to study. 
This would mean that you 
could, under hypnosis, 
copy five words a second 


instead of five words a 
minute, and this would 
mean reading 300 words 
per minute instead of five. 
Think about that for a 
while. ■ 
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County Hunting 

Remember how you 
counted the days waiting 
for your ticket to finally 
arrive? Recall the first time 
you fired up your rig... 
your first QSO. . .your first 
real DX,.those elusive 
last states and countries 
you needed for the WAS 
and DXCC you wanted so 
badly? When you think 
about it, if you're like 
most of us, you constantly 
set goals for yourself. 
Maybe it's making the DX 
Honor Roll or the BPL 
Medallion or coming in 


first in the Sweepstakes or 
just being the best opera¬ 
tor you can. Whatever the 
goal, whether you achieve 
it or not, it eventually 
loses its importance. 
Normally you just set a 
new goal. But, sometimes 
there just doesn't seem to 
be anything worth getting 
excited about; hamming 
isn't any fun anymore. 
Well, if you're looking for 
a real challenge, some¬ 
thing that will provide lots 
of competition, require 
good operating skills and 
endurance, yet provide 
numerous rewards and 
lots of fun, you've found 
it! It's called county 
hunting. 

County hunting is kind 

of like working all states 61 



or 62 times over, or if you 
prefer, like making the DX 
Honor Roll ten times. All 
you have to do is work a 
station in each and every 
one of the 3076 counties 
evenly distributed 
throughout the United 
States. Sound interesting? 
It's quite a challenge. 
Only about 120 hams have 
managed to do it. But 
don't let that discourage 
you because that exclusive 
group includes a ZL1 and 
a G4. And if they could do 
it with the propagation 
we've been having, any¬ 
body can do it 

Of course, achieving a 
goal isn't much fun if you 
don't have something 
tangible to show for your 
efforts. Fortunately, there 
are two rather attractive 
awards being offered by 
well known organizations 
to those who manage the 
feat. Both award pro¬ 
grams begin with an 
initial requirement of sev¬ 
eral hundred counties, for 
which you receive large 
certificates you'll be 
proud to display in your 
shack. As you add more 
counties to your total, you 
receive special seals to be 
applied to your certifi¬ 
cates. Finally, when you 
finish them all, you re¬ 
ceive beautiful wall 
plaques. 

While the two award 
programs differ in some 
important details, both 
permit you to claim every 
contact you ever made, or 
ever will make regardless 
of your call or QTH at the 
time. The only require¬ 
ment is, of course, some 
proof that the contact was 
made. But more about the 
nitty-gritty later. If you're 
like most hams, you've 
got a shoebox full of old 
QSL cards and old log 
books buried in a closet 
somewhere. If you do, 
you're off to a good start. 
But whether you want to 
use those old contacts or 
start from scratch, you're 
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going to need a reliable 
means of determining in 
just what county each 
station you work resides. 
Of course, if he tells you 
or has it printed on his 
QSL card, there's no 
problem. This isn't the 
usual situation though. 
That's why sooner or later 
you'll want to get your 
hands on the "Directory 
of Post Offices", available 
from the Government 
Printing Office under the 
stock number 3900-00242 
for $4.25. This marvelous 
publication lists every 
Post Office in the U.S. as 
well as the county in 
which it is located. 

The Rewards 
Once you've got your¬ 
self squared away, you'll 
want to decide which of 
the two available awards 
you want to go after. 
There is, of course, noth¬ 
ing to prevent you from 
going after both of them 
simultaneously — as long 
as you keep the different 
requirements for each in 
mind. The better known of 
the two is the United 
States of America Coun¬ 
ties Award (USA-CA) 
sponsored by CQ Maga¬ 
zine. This certificate is 
printed in four colors on 
white parchment-like 
stock measuring 14 inches 
wide by 22Vi inches high. 
The design features full- 
color illustrations of all 50 
state flags. You can get it 
by submitting proof of 
having had two-way con¬ 
tacts with amateur sta¬ 
tions in 500 counties. If 
you qualify and so desire, 
you can have your certifi¬ 
cate endorsed for all one 
band, all one mode, 
and/or all mobile con¬ 
tacts. There is no mini¬ 
mum signal report requir¬ 
ed You must, however, 
have QSL cards in your 
possession for each county 
claimed. But you don’t 
have to submit them with 
your application. Certifi¬ 
cation 'by two General or 


higher class hams is 
sufficient. If by chance 
you contacted a mobile 
station that just happened 
to be parked on a county 
line, you may claim all the 
counties in which a piece 
of the mobile resided. It's 
sort of like getting two or 
more for the price of one, 
but the mobile operator 


must indicate clearly on 
the QSL which counties 
may be claimed. 

To apply for this award, 
you must use a special 
record book available for 
$1.00 from the sponsor. 
Complete rules and pro¬ 
cedures for the awards are 
contained in this record 
book. After the initial 500 


counties have been 
worked, you can submit 
additional 500 county lists 
for the higher class seals. 
These higher class appli¬ 
cations can be made using 
the record books, but a 
self-prepared list is ac¬ 
ceptable. 

The other award is the 
United States County 


1976 and your BICEN¬ 
TENNIAL Callsigns are 
almost here! 

ORDER your QSL cards 
immediately to be sure you 
have them in time. Try to be 
the first (this time) in your 
area with a special 
BICENTENNIAL QSL card. 

These cards are gorgeous - 
red, white and blue (you were 
expecting fuscia and mauve?). 

And they are 100% custom 
made ... with the exception 
of the bicentennial design and 
contact report form on the 
back ... you can have your 
own call letters (unless you'd 
rather be AC2NSD/1 for a 
year (which is no bargain, 
believe it). 

You also get your own name and address on the card (unless you happen to be 
another Wayne Green, which happens). 

These cards are ganged up into large batches and run off the 73 presses in 
between other work, so you don’t get real fast delivery, but you do end up with a 
fantastic QSL at a ridiculously low price (and there are a lot of fans for that sort of 
service these days). Somewhere in between producing 73 and BYTE, the staff 
manages to get QSLs set up and printed. It’s a living. 

Suggestion: order today, right now, not later, not next week. Send cash, check, 
money order, stamps, IRCs, Master Charge or BankAmericard numbers ... send 
something negotiable. ORDER-AND PAY 

□ 250 cards.$ 7.50 

* □ 500 cards.$12.50 

□ 1000 cards.$20.00 

lank (any other will do as well) 


AMOUNT ENCLOSED $_ 


official oi 

Please indicate correct bicentennial prefix for your call. 


K 


QSL CARDS 73 MAGAZINE PETERBOROUGH NH 03458 USA 

Domestic orders only. 


193 







Hunter's Award (US- 
CHA) sponsored by the 
Certificate Hunter's Club 
This certificate is printed 
in black on an off-white 
parchment-like stock 
measuring 22Vi inches 
wide by 17Vi" high. The 
design features an outline 
map of the U S. with each 
county defined and la¬ 
beled It is intended that 


as the county hunter 
moves from class to class 
in his quest for the magic 
3076, he will color in each 
new group of counties in a 
different color. The end 
effect is a mosaic-like 
color map of the U.S. You 
can get it by submitting 
proof of having had two- 
way contacts with amateur 
stations in 300 counties. 


However, U.S. hams must 
include at least one county 
from each of the SO states. 
In other words, you've got 
to work all states before 
you can get started on this 
one. DX stations, though, 
get a break. They need 
only include counties from 
30 states. Any contact 
may be claimed, but at 
least a 3x3 report each 


way is required. You don't 
need QSL cards, but your 
log must contain all the 
required data, and two 
General or higher class 
hams must certify it's all 
there. If by chance you 
should work a mobile 
station that just happens 
to be parked on a county 
line, you must choose 
which of the counties you 
want to claim. If you need 
all the counties involved, 
you must establish sep¬ 
arate contacts for each of 
them Sure it's crazy, but 
that's the rule. 

To apply for this award, 
you must use a special 
record form set available 
at 3/$1.00 from Cliff 
Evans K6BX. Complete 
rules and procedures are 
included in the form. 
After the initial 300 coun¬ 
ties have been worked, 
you can submit additional 
300 county groups for 
higher class seals, but you 
must use the special form 
set for each application. 

Once you've decided 
which of the two awards 
you want, or decide to go 
after both of them, you're 
ready to go. You'll very 
quickly discover, how¬ 
ever, why only 120 or so 
hams managed it. For one 
thing, there are quite a 
few counties in this coun¬ 
try that contain no active 
hams Even when there 
are a few active hams in a 
county, it may still be out 
of your reach because 
those hams operate on 
bands or use modes you 
don't. But, if you're fairly 
active, take advantage of 
state QSO parties and 
similar activities, check 
into state and regional 
traffic nets, and partici¬ 
pate in the Field Day 
contest, you stand a very 
good chance of nailing 
down a couple thousand 
counties in two or three 
years. After that, they'll 
come very, very slowly. 
Under normal circum¬ 
stances, it should take you 
around ten years to finish 



Anti, we’ll promise you only one thing. The most adventurous vacation you have 
ever experienced. Hop aboard our schooner for 10 sunfiiied days and moonlit nights. 
A congenial group of shipmates now forming and setting their heading for Saba, 
Grenada. St. Lucia. Guadaloupe. And. Dutch St. Maarten. And, French Martinique. 
Explore pink, white and black sand beaches. Scale the cliffs, climb a volcano, prowl 
old forts and quaint towns. Hoist the sails, take a turn at the wheel or feet on the 
rail and let us do the work. Then limbo to a steel band and fall asleep under a star 
spangled Caribbean sky.Share from S250. If you have the spirit... come Windjammin'... 
a true life adventure. This coupon will bring you a full color adventure brochure. 

SPECIAL HAM DISCOUNT 

Send me your color brochure on 10 day “barefoot' vacations from $250. 



©Windjammer Cruises. 

Past Office So* 120. Dept. 00. Miami Beach. Florida 23139. 
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up Why? just think what 
the odds must be against 
your randomly tuning 

around one day and find¬ 
ing a mobile calling CQ 
from the one county in 
Montana or Wyoming or 
wherever you need. 

The Nets — Or How To 

Cut It Down To 

Just Four or Five Years! 

Obviously there has to 
be a better way — and 
that way is the county 
hunters' net. Actually 
there are several nets 
operating in the CW and 
SSB segments of 20, 40 
and 80. The best known 
and most popular of the 
nets is the 20 meter 
Independent County 
Hunters' Net (ICHN) op¬ 
erating daily at 14.337 
MHz It normally starts up 
between 14:00 and 15:00 
UTC and continues in 
operation until the band 
folds During the summer 
months a 40 meter ICHN 
operates at 7.237 MHz. 
This net starts up around 
01:00 UTC and continues 
in operation until the last 
county hunter pulls the 
switch. Both of these nets 
are truly independent, 
having no affiliation with 
any organization and fol¬ 
lowing no formal operat¬ 
ing procedures. Though 
both will accept emer¬ 
gency traffic and render 
what assistance they can, 
they exist primarily to get 
county hunters together 
with mobile stations. 

Another net that plays 
an important role in 
county hunting is the 
CHC-FHC Service Net 
that meets daily on 3.943 
MHz. It usually starts up 
around 8:00 pm local time 
and runs past midnight. 
Depending on the season 
of the year and propaga¬ 
tion conditions, the net is 
restricted to an area of 
only a few hundred miles 
diameter, or may operate 
coast-to-coast. This net, 
as the name implies, is a 
function of the Certificate 
Hunter's Club. Although 


it will accept emergency 
and time-controlled traf¬ 
fic, its prime function is to 
aid amateurs in their 
quest for the thousands 
and thousands of certifi¬ 
cates and awards avail¬ 
able to the ham commun¬ 
ity. CHC membership is 
not required; everyone is 
welcome to check in. 
However, since only a 


small portion of the avail¬ 
able awards are county 
oriented, you hear a lot of 
non-county hunting activ¬ 
ity. Nevertheless, at one 
time or another, just about 
everyone of the 3076 
counties have run on the 
CHC-FHC net. 

It will take you a while 
to get used to the rather 
haphazard operations of 


these nets. Generally, the 
process begins with a 
county hunter picking up 
net control and getting a 
couple of others to act as 
relay stations. After get¬ 
ting things going, the net 
control will put out a 
QRZ mobiles'' call 
Those mobiles on frequen¬ 
cy wanting to give out 
contacts from their coun- 
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American Made Quality at Import Price 

The Incomparable 12 Channel 
2 Meter FM Transceiver 


Here's an outstanding value 
that delivers 20 Watts of 2 meter 
FM power. The unique front 
panel mode switch enables 
predetermined or independent 
paired frequency operation. LOCK 
mode provides full 12 channel 
transceive on frequency pairings 
normally used in your area. 

UNLOCK mode permits up to 
144 possible frequency 
combinations. The receiver gives 
0.4 ycv sensitivity and 3 watts 
audio output. All of this 
for only 


s 259 00 




■es\CK± ELECTRONICS, INC. 

7707 RECORDS STREET 
INDIANAPOLIS. INDIANA 46226 


An FM Model For Every Purpose.. . 
Every Purse 


HR-228 
« 220 MHZ FM Tran 




ties then identify them¬ 
selves and standby. Nor¬ 
mally the mobiles are run 
in the order they are 
acknowledged by net con¬ 
trol, but sometimes the 
order is adjusted to allow 
for differing in-county 
times. 

The run itself begins 
when the net control 


announces the mobile's 
callsign and county, has it 
repeated by the relay 
stations, and gives the 
mobile a starting time in 
UTC. The mobile then 
puts out a "QRZ such- 
and-such county, such- 
and-such state". That's 
when all hell breaks loose! 
Unlike the more sophisti¬ 


cated nets, the county 
hunters' nets have no 
calling order — it's every 
ham for himself, just like a 
DX pile up. I wonder how 
many hams have stum¬ 
bled across these pile ups 
only to go away mumbling 
to themselves when they 
discovered the fuss was 
over a W6 somewhere in 



California. Adding to the 
fun is the usual 20-over 
splatter and an assort¬ 
ment of carriers as well as 
a group of lids whose total 
ham activity seems to be 
tuning up and saying 
"hello test" on net fre¬ 
quencies No one knows 
why. but it is a fact that 
more of these mental 
midgets prefer to do their 
things on the county 
hunters' nets than on any 
other. Even with the 
QRM, the mobile opera¬ 
tors do an exceptionally 
fine job of making con¬ 
tacts. When propagation 
makes contacts difficult, 
other stations on the net 
will help you by relaying 
the mobile's call, county, 
state and any other need¬ 
ed information. But, 
you've got to get your 
signal reports across with¬ 
out help from anyone. If 
you can't exchange the 
reports by yourself, 
you've got no contact. 
However, since signal 
strength can vary from 
minute to minute, you'll 
get a second chance at the 
end of the run if time 
permits. 

QSL Cards - 
How To Get Them 

Getting confirmations is 
a problem that plagues all 
aspects of ham radio. Of 
course, depending on 
which award you want, 
you may not need confirm¬ 
ations, But, if you do want 
them, you’re going to have to 
go get them. You can’t just 
sit back and wait for them to 
magically appear in your 
mailbox. 

One method that works 
fairly well with fixed 
stations is to include with 
your own QSL a self- 
addressed, stamped en¬ 
velope (SASE). Of course, 
you're still depending on 
the other station having 
QSL cards, and being 
willing to take the time to 
look up your contact in his 
logbook A better method, 
and the only one to use 
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with mobile stations, is to mobilers provide the "initial contact" cards it! You can get more 
prepare a QSL from the bureau with QTH informa- free of charge when they information about its op- 
other station to yourself, tion about portable and accompany your reply eration by sending an 
Since your purpose is to extended mobile opera- cards. With over 500 SASE to P.O. Box 146, 
get confirmations, not tions to which you would active county hunter Lakeside CA 92040, 
pretty multi-color cards to otherwise have no access, members, the bureau can Bob Schmarder 
decorate your shack, you Since it is expected that get you a confirmation for WA2AEA operates the 
can use a simple 3x5 index you will want to send the better than 95% of your other county hunters' QSL 
card. All you have to do is mobiler your own QSL contacts. Generally speak- bureau, the QSL Clearing 
list all the required data: after the first contact, the ing, if the bureau can't get House, its operation is 
the other station's call- bureau will forward these you a confirmation, forget very similar to the 
sign, date and time of 
QSO, frequency and 
mode, signal report (the 
one he gave you), the 
county(s) and state(s) he 
was in, and clearly indi¬ 
cate where he is to sign if 
he agrees with your data. 

If you prefer, you can use 
commercially printed re¬ 
ply cards available from 
WA2AMM, K7LTV, 

K9EMV and others. Put 
your name, address and 
return postage on the 
other side and you're in 
business. 

The Bureaus 

Considering that you 
must pay letter postage to 
the other station and 
postcard postage back to 
yourself, it's going to cost 
quite a bit. You can cut 
the cost down by waiting 
until you've worked a 
station numerous times 
and then putting all the 
data on a single card. The 
most economical way to do 
it, though, is to use one of 
the two county hunters' 

QSL bureaus. The best 
known of these is the 
Mobile QSL Bureau oper¬ 
ated by Dave Manescu 
W6CCM. This is the 
bureau the regulars refer 
to in such phrases as "via 
the bureau", and "via 
Charlie Charlie Mike". 

The bureau will forward 
your reply cards to the 
appropriate stations and 
then return the signed 
cards to you for just 6 
cents each, or 20 for 
$1 00. Another benefit 
you derive from using the 
bureau is the certainty 
that it has on file the latest 
QTH of the stations 
you've worked. Many 
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W6CCM bureau, but it 
offers some additional 
services. Whereas the 
W6CCM bureau will ac¬ 
cept cards only for con¬ 
tacts made on the 20 and 
40 meter ICHN and the 75 
meter CHC-FHC nets, the 
Clearing House will also 
accept off-net cards, 
though at a higher price. 
However, since it has 


fewer members involved 
in county hunting, turn¬ 
around time is a little 
longer. For information 
about this bureau, send an 
SASE to 4 Pinewood 
Circle, Corning NY 14830. 
MARAC 

Although originally 
founded to provide a 
meeting place for active 
mobile operators, the 


Mobile Amateur Radio 
Awards Club has evolved 
into the county hunters' 
organization. Among its 
activities is the publica¬ 
tion of a monthly news¬ 
letter which has become 
the bible of county hunt¬ 
ing. You'll find in each 
edition lists of counties 
needed by members to 
finish particular states, 


planned mobile trip itiner¬ 
aries, notices about coun¬ 
ty hunter get togethers 
throughout the country 
and other information of 
interest. 

Another MARAC activ¬ 
ity is the sponsorship of an 
awards program built 
around mobile operation, 
but available to the fixed- 
station operator as well. 
The most popular of these 
awards is the MARAC 
Last County Award. This 
award is available to any 
station, fixed or mobile, 
that provides another sta¬ 
tion with its last county in 
a state. Seals are available 
for additional last county 
contacts with other sta¬ 
tions. A special plaque is 
awarded to the station 
providing the 3076th 
county to another station. 
If you qualify, you can 
apply for these awards 
yourself. However, as a 
matter of practice, many 
stations will apply for the 
award in your name when 
you give them their last 
county in your state. 
Other awards are avail¬ 
able for working a mobile 
station in each of the 50 
states, for working each of 
the 50 states mobile-to- 
mobile, for working YLs in 
various numbers of coun¬ 
ties, and for giving out 
contacts from various 
numbers of counties and 
states. 

If you decide you want 
to get into county hunting, 
membership in MARAC is 
a wise investment. You 
can get complete informa¬ 
tion about MARAC mem¬ 
bership, its awards pro¬ 
gram, suggested operat¬ 
ing procedures for use on 
the nets, sample reply 
cards and other county 
hunting information by 
sending a self addressed 
large business size (#10) 
envelope with first class 
postage for 3 ounces to 
Bertha Eggert WA4BMC, 
P.O. Box 6811, Southboro 
Station, West Palm 
I Beach FL 33405. 


~SLEPELECTRONICS IS NOW SHIPPING - 

COLLINS COLLINS COLLINS 
NEW IN FACTORY SEALED CARTONS 

KWM-2A Transceiver.$1,760.00 MM-1 Hand Mobile Mike.36.00 

75S-3C Receiver .1,200.00 MM-2 Mobile Mike/Earphone .133.00 

32S-3A Transmitter.1,440.00 SM-3 Desk Microphone.80.00 

30L-1 Linear Amplifier. 767.00 MP-1 12V Power Supply KWM-2, 2A . . . 365.00 

312B-3 Speaker.40.00 51S-1 Communication Receiver.2,567.00 

312B-4 Console. 300.00 55G-1 VLF Preselector 51S-1 . 333.00 

312B-5 Console/VFO .573.00 TOP TRADES GIVEN for New Collins if you 

516F-2 Power Supply .220.00 have Atlas, Drake, Collins, Swan, Tektronix, 

136B-2 Noise Blanker.267.00 Hewlett-Packard, Military Surplus Receivers, 

302C-3 Wattmeter. 200.00 Signal Generators. Oscilloscopes. 

DL-1 Dummy Load.133.00 


TUBES TUBES TUBES — NEW FACTORY BOXED 

572B/T160L. 19.50 6LQ6/6JE6C Swan Matched.@5.25 

3-500Z.49.00 8950 Swan Matched .@6.00 

3-400Z.49.00 8122 .55.00 

6146B/8298A .6.00 8874 .50.00 

811A.9.50 8875 . 50.00 

6JB6A Drake Matched.@4.50 4CX250B/7203 .32.50 

6KD6 Swan Matched.@7.50 


CUSHCRAFT ANTENNAS 

A147-4 146-148 MHz 4EL Beam.14.50 

A147-11 146-148 MHz 11EL Beam.23.95 

A147-22 146 148 MHz 22EL Beam.68.50 

AFM-4CJ Pole 144-148 MHz .52.50 

ARX-2 Ringo Ranger 135-170 MHz .26.50 

ARX-2K Converts AR-2 Ringo to ARX-2 

Ringo Ranger.10.95 

ARX-220 Ringo Ranger 220-225 MHz ... 26.50 
ARX-450 Ringo Ranger 435-450 MHz . . . 26.50 
A50-5 50 MHz 5EL Beam.38.50 


MINI PRODUCTS 

HQ-1 Hybrid Quad. 4 band 6. 10, 15 and 20 

Tuning Radius &2", Wt. 15 lbs.. Power 
Rating 1200 W PEP. Ideal for small area 94.50 
C-4 Coaxial Vertical Antenna 6, 10, 15 and 20 
meters. Height 1154 ft., Wt. 8 lbs., 1200 W 

PEP .42.50 

B-24 Two Element Beam Antenna 6, 10, 15 and 
20 meters. 1200 W PEP F/B 6-8dB, Length 11 
ft.. Boom 5 ft.. Turning Radius 654 ft., Wt. 13 


BARKER & WILLIAMSON 

Model 3002W Universal Hybrid Coupler Phone 
Patch with built-in compreamp. The best of 

all phone patches.112.50 

CC50 Dipole Antenna Center Coaxial Cable 
Connectors used to make strong connection 
between coaxial feed line and center of dipole 

antenna .7.50 

Model 375 Protax Antenna Switch with auto- 

SO-239 connectors.18.50 

Model 376, same as above 5 position side 

mounted S-239 connectors.18.50 

Model 370-10 Window Mounted Antenna, 57" 
extended, 23" retracted, 20, 15, 10, 6, 2 and 
CB bands, rated 360 Watts PEP, VSWR 1.1:1, 
ilers, boats, motels, 
.29.95 


MICROPHONES 

Shure 444 SSB Desk Microphone, with off-on 
vox switch. Perfect audio match to any 

amateur transceiver .S 32.50 

Drake 7075 Desk Top Microphone for use with 

all Drake equipment.39.00 

Drake 7072 Hand-Held Microphone .19.00 

Shure 444T SSB Desk Microphone with off-on 
VOX switch. Has built-in transistorized pre¬ 
amp .42.50 


>/. We accept Master Charge. N.C. Residents add 4% Sales Tax. 


-m Phone Bill Step - 704-524-7519 

>leu P.O. Box 100, Highway 441 - Dept. 73, Otto NC 28763 

Electronics Co- 









































CWJ 

Everything discussed so 
far relates primarily to 
phone operation. But if 
you prefer CW to phone, 
there's another organiza¬ 
tion that will interest you: 
the CW County Hunters' 
Net (CHN). The CHN 
operates a net on 3.594 
MHz every Monday at 
24:00 Z, on 7.055 MHz 
every Wednesday at 23:00 
Z and Sunday at 14:30 Z, 
and on 14.070 MHz every 
Saturday at 14:00 and at 
20:00 Z. Don't be too 
surprised if you can't find 
any activity at these 
precise times and fre¬ 
quencies. Just look 
around a little for the 
"QRZ CHN" call. 

While your chances of 
finding a mobile station 
calling CQ in the phone 
bands are pretty good, the 
same can't be said for. the 
CW bands. Fortunately, 
many of the CW county 
hunters are also mobilers 
and run frequent trips for 
the net. Since these trips 
are not necessarily run 
during scheduled net ses¬ 
sions, you'll want to 
subscribe to the monthly 
CHN newsletter. In addi¬ 
tion to general county 
hunting information, the 
newsletter gives advance 
notice and itineraries for 
those special mobile trips. 
You can get a one-year 
subscription, and mem¬ 
bership in the CHN, by 
sending $2.00 to Jim 
Hoffman K1ZFQ, 42 
Cresham Street, Milford 
CT 06462. 

The CHN also sponsors 
a county hunters' award 
program of interest to 
both CW and phone 
operators. The United 
States of America Coun¬ 
ties Award by Call Areas 
is essentially a step-by- 
step all counties program. 
You can get an attractive 
certificate each time you 
complete working all the 
counties in a particular 
call area. KH6 and KL7 
are considered separate 


call areas for this award. 
When you've got all 
twelve awards, you'll get 
a trophy for your efforts. 
Other awards include 
working a mobile station 
in each county of a 
particular state, working 
the same mobile in each 
county of a particular 
state, and for giving out as 
a mobile operator contacts 


from every county of a 
particular state. You can 
get more information 
about the CHN awards 
program by sending an 
SASE to George Leven- 
salor W1DPJ, 399 Buck 
Street, Bangor ME 04401. 

If you want QSLs for 
your CHN contacts, you 
can take advantage of the 
CHN QSL Bureau oper¬ 


ated by K1ZFQ. The use 
of self-prepared reply 
cards is standard operat¬ 
ing procedure on the CW 
nets too. In exchange for 
some of your self- 
addressed stamped enve¬ 
lopes, the bureau will 
handle all of your initial 
contact and reply cards for 
contacts made on the 
CHN, whether regularly 


S.D. SALES CO. 

P.O. BOX 28810 DALLAS, TEXAS 75228 

6 Digit Digital Clock Kit 

We wanted our word to mean something to you. When we first introduced 
our clock we used such words as '‘impossible”, "unbelievable bargain”, 

“prime quality", and "unconditional money back guarantee". We antici¬ 
pated selling several hundred kits. Your response to our clock has been 
fantastic. Now several thousand kits later, we hear such comments as 
"outstanding value", "exceptional service”, "1 can't believe it", etc. One 
enthusiastic customer even wrote saying it was “the best thing since 
bottled beer.” 

Here's What The Kit Includes: 

1 — MM5314 National Clock Chip with socket 

6 — Common Cathode Led Readouts (.25 in. char.) 

13 — NPN and PNP Driver Transistors S A95 

2 — Push Button Switches for time set *41 

I I WITH SPECS 

;:'rr.?,ps postpaid 

9 — Carbon Resistors 

P.C. BOARD FOR ABOVE - $3.00 each 

In keeping with our philosophy of service, quality, bargains and no back 
orders, we want to offer you another S.D. first. Were betting a silver 
dollar* that if you order 2 complete kits for $28.90 (with PCB and XFMR) 
you will be completely satisfied or return the two kits for a complete 
refund. You keep the dollar, regardless! Bet you didn’t know that S.D. 
meant silver dollar.* (It doesn’t, but it serves our purpose this month.) 

Offer good until Nov. 30. 

<* New Style Clad Dollars) 

2N2222 BY ITT 

Silicon NPN. TO-92 Plastic Case. 8 for $1 

936 DTL BY ITT 

Prime, house numbered. Hex Inverter 

NA TIONAL 2K ERASEABLE PROM 

2048 Bit. italic units. U.V. light eraseable. MM5203. 
Factory prime new units. Special — $12.50 

subminiature TRIMMER CAPS 

Ultra stable. Range: 3.5 to 18 PF. 2 for$1 

DIGITAL CLOCK CHIPS BY NA TIONAL 
FACTORY NEW UNITS! 

MM5314 - 4 or 6 diflits. 24 pin OIP, Use with LED 
Readouts. With Specs. — $3.96 

MM&316 - Alarm chip. 40 pin DIP S4.44 

Dual section. 2000 MFD and 1500 MFD at 30 WVDC 
Twist Lock 79c ea 3 For $2 

NA TIONAL VOL TAGE REGULA TOR 

Like 7805 5VD ^" 1 AMP Output Hm * T <>‘220 plastic 

TEXAS INSTRUMENTS 8 DIGIT CALCULA TOR CHIP 
TMS0 103NC. Four function. Same style as used in Tl 
pocket calculators. Factory new units, with specs. 

JN4148 COMPUTER DIODES 

1AMP TOOO PIV SILICON RECTIFIERS 

IN4007 Factory prime devices 10 for $1 00 

FULL WAVE BRIDGE 

By 6.1. 15 AMP 800PIV - 75c 

741COPAMPS 

Prime, factory tested and marked. Full spec on an 
parameters. Not re-tested, functional only, units as sold 

741CH*^ TO-5 6 Lead Metal Can.3/$1 

741CV - 8 Lead Mini Oip.4/$i 

2N706A 400MHZ TRANSISTORS 

Silicon NPN t WATT TO-18 Case 5 For $1 

723CH PRECISION VOLTAGE REGULATOR 

Build a circuit regulating the voltage from 2 to 37 
volts. Complete specs included One of the easiest to 

DISC CAPACITORS 
.1 MFD 50V-12/S1 .01 MFD50V-20/$1 








99< 1C BFO 


by 

Richard L. Price WB5MJT 
1506 Morgan Blvd. #106 
Harlingen TX 78550 

R ecently I was approached at the FM 150 MHz and is rated at 200 mW dissipation. 

station where I work by one of the With a few minor changes in the tank and 

announcers who wanted to know what the elsewhere, this basic circuit can be used as a 

funny voices and pulses he heard on his QRP phone or CW rig, signal source, BFO at 

all-band radio were. After I tried to explain frequencies other than 455 kHz, or in other 

in simple terms that it was CW and SSB and circuits as a LO, etc. 

why they sounded that way, he gave a blank Maybe this will prompt some of us to do 

look and asked if I could fix his radio so he some experimenting with the 703 for 

could understand what they were saying. preamps and such but just as important, I 

Later, after going over a multitude of hope the circuit will help some beginners 

circuits, all requiring transformers, trimmers, and Novices get their feet wet in building 

pots, and a good deal more effort than I and using home brew gear in their station. ■ 

thought the project deserved, I was 
reminded of a similar situation involving a 
12 year old cousin who wanted an AM 
wireless mike. The wireless mike used a 
National LM703 rf i-f amplifier in a simple 
oscillator circuit. A quick check to a 
reactance chart and replacement of the 
original speaker/mike with R2 gave the 
circuit shown here: a 455 kHz BFO using 
only a handful of common junk box parts, 
requiring only about 30 minutes to build. 

At the time of this writing the LM703 
only cost 99 4 for single units at Radio Shack 
for tested ICs. The 703 is good to at least 

♦ 9V 

I 
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Empty State 


W e call transistors and such solid state 
now, because they are dense. Small, 
but solid. They have an almost mythical 
twin, an empty state device, which is larger 
in outline — much larger - but so unsub¬ 
stantial that the working elements if turned 
edge to, would disappear. By actual rather 
than apparent volume, or weight, these are 
negligible, and the container is 99% empty. 
This doppelganger of the solid state device is 
called a valve, or tube. 

Two generations ago, there was practi¬ 
cally no solid state device in use and the 
valve was called upon, singly or in rows, to 
do any electronic job that had to be done. 
When solid state became popular, we tried to 
apply what we knew about valves to them. 
We were slapped on the wrist by the 
authorities, who, to a man, pontificated that 
there was no relationship whatever. 

This was obviously an exaggeration, but 
this fact was apparent only to the unedu¬ 
cated. For the valve certainly had an emitter, 
a base, and a collector, though they were 
called by different names. 

Solid state elements, such as the tran¬ 
sistor, emit electrons - or holes — at 
ambient temperatures. This requires no 
heating power at all, but when the ambient 
temperature falls to zero or below, the 
transistor stops working. The valve keeps 
right on working, because the temperature 
of the emitter is raised to 1,000 degrees 
Centigrade, or higher. This can be done by a 
flashlight battery if the emitter is in the 
form of a filament about one thousandth of 
an inch thick. Larger elements require more 
power, of course. 


In general, it has escaped notice that the 
empty state devices can be wired in all the 
ways that solid state devices can. For 
instance, for highest gain, there is the 
grounded emitter. Grounded base gives sta¬ 
bility and negative feedback, just as with 
solid state, and is particularly popular for 
linear amplifiers. Even grounded collector is 
used, as with a large device which has a high 
collector capacity, and so is grounded to 
permit very high frequency operation. This 
is encountered only with large water-cooled 
valves. Valves are also connected in the 
Darlington mode, but this is more trouble¬ 
some than with transistors, because of the 
heater supply. Oh, I almost forgot - 
grounded collector modes are used with 
small valves after all, when a low impedance 
output is desired, as with feeding a long 
audio transmission line. In this application 
the valve circuits are called "cathode 
followers.” Isn’t this a quaint name? 

Input is connected to the base, and 
output from the cathode. The drop is from 
the emitter (cathode) through the load 
resistance to ground. It is called a "cathode 
follower” because the cathode signal voltage 
goes up and down along in phase with the 
grid voltage, and a very little bit less. But 
while the grid current is extremely low, the 
cathode current and the signal available is 
substantial, and the distortion negligible, 
because of the 100% voltage inverse feed¬ 
back. 

There was a time when hi-fi addicts hated 
output transformers, claiming that they 
always changed the signals into something 
else, not even recognizable. They wanted 
“OTL,” or "Output-Transformer-Less cir- 


In general, it has escaped 
notice that the empty 
state devices can be wired 
in all the ways that solid 
state devices can ... 
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Think of the cathode fol¬ 
lower as a boy in a box ... 


cuits,” and a number of workers zeroed in 
on this one. 

Think of the cathode follower as a boy in 
a box. A black box, of course. You feed in 
power at one end, and get regulated power 
out the other end. Or you get a substantial 
signal out, even though the output imped¬ 
ance is low. What you don’t know is that the 
output variations would be wild, except that 
the boy has a big rheostat in there. When 
you screw up the output, he unscrews it 
with his big rheostat, and you don't see the 
change you would otherwise see. But this 
holds only over a certain range. When the 
kid runs out of rheostat range, the output is 
suddenly as bad as it would have been all 
along without the kid and his rheostat 

Several amplifiers were built using 
cathode follower principles. One used four — 
count them, four UV 211 50 Watt bottles, 
with a transmitting power supply. It figured 
an Ampere at 1200 volts, or some such. The 
amplifier actually did work, and sounded 
good, but the designer admitted that the 
thing was highly impractical. 

The valve can be operated in any of the 
classes that transistors or FETscan: A, B, C, 
D or in between. But while a transistor 
normally operates class B and has to be 
forward biased for A operation, the valve 
needs a negative bias for class A. 

All together, a valve base circuit is 
essentially high impedance, like an FET and 
most unlike a transistor. The output is 
lower, usually very much lower, like the 
FET again, and most unlike the transistor, 
whose collector impedance is higher than its 
base impedance. Circuitwise, this is the 
most important difference between solid 
state and empty state devices. 

The empty state device was invented by 
Lee deForest in 1906. He called it an 
audion. He wasn't sure how it worked, and 
neither was anyone else in those days. The 
electron had been discovered and weighed, 
but had no more impact on industry than 
the theories of A. Einstein. Valves were 
called thermionic up until the middle 
thirties, just as if ions had anything to do 
with their operation. Then, suddenly, they 
were electron tubes. 

The AT&T Co. was building a trans¬ 
continental line in those days. By using the 
loading coils of Michael Pupin, and wires as 
big as your thumb, they had gotten a line 
that would talk from New York as far as 
Denver, but no further. A repeater, or 
two-way amplifier was needed. The direc¬ 
tions were separated by means of bridge 
circuits (called hybrids) and there was the 
Brown amplifier, which was a head receiver 
coupled to a carbon transmitter, essentially. 
This actually worked, but with high distor¬ 
tion and low gain. 


Mr. deForest’s bulb looked like the 
answer. AT&T bought rights from the 
inventor, and Western’s tube department - 
newly organized - improved it. They 
mounted the bulb on a four-prong, bayonet 
base to go in a shell-type socket. They 
retained deForest’s double wing pattern, 
with a grid and a plate on each side of a V 
filament. The V was supported at the top, 
and sometimes there were two Vs, or an M 
filament, called a W. 

The filament was made of platinum, 
coated with oxides of barium and strontium, 
of which the former was more active. 
Recently, this kind of coating has been 
called an N-type semiconductor, since it 
emits electrons. Tungsten and thoriated fila¬ 
ments also emit, but there is nothing semi 
about their conduction, so the concept 
doesn’t help much. The coating is, however, 
up to a hundred times more emissive than 
the others. It was invented by Wehnelt, in 
Germany, about 1902 or 1903, before the 
audion itself. 

Now AT&T could extend their trans¬ 
continental line to the coast. 

The repeater tubes looked very much like 
the WW I “VT-2” and were made and used 
up until the middle thirties. They were rated 
at 50,000 hours life. 

The device in the photo is a Moorhead 
Soft Detector, meaning that it contained a 
trace of gas. It dates back before 1920, and 
in those days it was still thought that a 
sensitive detector required the ionizing 
feature. The theory was that you critically 
adjusted collector voltage, emitter tempera¬ 
ture and base leak so that the device was 
barely beginning to ionize. Then a signal 
would come along and push it over the edge, 
and the collector, or "space” current would 
increase sharply. The VT-1, the receiving 
valve in WW I, was also soft, for the same 
reason, but was used at low voltages as an 
audio amplifier as well. 

The Moorheads included two other types: 
an amplifier and an oscillator, or trans¬ 
mitting tube. The last was called "The 
Golden Tube,” which could be due to the 
gettering employed. It is my belief that these 
tubes, together with the UV 200, 201 and 
202, had a smear of phosphorous pentoxide 
brushed on the plate. Over a long period of 
time, this would be evaporated and a molec¬ 
ular layer of phosphorus, or its compound, 
would be uniformly distributed over the 
glass. This gave it a beautiful golden color. I 
have a UV 202 and a UV 201 which both 
show this. The phosphorus was used as a 
“getter” to improve the vacuum and keep it 
high, and I must say I never saw or heard of 
a soft 202. After the UV 201-A appeared, 
early in the twenties, only metallic getters 
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High school physics 
students used to use test 
tubes with rubber 
stoppers, or even milk 
bottles (glass), evacuate 
them with the school 
pump, and burn them for 
a few hours. Those sealed 
with sealing wax didn’t 
last long ... 


were used. Perhaps the phosphorus was too 
hazardous. 

The Moorhead illustrated has some very 
odd features. For instance, the grid is a 
close-wound helix, free-standing, with the 
top end unsupported. This might make the 
tube outstandingly microphonic, or perhaps 
the length keeps the resonant frequency too 
low to bother. I'll have to try it and see. The 
emitter is tungsten (Wolfram) and is a simple 
hairpin loop, deForest fashion. The collector 
is supported at each side, and in this tube is 
tilted. 

The tilt puzzles me. The other two 
Moorhead types never have a crooked col¬ 
lector - they are ramrod straight. Mine, and 
all the others | have seen pictured, have this 
rakish tilt to them, like a JG’s hat. Maybe 
Moorhead was careless with these, but I 
don’t believe it. 

Back in those “spark” days, detector 
sensitivity was the classic problem. After all 
the critical adjustments of voltages, what 
else could you do? You could mount a 
permanent bar magnet near the tube. If you 
found the right tilt, and the right spot, and 
the right polarity, and the right distance, 
you could up your sensitivity to a marked 
extent. For trial, of course, you took the 
magnet in hand, but to use it you had to 
provide a bracket. It is hard to remember so 
far back, but it seemed that the magnet was 
always aimed downward a little. 

So it is possible - and I don’t insist on 
this explanation — that the collector was 
tilted so that the magnet could be clamped 
level, which would eliminate the necessary 
tilt adjustment. 

When broadcasting started, in 1921 or so, 
there were all kinds of tubes employed, 
including military types. Soon, however, 
there was a civilian market. The UV 200 and 
201 gave way to the first super tube, the UV 
201-A. This cost $9.00 when that was a 
day’s pay. But it took only a quarter of the 
emitter power that the UV 201 did, but 
more and better, you could hear a marked 
difference in the signals. 

In 1926, the ac tube was introduced. This 
activated the emitter surface with a separate 
heater, which could be heated by household 
ac with no trace of hum, thereby eliminating 
storage batteries with their damaging acid. 
The “no trace" was a purely theoretical 
concept - they did hum, slightly or a great 
deal, depending on circuit design. 

Then the multi-base and high output 
devices proliferated, and the empty space 
age came into full flower. 

Before WW II, the velocity-modulated 
valves appeared. One was the magnetron, 
used in radar and in cooking, and the other 
was the klystron. Both were essentially VHF 
devices. 


Radar demonstrated that valve detectors 
were not so hot at UHF, and the old 
cat-whisker crystal detectors were studied. 
With zone-melting and doping of germanium 
and silicon, it was possible to build solid 
state devices on a production basis with 
uniform characteristics for the first time, 
and the solid state age had its beginnings. 
The first radar detectors used point contact 
devices, but even these had to be doped. By 
"forming” currents, a tiny fraction of the 
wire contact was diffused into the semi¬ 
conductor, making a tiny local PN junction. 
The old-fashioned natural crystals already 
had their doping — of a random nature, 
which is why you had to hunt for “sensi¬ 
tive” spots. 

The next development was the 
point-contact transistor, but this chapter is 
well-known. In England there was a vogue of 
making your own transistor from the wafer 
in a diode. The stubs of heater wires from a 
broken tube were used, with a stem as a 
mount, the whole thing formed, and presto! 
One had his own homemade transistor. 

The experimenters used to make their 
own tubes, too. A number of workers used 
to burn out one filament of a double- 
filament headlight bulb, thus securing a plate 
or collector element. The filament was used 
in normal fashion as an emitter. This made a 
diode. A coating of tinfoil on the bulb made 
a base element with a mu of one tenth or 
one hundredth or some such. But con¬ 
sidering the high impedance of the input, it 
was still possible to get some gain out of the 
device. High school physics students used to 
use test tubes with rubber stoppers, or even 
milk bottles (glass), evacuate them with the 
school pump, and burn them for a few 
hours. Those sealed with sealing wax didn’t 
last long, but some workers went far beyond 
this. One ham actually made split-plate 
magnetrons of hard glass just before WW II. 
He said it was easy, but no one else 
duplicated his valves, so far as I know. 

The original magnetron had one cylin¬ 
drical plate. The next had a split plate, split 
into two troughs along their axis. This was in 
the early forties. The British invented the 
cavity magnetron, like an internal gear, with 
each cavity of such size as to be resonant at 
the operating frequency. Next, they were 
kept in phase by two wires that ran to 
alternate lips. This was a transmission line, 
and it kept the cavities oscillating in phase 
for more output power. 

Magnetrons were capable of large out¬ 
puts, but they were noisy. Small klystrons 
with tunable cavities were used as local 
oscillators for VHF superhets. Then came 
the tropo-scatter systems, with their IIOdB 
transmission paths — if you could call that 



During WW II Sylvania 
developed a tube which 
could be fired out of a 
cannon and survive ... 


These old devices may be 
moribund, but they’re tak¬ 
ing a long time to die ... 


much loss a “path”! The land terminals used 
klystrons so big they didn’t look like tubes 
at all; they were about seven or eight feet 
long, heavy, and filled with machinery for 
tuning. In tubes of that size, cathode emis¬ 
sion is a problem, especially peak emission. 
You can’t get it with just heat, direct or 
indirect. So an auxiliary cathode — filament 

- was set up and biased several hundred 
volts negative with respect to the main 
cathode. The auxiliary bombarded the main 
cathode and guaranteed enough peak emis¬ 
sion. I know very little about it, really - a 
good look and ten minutes of talk was all I 
got. But I do know something else: This 
system was invented by A. McL. Nicolson, 
who also invented the indirectly-heated 
cathode. All commercial tubes are licensed 
under his patents. The bombardment- 
emission patent number is different, though: 
# 1,210,678. I don’t know when it was filed 

— as early as 1915 or as late as 1919, or any 
time in between. The tropo system and the 
Texas towers date back to 1950 or so, some 
30 years later. 

There were various developments in these 
empty devices such as the lighthouse, or 
disc-seal tubes. They were so-called because 
of a kind of tiered construction that resem¬ 
bled a lighthouse. They were used at UHF 
and in radar systems. The highest develop¬ 
ment of the lighthouse tube is in the 416-B 
and -C triodes used in the TD-2 microwave 
system. They don’t look much like light¬ 
house tubes, but that is what they are, 
essentially. 

There are also the tiny nuvistor tubes of 
RCA, designed to compete with transistors. 
They can’t, really, but they do have a high 
gain and good output for their size, and 
come in many types. They are all metal with 
a ceramic base which is also the mount. 
They are tiny enough to hide in your ear, 
should you want to. 

For a long time, the tiniest tubes were the 
battery-operated hearing-aid types. They got 
smaller and smaller, and finally wound up as 
a flattened tetrode (glass) with wire leads 
instead of a base, tiny, and with a half volt 
filament. The idea was to burn three tubes in 
series from a dry cell. The filament drain was 
something like 20-30 mA. 

During WW II Sylvania developed a tube 
which could be fired out of a cannon and 
survive. It came in two types — an oscillator 
tube, and a thyratron. Both were hearing-aid 
sized, but they used indirectly-heated 
cathodes. The oscillator was a Doppler radar 
oscillator/detector with a range of only a 
few yards. At its nearest approach to a 
target, just when it began to pull away from 
it, it would fire the thyratron (gas tube) 


which controlled a lot of current and could 
directly fire the fuse that exploded the 
bursting charge in the shell. This was one of 
the hottest developments in WW II and was 
known as the proximity fuse. The secret was 
a simple one — the tubes were mounted 
coaxially so that there were minimum 
stresses due to rotation of the shell, and the 
elements were so wispy-light that they didn't 
absorb much energy from the shock of 
firing. Other tubes were initially used in the 
prototypes, and the special proximity tubes 
were refinements of them. 

The latest development is the traveling 
wave tube, used in the latest microwave 
systems. This one is a real darb. There is a 
spiral of tungsten (Wolfram) wire about the 
size and length of a screen-door spring. A 
signal starts at one end and is amplified in 
distributive fashion as it goes along, coming 
out the far end with considerable zap to it 
I’m wrong: Make the inner diameter of the 
spiral more like a soda straw. An electron 
gun at the input end shoots a beam of 
electrons down the center of this spiral to a 
target at the far end. I don't know what the 
target voltage is - 1000 volts or more, I 
think. What keeps the beam from spreading? 
A strong magnetic field squeezes it into a 
narrow, tight beam. Now, signals in a wire 
transmission line travel slower than the same 
signals in free space, or near the velocity of 
light. So far as I know, the best you can do 
with an accelerated electron beam is about 
half that velocity. So the TW tube effec¬ 
tively slows the wave to considerably less 
than the electron beam velocity by making it 
follow a spiral, while the beam goes straight. 
And the fields of the traveling electrons, in 
sweeping the wave along faster than it would 
otherwise go, add power to it continuously 
from one end of the tube to the other. If the 
signal had to drag the electron beam along, it 
would lose power. Result: a very broad 
band, comparatively high-power amplifier 
that works in the higher GHz. 

The tube itself is about 18 inches long, 
about an inch thick, with a swollen end 
where the gun is. No base, flexible leads. It 
looks like a fever thermometer for elephants. 

I do not guarantee the accuracy of the 
sketchy explanation of the TW tube. I don’t 
understand it myself, so that is the best I can 
come up with. But improving on it is not a 
project, it’s a career. 

The burden of my thesis is clear enough. 
These old devices may be moribund, but 
they're taking a long time to die. This 
vitality is due to their suitability for certain 
special jobs, and should keep them with us 
for those applications for many years to 
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The "Little Log” 
for 40 to 20m 


by 

Gordon Stewart VE4GS 
26 Dominion Bay 
Thompson, Manitoba 
Canada R8N IL3 


T his log-periodic type of antenna will 
likely be of interest to SWLs who have 
a couple of dipoles or random wires tied to 
their receivers. Although designed for 7 to 
15 MHz as an experiment in compact log- 
antenna performance, it is usable for receiv¬ 
ing from 6 to 16 MHz. 

Using it for transmitting on 7 and 14 
MHz it showed about 2.5:1 swr. The swr 
throughout the range varies more than one 
would like for transmitting use, but seems to 
cause no problem when receiving. I would 
describe the general receiving performance as 
a very good dipole on all frequencies in the 
range or a slightly degraded 2 element beam. 
The front to back ratio seems to vary from 
unity to about 12 dB, depending on the 
angle of the signal off the back. Fading 
seems to be less than when a dipole is used. 

The poles used to support the antenna 
should be at least 30 feet high — 60 feet 
would be even better. 





-o- 


Figure 2: %" plexiglass (6 req'd., 1 at each 
center element). 



Figure 3: Two methods of feeding. Clean 
and solder all joints properly! 

Be sure to transpose the element feeds as 
shown in Fig. 1. 

The antenna can be fed through a 4:1 
balun at the front element and coax run to 
the receiver. If a 300 Ohms line is available it 
could be run to the receiving room and then 
put into a 4:1 balun, with a length of coax 
used to the receiver. Because of the diffi¬ 
culty in making an all band antenna tuner, I 
suggest you use the balun, either ready made 
or from a kit which is available at a 
reasonable price. 

This log, for casual use, represents the 
smallest size that is practical for the fre¬ 
quency range given - using performance 
versus size as the trade-off point. Wire size is 
not critical: #14 or #16 should be satisfac¬ 
tory. 

Good listening! ■ 


Fading seems to be less 
than when a dipole is 
used ... 
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Using A 

Bargain Surplus Keyboard 


by 

Cole Ellsworth W60XP 
10461 Dewey Dr. 

Garden Grove CA 92640 


I recently became the owner of an ASCII 
(American Standard Code for Information 
Interchange) encoded four-row keyboard 
purchased from a local parts emporium. Of 
relatively recent surplus vintage, it had 
originally been used in a 
computer terminal. The keyboard 
electronics consisted principally of a 40-pin 
LSI encoder chip similar to the General 
Instrument Corporation AY-5-2376. Several 
7400 series chips composed the remainder of 
the circuit. Parallel format outputs included 
the 7-bit ASCI I code, plus a parity bit, and 
the key-pressed signal (keyboard strobe). In 
addition, two key-switch non-encoded 
functions were available: "REPEAT” and 
“INT” (similar to WRU). All outputs were 
TTL-compatible positive true logic levels, 
although each of the eight data bit outputs 
was capable of driving only one TTL load. 

The reason for acquiring the keyboard in 
the first place was to incorporate it in a 
computer terminal with video display to 
provide a man-microprocessor 
communications link. However, other 
applications came to mind, such as 
converting the 8-level ASCI I code to Baudot 


5-level code for amateur band use. And, 
should the FCC see fit to permit 8-level 
codes on the amateur frequencies, a proper 
interface would make such operation easy to 
accomplish. It became apparent that a 
number of keyboard support functions such 
as character counter, EOL indicator, repeat 
function generation, data output buffering, 
and keyboard strobe control would be 
required to provide maximum versatility in 
the aforementioned applications. 

After an analysis of the keyboard support 
requirements and a projection of probable 
usage of the keyboard in varied applications, 
a logic diagram evolved that met all the 
requirements for my particular keyboard. It 
should be noted that keyboards, like canned 
soup, come in many varieties. Some designs 
have data outputs that are negative true TTL 
levels (mark = low level). Some have mixed 
outputs where the strobe is positive logic 
and the data bits are negative logic. Some 
recent designs have on-board LSI encoders 
that have a built-in repeat function (the 
strobe signal pulses at a ten H/ rate when a 
character key is held down more than about 
Vi second) while others do not even have a 
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repeat key. So as to make the support logic 
as versatile as possible, a number of options 
were provided in the final design and the 
result was named the Keyboard Interface - 
version 1 (KBI-1). Fig. 1 illustrates the 
interface unit logic diagram and connection 
to the keyboard. Fig. 2 shows the Digital 
Read Out (DRO-1) logic diagram which 
includes the EOL decoder. 

Features 

1. Provides buffered (up to 30 TTL loads) 
positive true data outputs (U3, U4) for the 
eight data bits with either positive true or 
negative true inputs. 

2. Provides for strobed (3-state) outputs 
to allow connection to standard data bus, or 
normal 2-state outputs by means of jumper 
JM5. 

3. Provides repeat function generator if 
desired (JM6). 

4. Allows strobe and repeat functions 
from either positive or negative logic 
keyboard outputs ()M1, )M2, JM3, JM4). 

5. Provides four variations in strobe pulse 
outputs: 


a. Negative-going strobe pulse remaining 
at a low level until key is released (strap JM7 
A to B). 

b. Positive-going strobe pulse remaining at 
a high level until key is released (strap JM7 
A to C). 

c. Negative-going strobe pulse with 
variable delay and variable pulse width (strap 
JM7 A to D). 

d. Same as letter c except positive-going 
strobe pulse (JM7 A to E). 

6. Provides a character counter and LED 
display that counts only the printing ASCII 
characters plus space bar. Counter is reset to 
00 on receipt of ASCII LINE FEED 
function. 

7. Provides End-Of-Line (EOL) indication 
at any desired character count. EOL 
indicator is also reset by the LINE FEED 
function. 


Circuit Notes 

For interface to keyboards with positive 
true logic outputs, U3 and U4 should be the 
74367 non-inverting 3-state buffers. In this 




Inside view of console showing method of mounting and interconnecting the 
five PCBs and keyboard. The PCB on the far left is a catch-all for peripheral 
drivers and other accessory functions. 


case U3A and U4A are jumpered as follows: 
U3A - J Ml open, JM4 A to B; U4A - |M2 
open, JM3 A to B. Note that in this 
configuration all keyboard data outputs 
must be positive logic including the strobe 
and repeat signals. There is no provision for 
handling negative logic strobe and repeat 
signals when data bits are positive logic. If 
required, outboard inverters could be used in 
this case. 


For interface to keyboards with negative 
logic data outputs and negative or positive 
logic strobe and repeat signals, U3 and U4 
are 74368 inverting buffers. Pinout and 
control levels are identical with the 74367. 
For a negative logic strobe from the 
keyboard, U4A JM2 is open and J M3 A to 
B. For positive logic strobe, JM2 is jumpered 
and JM3 A to C. Similar jumper conditions 
apply to U3A for negative or positive logic 
REPEAT signals. 

If the keyboard has on-board repeat 
character function, then U1, U2A, and U3A 
are not required and may be disabled by 
connecting JM6 A to C (in this case U1 and 
associated capacitors and resistors need not 
be installed). If keyboard has the repeat 
function key but no repeat oscillator, 
connect J M6 A to B for a ten H/ pulsing of 
the keyboard strobe. 

If normal non-strobed bipolar data 
outputs are desired (no high impedance third 
state), connect JM5 A to C. If 3-state data 
outputs are desired (U3 and U4 pass data 
only during presence of keyboard strobe 
pulse and outputs revert to a high impedance 
state when strobe pulse is not present), 
connect JM5 A to B. For initial tests of the 
KBI-1, JM5 should be strapped A to C. 

The four variations in strobe signal 
output are selectable by JM7. Connect JM7 
A to B for negative-going strobe staying low 
until key is released, JM7 A to C for inverse 
(positive-going strobe staying high until key 
is released). |M7 A to D and A to E select 
negative or positive strobe pulses as required. 
U14A R5 and C4 are selected to provide the 
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required strobe delay, and U14B R6 and C5 
are selected to provide the desired pulse 
width. 

Thus, it is apparent that while the KBI-1 
will provide interface for the majority of 
keyboard logic configurations, all possible 
permutations are not available. The KBI-1 is 
not directly compatible with non-coded 
keyboards, keyboards coded for IBM codes 
such as EBCDIC or SELECTRIC, or 
Keypunch (Hollerith) codes. In other words, 
before you consider use of the KBI-1, your 
keyboard must meet three conditions: 1. 
Outputs must be in a 7-bit parallel ASCII 
encoded format with or without parity bit. 
2, Outputs must be TTL-compatible. 3. Must 
have a strobe (keypressed) signal output. 
The character counter section of the KBI-1 
provides a two-digit display (00 to 99) of the 
number of printing characters (and space 
bar) generated. A portion of this circuit is 
located on the DRO-1 board (sec Fig. 2). It 
will not count control functions. The display 
is reset to 00 whenever LINE FEED key is 
pressed. EOL indication is provided by lamp 
DS-1. This circuit operates by detecting a 
preset number determined by strapping 
outputs of U11 and U12 to the inputs of 
U7D. Decimal thumbwheel switches (SI, S2) 
may be used for convenience in changing the 
set point if desired. Otherwise, straps are run 
from U7D inputs to the desired outputs on 
U11 and U12. At the preset count, the EOL 
indicator illuminates and remains 
illuminated until LINE FEED key is 
depressed. 

Construction 

Circuit layout and wiring is not critical 
provided normal rules of TTL logic are 
followed. Printed circuit boards greatly 
facilitate and speed construction and are 




DRO I 


Fig. 2. Digital Read Out logic diagram, including EOL decoder. 
recommended in particular to those who are 
not familiar with digital logic hardware. 

New, high quality components should be 
used to reduce or eliminate debugging 
problems. Surplus or reclaimed components 
may be used if you have the proper facilities 



The five printed circuit boards from left to right: DRO-1 character counter and display driver (short board), KBI-1 interface 
ABC-1 ASCII to Baudot converter, UT-4 i-fmain board, UT-4 i-f auxiliary board. 









FROM KBI-I 



Fig. 3. Adaptor for driving SWTP TV Typewriter video display from KBI-1. 


for testing. Sockets or Molex pins are 
recommended for the ICs as even brand new 
chips from a franchised distributor have 
been found defective. Check and double 
check the orientation of pin 1 of the chip 
with the socket. 

Cl, the timing capacitor for U1, may 
require selection to keep the repeat function 
rate at ten Hertz or less. R1 and R2 should 
be 5% % Watt. R4 is required for the 
recommended EOL lamp and +12 volt 
supply. R4 may be replaced by a jumper if a 
5 volt lamp and +5 volts are used in this 
application. 

Printed Circuit Boards 

Electronic Development Inc. (EDI)* of 
Salem, Oregon has been authorized to make 
the two printed circuit boards (KBI-1 and 
DRO-1) available for this project. No other 
sources of PCBs are expected to be available. 
PC boards only, or complete kits may be 
obtained. See EDI ads in 73 for description 


and availability. The boards are high quality 
epoxy glass, double-sided with 
plated-through holes and fit standard .156 
inch spacing, 18-position double readout 
edge connectors. The edge connector 
references on the logic diagrams are identical 
with the EDI PCB edge connections. 

Troubleshooting 

At the time of this writing, three persons 
have built the KBI-1 and three different 
ASCII encoded keyboards have been used. 
These were surplus units manufactured by 
Clare-Pendar, Microswitch and Tektronix. 
Various problems were encountered in 
check-out including poor solder joints, 
missed solder points, trace to trace solder 
bridges, overloaded power supplies, and in 
several instances defective ICs were found. 
In each case a carefully thought out, logical 
approach to troubleshooting pinpointed the 
problem area. While a good triggered 
oscilloscope is a most useful adjunct to logic 
circuit troubleshooting, it should be pointed 
out that Peter K6SRG debugged and 
checked out early prototypes of the KBI-1, 
the ABC-1 ASCII to Baudot Converter, and 
UT-4 i-f circuits using nothing but a VOM 
(and an ice cube to find a temperature 
sensitive 74390!). 

The KBI-1 was designed to be located in 
the immediate vicinity of the ASCII 
keyboard. Leads from the keyboard data 
outputs to the KBI-1 should not exceed 20 
inches. Lines of greater length will cause 
ringing, especially on the keyboard strobe 
pulse. Ringing on the strobe pulse will cause 
multiple outputs from a single keystroke. 
Jim WA7ARI used a six foot cable between 
his keyboard and the KBI-1 but it was 
necessary to use type 75188 line drivers at 
the keyboard and 75189 line receivers at the 
KBI-1 inputs to prevent ringing. The same 
line length restrictions apply to the KBI-1 
outputs. You must use transmission line 
techniques for any line over approximately 
20 inches. 

KBI-1 with TV Typewriter Display 

Many RTTY enthusiasts have built the 
Southwest Technical Products Corp. (SWTP) 
“TV Typewriter" video display. Fig. 3 
illustrates a special adaptor used between the 
KBI-1 output and the TV Typewriter input 
so that the video display has a CR/LF on 
receipt of LF instead of CR. The video 
display will still provide automatic CR/LF at 
the end of its 32 character line if an LF is 
not received prior to this point. Credit is due 
WA7ARI for developing this circuit. 
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ASCII to Baudot Conversion 

A forthcoming article will describe an parallel format Baudot 5-level code and 

ASCII to Baudot converter (ABC-1) that outputs this data to a FIFO/UART 

converts ASCII data from the KBI-I to combination such as the UT-4 2 . ■ 





















Improve Your SSTV 
with The FRAMER 


by 

E. Sommerfield W2FJT 
49 Spring Road 
Poughkeepsie NY 12601 


N ext to multi-path sync problems, there 
is nothing more aggravating than the 
reception of only a portion of an SSTV 
picture (frame) completely out of vertical 
synchronization, and subsequently overlaid 
by a different portion of the same picture 
when the next frame starts. 

This article describes a simple remedy 
that forces a vertical sync pulse at the 
beginning of each transmission, i.e., when 
the transmit/receive relay is activated. This 
will insure that when your transmission 
starts, your camera begins scanning from the 
beginning of a frame. 

The Robot Research Inc. Model 80A 
SSTV camera was used as the example in 
this article, but the principle can be applied 
to other cameras that use the line frequency, 
together with a frequency divider, to obtain 
the vertical scan rate. 



Fig. I. 


Fig. 1 shows a block diagram of the 
vertical timing chain of the Robot 80A 
SSTV camera; this is a common config¬ 
uration for obtaining an 8 second vertical 
frame interval. Notice that the vertical sync 
pulse, which is used to reset the receiving 
monitor vertical sweep deflection, is 
free-running. If, for example, your trans¬ 
mission begins when T6 is "on” and T0-T5 
arc “off,” then your picture would be 
transmitted starting at the center and contin¬ 
uing for one half a frame before a vertical 
sync pulse is transmitted. Likewise, at the 
monitor, one half a frame would be dis¬ 
played starting wherever the monitor vertical 
deflection was at the time transmission 
began. 

The simple solution to this problem, 
shown in Fig. 2, is to reset the vertical 
timing chain whenever a transmission begins, 
and hold it in the reset condition for the 
length of a vertical sync pulse: about 30 to 
70 milliseconds. (Pulse times longer than 70 
milliseconds will not adversely affect opera¬ 
tion of either the camera or monitor.) When 
the 80A vertical timing chain is in the reset 
slate, a vertical sync pulse is generated by 
the camera. 

Fig. 3 shows a typical frequency divider. 

Most frequency dividers, also known as 
counters, have provision for at least one 
DIRECT input called a CLEAR DIRECT 
(Cd). A direct input is an input that over¬ 
rides any clocking, toggle, or counting opera¬ 
tions. Due to the grouping of the divider 
elements of 4 to a DIP module, each Cd 
input usually resets 4 divider elements. The 
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REPLACE GROUNDS WITH THESE SIGNALS 


DIVIDE 



Fig. 2. Fig. 3. 


80A has 2 such divider modules, U9 and The relay circuit, shown in Fig. 4, 

U10. operates as follows: 

There are many electronic ways to gen- In receive mode, the relay K1 return path 

crate a single vertical sync pulse in coinci- via the transmit/receive (T/R) relay is open, 

dence with the transmit/receive relay clo- and Cl will charge to +15 volts through R1 

sure, but the relay circuit shown in Fig. 4 is in about one second. When the T/R relay is 

the simplest and easiest to implement. An closed at the beginning of a transmission, Cl 

electronic version using the unused half of will discharge through the parallel combina- 

U4 was breadboarded and tested in the tion of R1 and the resistance of the coil of 

camera, but was not implemented due to the relay K1. The value of Cl was chosen in 

extensive modifications required to the U4 conjunction with the 1000 Ohm relay coil Who wants to hear, "Send 

land pattern. It is shown in Fig. 5(a) for the resistance, so that that the current through me a few more frames, the 

reader who is inclined towards elec- relay K1 coil would not drop below 3 mA first two were out of 

tronic-only circuits. until about 70 ms after the T/R relay closed. sync”? 


Fig. 4(a). Original wiring. 



Fig. 4(b). Modified wiring. 


219 





GROUND 

OPEN 


Relay K1 will open when the current in its 
coil drops below 3 mA. Cl will discharge to 
+1.6 volts and stay at this value until the 
T/R relay opens. The current through K1, at 
+1.6 volts, is 1.6 mA, which is not sufficient 
to keep K1 closed. Relay K1, therefore, will 
close at the beginning of a transmission and 
reopen after about 70 ms. 

When relay K1 closes, +15 volts is 
applied, via R2, to the Cd inputs of both U9 
and U10, the vertical divider chain. When 
this occurs, all 8 counting elements of the 
divider chain are reset, and, as was men¬ 
tioned earlier, the 80A generates a vertical 

transmit _^_ 






sync pulse. The value of R2 was chosen so 
that the voltage on the Cd signal line is 
about +1 volt as required by the manu¬ 
facturer’s specification for the MC790P. The 
rearrangement of cable wires between Figs. 
4(a) and 4(b) was necessary in order to 
obtain the wire for the reset line. The video 
output circuit is functionally the same in 
both circuits. 

Those readers who are familiar with relay 
operation might question the lack of con¬ 
cern with relay contact bounce. Relay 
contact bounce is present of course, but the 
vertical sync filter in the monitor only passes 
sync pulses longer than about 30 ms. Con¬ 
tact bounce only lasts for about 10 ms to 20 
ms, so no problem was experienced in this 

Switch SW1, which is optional, allows 
manual reset of the counting chain. If SW1 is 
left in the manual position, 1200 Hz will be 
continuously generated. This 1200 H/.-only 
condition is useful for calibrating the 1200 
Hz frequency. 

The electronic circuit shown in Fig. 5(a) 
has been described in many publications, 
including the RTL Cookbook 1 . Its operation 
is summarized by the waveforms shown in 
Fig. 5(b). 

Fig. 6 shows how to modify the printed 
circuit pattern in order to isolate the Cd 
input pins: pin 12 on U9 and pin 12 on U10. 

Fig. 4(b) shows how pins 10, 11 and 12 
on the 80A power plug sub-panel are modi¬ 
fied to permit pin 11 to be used for the Cd 
reset signal line. The power plug connections 
at the power supply must also be modified 
as shown in Fig. 4(b). 

Relay K1 should be located in the exter¬ 
nal power supply enclosure in order to avoid 


Fig. 5(b). 







S' / ® 
I ® 


4 SS7V Camera, wiring side of board,. 



transient current noise pulses on pin 5, the 
power supply ground wire to the 80A. 

The addition of this FRAMER (FRAME 
Resetter) to the 80A lets you transmit more 
complete frames than was possible before; 
after all. who wants to hear “send me a few 


And all this for abc 

$ 6.00 ... 


The inclusion of the optional manual 
switch feature also eases the 1200 Hz cali¬ 
bration by permitting a continuous 1200 Hz 
signal generation. 

All this for about $6.00. ■ 


Vanguard 

now has the World’s Largest Selection 
of Frequency Synthesizers 

Srom $129.9$ SSSSHSHslS 



mt^harttorar^and impedance converters or 212-468-2720 belweer 

Available for aircraft, fire, police and amateur frequencies. 

1 9 am and 4 pm Monday 


VA7VGUARD LABS 

ift* 1 * w 196-23 Jamaica Ave., Hollis, New York 11423 

SEND NO MONEY. 

WE SHIP C.O.D. 
ORDER BY PHONE 
AND SAVE TIME. 



















The Experimenter's 
Dream Card 


by 

Robert J. Buckman K9AIY 

PO Box 1471 

Green Bay Wl 54305 


In amateur projects 
involving integrated 
circuits, some sort of 
circuit card is a must ... 


M ost amateurs have had some exper¬ 
ience with printed circuits or their 
predecessors, perfboard. This article sum¬ 
marizes my experience with printed circuitry 
and develops a general purpose card for 
amateur use. 

The advantages of printed circuit cards 
for breadboarding or permanent con¬ 
struction are many! Serviceability, dense 
packaging, reproducibility and reduced wire 
lengths for improved high frequency re¬ 
sponse are examples. In amateur projects 
involving integrated circuits, some sort of 
circuit card is a must. 

Industry has used printed circuits for 
years and has adopted several standards in 
sizes and board edge pin placement. Card 
cages are available which will accept these 
standard size cards and allow very dense 
packaging. Standard individual cards with 
identical circuits on them allow swapping 
out cards during troubleshooting until the 
faulty card is located. 

Many companies sell standard and special 
purpose cards either blank or with a pattern 
etched on them. If you have priced the cards 
available through Vector, Cambion, Cir- 
cuit-Stik, EECO or the others, you can see 
why this article was written. 

Card edge connectors are another expen¬ 
sive item; generally, the more pins you try to 
cram into a socket, and the closer together 
they must be, the more the connector will 
cost. We amateurs with limited budgets must 
find the cheapest connector that will do the 
job without pricing the project out of sight. 


Lately, the simpler and smaller-sized card 
edge connectors have been turning up at 
hamfests and surplus markets at substantial 
savings. This fact is the primary motivation 
for the circuit cards developed here. 

Industry standard card sizes start around 
3” in width; several manufacturers produce 
cards with 414”, 6", and 814" width. Lengths 
are not so standard, with W a minimum 
and 17'/2" a maximum. Before deciding on a 
size, let’s review the types of circuit card 
fabrication and applicability to amateur pro¬ 
jects. 

There are three basic methods of applying 
a circuit pattern to a card blank: direct etch 
where the desired copper paths are covered 
with tape or paint resist before etching, 
photographic sensitization of a treated board 
(photoetch) prior to etching, and additive 
processes where the pattern is added to a 
blank board (Circuit-Stik is the best example 
although some companies are plating the 
desired patterns onto a board). Direct etch is 
limited by the dexterity of the applier and 
to simple circuits that are not densely 
packed. Circuit-Stik is fast but expensive. 
Photoetch is the choice remaining and, once 
you get started, relatively inexpensive. This 
article uses the photoetch technique. 

The card stock available will also deter¬ 
mine the techniques that are feasible for 
the amateur. The first card stock to be 
available at reasonably low prices was the 
epoxy paper circuit board which came with 


222 




one or both sides coaled with copper and 
usually undrilled. Epoxy glass boards are 
now available, are reasonably priced (about a 
penny a square inch or less), and are less 
susceptible to moisture damage. Pre-drilled 
or punched card stock is available with holes 
on a standard grid, cither 0.20 inch or 0.10 
inch. The 0.10 inch perfboard is ideal for 
integrated circuit cards and only slightly 
more expensive. Cards are also available with 
photosensitive coatings for slightly more. I 
prefer to coat my own boards but that takes 
practice since it is possible to produce a too 
thick or too thin coating. 

In designing a general purpose card, you 
must consider both its uses and the rough- 
order-of-magnitude quantity of boards to be 
produced. I presently have over twenty 
projects in some phase of design or con¬ 
struction. Many of these projects will use 
several circuit boards. A review of these 


projects shows many to be entirely digital, 
or at least, use the dual-in-line (DIP) pack¬ 
age. 

My circuit card is based then on the 
standard DIP outline. With all the different 
configurations and pin counts (8, 14, 16, 18 
and 24), etching power buses on the card has 
several disadvantages. If many DIP chips 
must be accommodated, say thirty or so, the 
number of holes to be drilled will be over 
300 without considering interconnections or 
discrete components! Test points, trimpots, 
switches, lamps and LEDs must be con¬ 
sidered and allowed for. Finally, sockets and 
input/output connections may be needed. 

A review and design tradeoff of all the 
above considerations have resulted in the 
general purpose card described here. The 
basic card is epoxy paper perfboard with 
0.10 inch grid holes, copperclad on one side, 


If you have priced the 
commercially available 
cards, you can see why 
this article was written . .. 


. .. 


r iiiiHiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiHi 
HiHiiiiHiiiiimHHimiiiiiiiHiiiii 


1 HHllHHllllIHHilHIHHHHHHUl 

iliiniiHHiHimmiHHiiiiiiHifim 





Fig. 1. Full size copper-side foil pattern. 
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4Vi’ wide and 6" long. Vector makes the 
boards I have used (part number 
64P44-062EPC1), but other manufacturers 
make similar boards. Fig. 1 is the full size 
copper-side foil pattern and Fig. 2 is a 


COMPONENT SIDE 



Fig. 2. Component-side view of one example configuration. 


component-side overlay showing one of the 
many configurations possible. 

This board will hold 25 14-pin DIP chips, 
six test points and 7 trimpots simul¬ 
taneously. A maximum of 30 14-pin chips 
and 19 test points may be mounted. 24-pin 
DIP chips also fit on this board to a 
maximum of 9 24-pin packages. 22 in- 
put/ouiput pins, spaced 5/32 (0.1 56) inch 
apart form the board edge connector. If a 
double-sided board edge connector is de¬ 
sired, a Circuit-Stik connector pattern sub¬ 
element (part number 1365-005) can be 
overlaid on the component side and will 
mate with pads already provided on the foil 
side. The dual-sided connector will provide 
44 independent input/output connections; 
however, the older 22 pin board edge con¬ 
nectors are more readily available than their 
dual-sided brothers. 

The two additional pads connected to 
each DIP pin allow a daisy-chain connection 
to each pin (one wire in, one wire out). 
Since only a ground bus is etched on the foil 
side, the types of ICs are not restricted to 
those with power connections on any par¬ 
ticular pins. None of the commercially man¬ 
ufactured cards I have seen allow mixtures 
of 14, 16 and 24 pin DIP chips or allow test 
points and trimpots simultaneously. 

A variation of this board, the same 
physical size but without foil or allowances 
for trimpots or test points, has been used 
with wirewrap sockets which are finally 
becoming available. A plastic hand wirewrap 
tool has become available from Cambion 
(part number 435-1816-01 -00-16) for the 
nominal price of two bucks. Up to 45 14-pin 
wirewrap sockets may be stuffed on a board 
this size. Unless the complete project will fit 
on this board, the 44 maximum in¬ 
put/output connections will restrict the 
number of ICs that can be used. The cards 
above can be constructed for under five 
dollars in quantity and are about half the 
price of a similar commercially man¬ 
ufactured card. ■ 


fflapp y Mew Year! 

from W0CVU. 

On the air since 1913. 

The World's Finest Hobby. 
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Run The Legal Limit 

with One Shoe 

by 

Jack B. Friend WA7IE0 
315 Carole Circle 
Salt Lake City UT 84115 








Fig. I. High voltage power supply. Note that the high voltage bridge actually has 40 diodes. 


T he design of this grounded-grid linear 
allows the use of either the 3-1000Z or 
4-1000A. The components were chosen to 
operate well within their limits, my 
monetary possibilities, and to offer the best 
voltage regulation in the power supply. 
Large overall size, weight and no portability 
resulted, but then those weren’t factors here. 


Two 7.5 volt, 10 Amp transformers that 
just fit under the four inch chassis were 
found in unused surplus for a good price and 
work well. Each side of the filament is fed 
through a bifilar wound choke. Each choke 
is wound with #10 wire on the whole length 
af an Amidon ferrite rod - the kind 


available in the Amidon kit. This heavy- 
construction results in very little loss of 
voltage through the chokes. The face of the 
filament voltmeter is marked to give precise 
setting of the voltage. The variac in the line 
offers one the ability to slowly bring the 
filament up to temperature. This procedure 
is highly recommended by Erwis Isgitt 
W7SLC of Eimac in Salt Lake City, to 
improve tube life. Be sure to fuse the variac, 
in this case at 1.6 Amps. The B-return is to 
only one of the two transformers to avoid 
difficulties with balancing. 

In this linear there is no tuned input, but 
if matching presents a problem or there are 
not at least 125 Watts available for drive, put 
one in. Note the chart for a tuned input to a 
4-1000A at plate potential of 5 kV. 








Tank Circuit 

William Deane built the two Amp plate 
choke which is surrounded on one side by 
the tube and on the other by the stacked 
tune and load capacitors. The roller coil will 
provide about 18 uH maximum. The loading 
capacitor is not sufficient for 80 meters with 
the triode, and the coil is marginal for the 
tetrode on 80. For best results, 0=12, the 
coil should have about 20 uH and the 
loading capacitor about 1800 pF. 

Metering 

Separate meters for plate current, plate 


voltage, grid current, and filament voltage 
add considerably to the overall cost, but 
there are times when one needs all values at 
a glance. Fuses in the lines to the plate and 
grid current meters save meters. My first 
linear blew both meters when the B+ shorted 
through a faulty component. Since then test 
and “burn” trials have blown fuses instead 
of meters. The meters are bypassed with 
mica, not ceramic, capacitors, as the latter 
are not always reliable in rf applications. The 
meters are in the same compartment with 
the blower and all leads are "fed-through” 
with capacitors into the next compartment. 



Detail of panel meters. 


Power Supply 

The power supply is enormous and very 
heavy! After the plate relay, the ac is fed to 
the variac, which is turned up slowly to 
avoid surging. The plate transformer, as well 
as the two chokes, is from a BC-610 power 
supply and is rated at about 5 kV at .5 Amp 
continuous duty. The full wave bridge 
rectifier has ten kV in each leg built of 40 



Band 


Input Cl Turns L Output C2 


80 

40 

20 

15 

10 


16 of *18 470 

512 13 of —16 322 

337 9 of =14 213 

247 6 of *13 190 

227 4 of #13 190 


The coil forms should be half inch slug tuned 
(look in ARRL Handbook). 


Table /. Chart of the input values for the 
4-1000A. 
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1000 piv 2.5 Amp diodes and associated RC 
networks. The chokes are each rated at 11 
Henrys at 500 mills and insulated at 10 kV, 
but just the same are in the negative lead. 
The oil-filled filter capacitors are insulated 
from ground, similar to electrolytic strings, 
since they are rated at only 3,000 WV dc 
and peak voltage is about 5,000. The bleeder 
resistance is a string of four 80k Ohm 250 
Watt ceramic covered large economy size 
units. Two would do, but then the shack 
would need no heater either. 

The chokes are tuned with an oil-filled 
.05 uF, 10 kV capacitor so that the bleeder 
can be small, yet the voltage doesn't soar 
when there is no load on the supply. Here is 
a simple way to tune a choke: LC = 1.77 (or 
close will do). The value of a choke, 
non-swinging, increases when the load 
current is low. Figure about two times rated 
value for good quality chokes. Thus, in this 
case, 1.77 divided by about 2x11 (two 
chokes in series) or 20 = .08 thus .05 is ok. 
The closer the better; experiment to get the 
best regulation. L is in Henrys, C in uF. 

Control Circuitry 

The wiring of the filament and plate relay 
switches is copied from Max Burggraff’s 
design (note references). No matter which 
switch is thrown first, the filament is turned 
on, and both have to be thrown to energize 
the plate relay. The changeover relay is 
suitable for transceiver operation. A three 
pole relay would be useful for biasing the 
triode under idling conditions, but the 
4-1000A only draws about 120 mills at 5 
kV, not enough to bother the tetrode. 

Miscellany 

The components were arranged so that 
the leads are as short as possible, yet the 
front panel is not unsatisfactory. The meters 
are bunched to make shielding easier. I tried 
to cover a scratched front panel with a very 
shiny, gold contact paper. Other than the 
fact that the paper bunched up under the 
screw heads, it is tolerable. However, I won't 
do it that way again. The cabinet is built up 
around a steel chassis (for strength), plated 



Rear view. 


copper. Other than the chassis all the sides 
are aluminum. I also used aluminum rivets 
where the joints would not restrict servicing. 

Comment 

“Super Bottle" works very well with 
either tube in the socket, though bias will 
keep the triode much cooler during standby. 
Efficiency is on the order of 60% on 20, 40 
and 80 meters and less on 15 and 10, due to 
the less than optimum coil at higher 
frequencies. The linear is clean according to 
my monitor scope and the wattmeter 
indicates a quite noticeable difference over 
the transceiver. The on-the-air reports agree. 
I will be glad to respond to any 
correspondence accompanied by an SASE. 
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" We Must Abandon Ship... 

Help..." 

by 

Albert Coya WB4SNC 
1710S.W. 83rd Ct. 

Miami FL 33155 


I t was cold and windy, that New Year’s 
Eve, also a "straight key night.” I went 
down to the shack and took the old 50 
Watts rig from the shelf. This transmitter 
was built by my uncle in the early 1930s. I 
remember the many hours I spent in his 
shack, trying to tell the dots from the 
dashes. 

The strong smell of the bakelite fired my 
imagination. I removed the dust from the 
46ers and looked around for the power 
supply. I wondered if the old rig still 
worked. 

An exciting idea came to my mind. How 
about using this transmitter on straight key 
night? It certainly would be interesting to 
find out the kind of reports I would get 
from the fellows. 

I found the power supply and plugged it 
in and then proceeded to check the voltages 
with the VTVM. To my surprise everything 
was okay. I found the crystals and sets of 
coils for 80 and 160m in a box. The 40m 
coils were already plugged in the rig. 

I hooked up the power supply and one of 
the 40m crystals. Before turning on the rig I 
took my grid dip meter and tuned the stages 
to the crystal frequency, then I hooked my 
Cantenna to the output. 

The great moment came. I fired up the 
rig! The filaments glowed with a pale reddish 
color. The ammeter has a plug, and jacks to 
check grid and plate current where installed 
in the front panel. I plugged my old brass 
key in the proper jack and used my receiver 
with the antenna disconnected to check if 
the rig was working. I keyed and tuned the 
plate to a 50 mA dip. I moved the receiver’s 


dial until a loud note came from the speaker. 
It was working! The old son of a gun was 
working! I couldn’t believe my ears! For the 
on the air lest I had to improvise a primitive 
antenna switch. This task took me only 
twenty minutes, but it 'seemed like an 
eternity. 

Finally, I was ready to go airborne. I 
listened in the crystal frequency, and for¬ 
tunately it was clear. I didn’t want to step 
into anybody’s QSO without invitation, so, 
with trembling hand I sent a QRZ and my 
call letters. I was used to using a bug and 
fumbled badly with the straight key. No¬ 
body answered. Then I launched my first 
CQ. By the time I signed K my fist was 
getting the old feeling of the straight key. I 
switched the antenna to the receiver and 
searched for a signal. Nothing, except some 
familiar QRN. After my third or fourth try 
there came an answer. I scribbled his call in 
my pad and proceeded to switch the an¬ 
tenna. It was a 4 call, so he was not too far, 
but who cared if he was just around the 
corner? The great thing was that somebody 
heard the old rig! I gave him the RST report 
and the routine stuff, switched the antenna 
and listened. 

“Sorry OM but you have something that 
sounds like key clicks. Your RST is 569 with 
QRN. The clicks are not really bad and I 
hope you can fix it." 

I told him the kind of rig I was using and 
that I was going to try to solve the problem. 
After signing out and wishing him a Happy 
New Year, my XYL came into the shack like 
a tornado: "You are messing up my TV. 





You told me that would never happen again! 
Guy Lombardo has streaks all over his face!” 

"But, honey bunch,” I told her, "theold 
man has been playing with his band for quite 
a few New Year’s Eves, and it’s normal to 
have those wrinkles in his face,, .maybe he 
needs a face lift.. .” It was pretty lame. 

"This is not the kind of wrinkle you can 
fix with silicone.. .maybe one of your funny 
looking filters..." 

I knew she was right. So back to the old 
drawing board. With no shielding, and all the 
long leads scrambling like snakes over the 
wood board, the old rig was radiating all 
kinds of parasitic oscillations. 

I wanted to work straight key night and I 
knew to dress those leads and fix the trouble 
would take hours. But I decided to 
do it. A couple of capacitors added to the 
filament of the oscillator tube and shorten¬ 
ing the lead to the screen capacitor did the 
job. I was back on the air in less than an 

I switched to 80m and worked stations as 
far as New York. I was having a ball every 


lime I told the fellows about the old rig. The 
clicks reported in my first QSO were almost 
nothing after placing a capacitor shunted by 
a resistor across the key contacts. 

After signing out with a fellow in North 
Carolina I heard my letters being called. It 
was a very weak signal. I couldn’t copy his 
call letters after I signed "QRZ?” 

I plugged the "cans” and tried to retune 
the receiver. Holding the “cans" to my ears I 
heard my call letters again and broken 
words : ". . .are. . .danger. . . 

please.. .help.. .This is maritime mobile.. 

The QRN was tremendous. I couldn’t 
believe my ears. It had to be a prank. A ship 
in distress and calling in the ham bands? 
Impossible! 

I banged the antenna switch in the 
transmitting position: "Where are you? The 
name of the ship, please?" I repeated the 
message a few times very slowly and signed 
"BK." 

The answer came back, "Ship name is. . . 
bound for Cape of Good Hope. Position 
is.. ° West and. .South. We must aban- 


don ship.. .five feet of water in the 
bilge.. .please contact... Guard...” 

And the signal faded away... 

I fumbled with the knobs trying to pick 
up the weak CW signal. The erratic dash and 
dots came back: 

"He is beserk... will kill all of us.. 

A burst of static whipped him off. 

Holy Neptune! What was going on on 
that ship? Was he talking about the storm or 
a member of the crew? 

Through the QRM the CW signal came 
back once more. “The skipper is dead . .. 
please call... that man is crazy... BK.. .” 

I slammed the antenna switch to trans¬ 


mit. “The name of the ship and position 
again, please!" repeated the same many 
times, signing my letters and K. 

"Position is ... “South . .. name of the 
ship is ‘Flying Dutchman'.. 

The “Flying Dutchman”? Somebody 
must be pulling my leg. Or was it a real ship 
whose owners had had the bad taste to name 
their ship after that legendary ghost? 

Again and again I tried to contact my 
evasive operator without success. 

I went to bed and the lights of the New 
Year found me with my eyes open, looking 
at the ceiling. Had to be a prank, I told 
myself..." 
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which do the same thing. They are as 

1. Press the "RCL" button. 

2. Simultaneously press 3 keys: 
"R ( ", "STO'', and "CHS". After 
obtaining the display as shown in Mr. 
Peterson’s letter, the remainder of the 
operations are the same as shown in 
the letter. 

















be my guest; 

visiting views from around the world 


The Time Has Come 


The expansion of the phone bands 
has been discussed many times in the 

been done to change things around. 
We have today more or less the same 
distribution of segments for CW and 
phone that we had forty years ago. In 
the last decades, ham radio experi¬ 
ments and advances have caused an 
extraordinary transformation. To 
mention a tew: SSB. FM, VHF, UHF, 
RTTY, AT V, SSTV, facsimile, 
satellites, moonbounce, etc., etc. 

With all these modes and fields to 
research and experiment, the 
spectrum of the bands has remained 
the same as when CW and AM were 

The time has come for a complete 
overhauling and restructuring of the 
ham bands. We are a technology 
oriented group and it is natural that 
we must cope with this problem in a 
technological way. It is very simple to 
teed an appropriate computer with all 

number of hams, modes of operation, 
percentage of time on the air, most 
used bands and frequencies, traffic 
handling, foreign reciprocal licensees 
and their operation habits, etc., and 

appropriate distribution of band 
space. You can allocate ten CW signals 

logisticany the CW seqment in the 
bands only needs to be a fraction of 
the space lor SSB. RTTY with narrow 
shift is another mode that does not 
take too much space. 

and crowded, you will find that Amer¬ 
ican amateurs iAdvanced and Extra! 

14.350 (150 kHz!, while the spectrum 
for CW is from 14.000 to 14.350 for 
Extras and 14.025 to 14.350 for 
Advanced and General. That means 



I am a CW man myself, I have an 
Extra ticket, and think that CW is one 
of the greatest and sure forms of 


Somebody told me that the reason 



Sweet Mystery of Life 


As it may come to any neighbor 
hood, scandal trailed across the ridges 
recently and one of the local QRPers 
ran off with a young widow to live in 
idyllic bliss high in the ranges. Finally, 
one of the local QRPers had to look 
them up, and he came back with the 
sad report. 

reported. "Here he gets up every 
morning at the break of day to watch 

Sweet Mystery of Life at Last I've 
Found You' goes echoing through the 

do they happen?" 

We had to admit that we had felt 
some concern over these events and 
finally had to ask the inevitable. "Do 

the QRPer snorted. 



the secret of it all'? And all this time 
the morning DX path will be fading 
and he has missed all the DX again. 


Son of a Gun. we had to admit that 
he had a point there. 


Last week we came across another 
one of the local QRpers and we just 

recent DX Test. Maybe we should 
have talked of other things: It was not 
joy that crossed the face of the 

would aim for new countries," he 
explained, "and I latched on to one 
that I needed early in the test. But I 
called and called and called. And I 



The QRPer paused under the 
weight of the emotions that raged 
within, but finally he pulled himself 
together and was able to continue. "I 

to my call. Chased him for the whole 
weekend but things just did not work 


We were properly sympathetic, for 
we also have known the lonely nights 
of frustrated DXing. "Who were you 
calling?" we asked, and that was 
another mistake. 

The QRPer shrugged. "UP2KHZ 
was the station I needed," he 
mumbled. "He kept giving his call and 
I kept calling him all weekend but I 

first UP2 I've heard in years. The first 
in years." 

You know something? We thought 
say in a situation like this. Only that 

elusive. And sometimes one will chase 
one thing while thinking it is 
something else. And wishing to take 
from no man his dream, we said 

chaser of the elusive UP2s, he was not 
was a UF0OL on Franz Josef. . . 


Reprinted from the West Coast DX 
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Spokane, and Walla Walla. 
Other winners are as follows: 


Snohomish county 


Whitman county 


W7GYF 

VE7ZZ/W7 

W7YTN 

K7JCA, W7EXM 
and WA3DVH 
WB5NLE/7 
WA7FHG 
WA7UQG 
WA7VBT 
K3USH/7 
W7IEU, WA7FKM 
K7NHG 

K7NCG, WA7SL0 
and K7UWT 
WA7ZSJ/7 
WA7BSQ/7 
W7EKM 
W7YH 



































































Looking West: 


Ventura 


The traffic on 101 heading north noon Sunday to cover the SCRA 

seems quite light for this hour on a meeting for this column. Mainly, I did 

Saturday evening ... for long not want to miss the banquet this 
stretches it seems that this Torino is evening. No, not for the food, though 

the only vehicle on the road ... a good dinner was promised; it was 






























































MANSFIELD OH 


CUYAHOGA FALLS OH 















Autobiography 


of 


an 


I Ancient Aviator 


\N. Sanger Green 
1379 £ 15 Street 
Brooklyn NY 11230 
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MICROPROCESSOR/INTERFACE 
BOARD OFFERS 
MULTI LEVEL BUSING 
A new Plugbord, from Vector Elec¬ 
tronic Company, ac 
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W8GRT of Sylvanii 
Chronex digital watch 
R. Krusza WB2IUD i 










































code without variation in speed. Try it 
sometime, you code freaks. 



still waiting for the Multi's ... or the 
Signal One or something! 

Tucker had an old Yaesu 560 in 
good shape so we bought that and put 
that into the line as a receiver. Oscar 
came in fine on this once the antenna 























Trekkies, Build this 
Starfleet Communicator! 


by 

Marc I, Leavey, M.D. WA3AJR 
1Q-J Tentmill Lane 


Pikesville MD 21208 



TOP SECRET 
CLASSI FIED 

FOR COMM AND 
LEVEL USE 
ONLY 


The plans contained herein are drawn from 
data in storage at Starfleet Archives, UFP, 
and are released for information only. Oper¬ 
ation of communications devices within this 
sector of the galaxy is restricted under 
UFPCC regulations to authorized individuals 
only. 


<6^1 tar Trek,” a television show popular 
1^ in the late 1960s, spawned a cult of 
followers that cannot be believed. There are 
Trekkies in all walks of life, particularly 
among college students, electronic engineers, 
doctors, and, it is hoped, hams. There are 
books, models, and national organizations 
devoted to perpetrating the culture of the 
United Federation of Planets. In this vein, I 
have designed and built a functional model 
of a Starship communicator. 

The Communicator, as any dyed-in-the- 
wool (or velour) Trekkie knows, is the 
all-purpose, futuristic HT carried by all 
landing parly personnel. Besides a basic, long 
range transceiver, the communicator also 
contains a transporter beacon for beaming 
up and an emergency distress signal for 
urgent transportation. This version, designed 
after the TV model, has all of these features. 

On the front panel, there are the 
speaker/mike, three LED function lights, 
and two control switches. A hinged lid 
covers the controls, which serves the dual 
function of on/off switch and antenna. The 






















LED function lights represent ON (Green), 
HIGH POWER (Yellow), and EMERGENCY 
(Red). Two push-button switches control 
the HIGH-LOW power function, and the 
EMERGENCY beacon. Opening the Com¬ 
municator lid not only turns the unit on, but 
produces the characteristic series of blips 
which identifies the hand-held device. 

The circuit, shown in Fig. 1, is for the 
basic pulse generator that supplies the 
effects for the unit. The unijunction tran¬ 
sistor is used as a simple oscillator, the 
output of which is fed to a 7493 4-bit binary 
counter. Four pulses are derived from this, 
in a one-half second gate, and fed to a 555, 
connected as an audio oscillator. The output 
of this goes to a speaker. 

The complete communicator schematic is 
illustrated in Fig. 2. The LEDs are wired in 
series with the pulse generator, and no scries 
resistors are needed, as current is effectively 
limited by the pulse generator. A 200 uF 
capacitor is needed across the battery to 
bypass internal resistance. Two SPOT push 
buttons are wired with the LEDs. One 


alternately selects the Green or Yellow LED, 
to represent LOW or HIGH power. The 
second switch normally shorts the Red LED. 
When depressed, the short is opened, lighting 
the LED, and a current is delivered to pin 4 


Fig. 1. Basic pulse generator. 
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of the 555, triggering a continuous oscilla- 

Several techniques were tried for turning 
the communicator on when the lid was 
opened. The method finally settled upon 
was the use of a magnetic reed relay under 
the cover, with a small bar magnet mounted 
on the antenna lid. 

Mechanically, the device is constructed in 
an appropriate sized, small wooden jewelry 
box. Such boxes are universally used by 
jewelers for necklaces, etc., and one can 
usually be scrounged from a wife or girl¬ 
friend. The speaker is a small, surplus ear¬ 
phone. Suitable types are available widely 
for a couple of dollars. A snap-in pipe bowl 
screen, with the snaps removed, serves as a 
miniature speaker grille. The LEDs are 
press-fit into the front panel, and the 
switches mounted conventionally. Four¬ 
teen-gauge wire is bent into a rectangle and 
covered with window screening for the 
antenna lid. Two rings from the center of a 
cheap ballpoint pen are soldered to one side, 
and the assembly mounted on a plastic tube, 



acquired from an old Bic pen. A small spacer 
glued to the bottom of the tube serves as a 
mount, and to keep the antenna assembly 
from slipping off. In order to activate the 
hidden reed relay, a small magnet is glued to 
the antenna, near the hinge. All of the 
electronics fit comfortably onto a 3 x 5 cm 
piece of perfboard, with the wiring done 
point-to-point. Detailed construction is left 
to the builder, but, with reasonable care, the 
finished result should delight any Trekkie. 

1 would like to extend sincere thanks to 
Robert Glaser WA3MSW, who aided 
immeasurably in the construction of the 
communicator. We would like to note that 
construction has been started on a small 
transporter. A shortage of dilithium crystals, 
however, has stalled the project. Any reader 
with an adequate supply is invited to write 
to the above address. ■ 
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by 

A. E. Plavcan 
P.O. Box 6173 
Anaheim CA 92806 


S ynthesized receivers are gradually 
appearing in the marketplace. Their 
numbers will increase as the cost of complex 
lCs drops. They all operate basically the 
same, using the phase lock loop (PLL) 
technique of generating L.O. (local oscilla¬ 
tor) frequencies. One crystal is used to 
generate the whole range of L.O. frequencies 
— each frequency as accurate as the crystal. 

Here's a project that will provide you 
with several precise (.005%) frequency stan¬ 
dards and also get you familiar with phase 
lock loops. 

The heart of this unit is the NE562 phase 
lock loop. Internally it has a phase com¬ 
parator, adjustable low pass filter, a VCO 
(voltage — controlled oscillator) and two 
outputs. It also has provisions for inserting a 
programmable divider between the phase 
comparator and VCO, thus permitting fre¬ 
quencies to be changed. 

The frequency range of this device is 1 to 
10 MHz in 1 MHz steps, with an accuracy of 
.005% at each frequency (greater accuracy is 
possible with a closer tolerance xtal). The 
output is a symmetrical square wave at each 
frequency that is useful as a scope timebase 


calibrator, checking bandwidth and fre¬ 
quency response of HF amplifiers, cali¬ 
brating communication receivers with the 
100 kHz output, or as a "clock” for future 
1C projects. 

All of the ICs (including the NE562) are 
readily available from electronic mail order 
houses. The remaining few parts you can get 
from your junkbox. They are all "or equiva¬ 
lent.” 


How It Works 

Before we get into the details of construc¬ 
tion, a little basic operation of phase lock 
loops may be helpful. A basic phase lock 
loop consists of a phase comparator, a VCO 
and a low pass filler, as shown in Fig. 1. 

The phase comparator (or phase detector) 
has two inputs, the reference frequency and 
the output of the VCO. The output of the 
phase comparator is a dc control voltage 
proportional to the phase difference 
between the two input frequencies. The 
control voltage equation is V c = K(© rc f - 
©vco) where K is a constant in volts/radian 
and (© re f - ©vco) is the phase difference in 




A 

Synthesized 
1C Frequency 
Standard 


radians. Now the VCO frequency is con¬ 
trolled by a dc voltage. As the frequency of 
the VCO tends to drift, a phase error 
develops and is fed back to the comparator 
which compares it with the reference signal 
and produces a dc voltage that changes the 


frequency of the VCO in the direction that 
will reduce the phase error. Since the VCO is 
controlled by a dc voltage, any ripple on the 
voltage will FM (frequency modulate) the 
VCO. That's the purpose of the low pass 
filter between the phase comparator and 



Fig. 1. Basic phase lock loop. 



Fig. 2. Variable divider added to basic phase lock bop. 
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Fig. 3. Schematic diagram. RI-RI2 - 'A Watt carbon resistors; Cl I, Cl5, C19, C20, C25, C26 - 20 V disc; Cl2 - silver mica 
Eimenco DM19; CI3 - silver mica (2 - 680 pF in parallel) DM19; CI4, C2I -35 V Sprague type I96D, 474X0035HAI; Cl 7, 
Cl 8- 35 V Sprague type I96D, I05X0035HAI; 1C I, IC2, IC3, ICS, IC6, IC7 - SN7490 decade counter; IC4- NE562 phase 
lock loop; ICS - SN7400 NAND gate; IC9 - SN74I3 NAND Schmitt trigger; Q1 - 2N5172; XI - 10 MHz .005% crystal (series 
resonant) from Jan Crystals, 2400 Crystal Dr., Ft. Myers FL 33901; LI - .7microhenry inductor; SI — rotary switch 4 pole 10 
position, Centralab PA-1015. 


VCO, to reduce this ripple. It also helps to 
set the capture range of the loop. 

One drawback of Fig. 1 is that it will only 
work at one frequency. The output fre¬ 
quency is the same as the reference and 
there is no way to change the frequency. If 
we put a variable divider (^N) between the 
VCO and the phase comparator feedback 
path, we can vary the frequency of the VCO, 
then divide it down so that the phase 
comparator inputs are always the same. This 
allows us to change the VCO yet maintain 
the same inputs to the phase comparator. 
See Fig. 2. 

The control voltage equation now is: 

V c = K ^©ref ' ©vcoj 

where N is the number programmed into the 
variable divider. The operation of this 
system is the same as the basic loop 
described above. 

The Reference Circuitry 

The circuitry of Ql is a 10 MHz .005% 


crystal controlled oscillator. R2 and R3 is 
the bias network. Cl 2 is the feedback 
capacitor and is part of the resonant tank 
along with CI3 and LI. If you don’t have a 
.7 uH inductor for LI, you can make your 
own by winding 19 turns of #30 magnet 
wire (closewound) on a 1/2 Watt resistor 
(100k or larger). Cl 3 is 2 680 pF capacitors 
in parallel. XI is a 10 MHz .005% (series 
resonant) crystal. 

C25 is a coupling capacitor to the follow¬ 
ing 1C. Normally, a shaping circuit would be 
included here. But the rise and fall times at 
10 MHz are adequate to trigger the 1C. We 
will need a diode though (CR1) to clip the 
negative going transitions and prevent V e (, 
breakdown in the 1C. 1C I, IC2, and IC3 are 
wired to divide by 10. The output of IC3 is 
at 10 kHz. This will be the reference signal 
for the phase comparator. You'll note that 
IC3 is wired a little differently than 1C I and 
IC2. This is done so that a symmetrical 10 
kHz square wave is fed to the comparator. 
R5 reduces the drive level into the compar¬ 
ator. 
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The Programmable Divider Circuitry 

Pin 4 on IC4 is one of the VCO outputs. 
RIO, R11 and C20 couple the signal out 
while still maintaining a dc path for the 
emitter in IC4. This signal is fed into IC9 
which is 1/2 of an SN7413. The SN741 3 is a 
dual Schmitt trigger. A Schmitt trigger 
improves the rise and fall transitions over a 
wide range of input frequencies. Since the 
output frequency changes from 1 to 10 
MHz, suitable transitions are necessary over 
the full range of frequencies to insure 
positive triggering for the following 1C. IC7 
is a prescaler. It divides the output of the 
VCO by 10. This was done so that the 
programmable divider following (IC6) will 
operate at a lower range of frequencies, from 
100 kHz to 1 MHz. Propagation delays 
and race conditions can cause false triggering 
at high frequencies. IC6 is the programmable 
divider. This is where all the switching of the 
system takes place. Basically, we want to 
divide all frequencies out of the VCO so that 
the output of the programmable divider is 
always 100 kHz. For example, if the VCO is 
at 5 MHz, the prescaler reduces it to 500 
kHz and the programmable divider is 
switched to-^5 and the output is 100 kHz. If 
the VCO is at 9 MHz, the programmable 
divider is switched to -M) and the output is 


100 kHz. IC6 can be switched from ^2 to 
*9, Now at 1 MHz the output of the 
prescaler is 100 kHz. We don't need the 
programmable divider here so it is simply 
bypassed. The output of IC6 is further 
divided by 10 in IC5, wired to provide a 
symmetrical 10 kHz square wave out. R12 is 
the same as R5, to reduce the drive to the 
phase comparator. R15, CR2 and CR3 are 
part of the -=-7 decoding. CR2 and CR3 can 



Fig. 4. Power supply. R13, R14 - carbon resistors; C22 — IS V; C23, C24 
50 V; Tl - 12.6 V rms power xfmr Allied 6K36HF; ll 5 V ± S% re net 
diode / N4733A; CR4-CR7 - / N4002 (PR V 100 V, I A). 
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CR2, CR3 - IN! 18 (germanium). 


be any general purpose germanium diodes. 
IC8 inverts the A, B, C, D outputs of IC6 to 
provide the A, B, C, D, outputs to decode 
the programmable divider. 

So now we have described the develop¬ 
ment of the two input signals to the phase 
comparator, one signal as a fixed reference 
(©ref) and other containing the phase 
error information (©vco) from the VCO. 

Pins 5 and 6 on the NE562 (IC4) are 
provided for capacity tuning the VCO. As 
each frequency is switched, the capacitor 


across pins 5 and 6 has to be switched. The 
free running frequency of the VCO has to be 
tuned within the capture range of the loop. 
As mentioned earlier, the low pass filter 
determines the capture range of the loop. 
Cl 7 and Cl 8 on pins 13 and 14, respec¬ 
tively, on IC4 are the low pass filter capaci¬ 
tors. When the free running VCO is tuned 
within approximately 300 kHz of center 
frequency, the loop will lock. The following 
chart gives the approximate tuning capaci¬ 
tors for F c at each frequency. They should 
all be silver mica. 



Fig. 6. PC board. 
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Cl 

300 pF 

C2 

150 pF 

C3 

100 pF 

C4 

68 pF 

C5 

50 pF 

C6 

43 pF 

C7 

39 pF 

C8 

33 pF 

C9 

30 pF 

cTo 

27 pF 


Construction 

Except for the power supply and divider- 
frequency switch, all the parts are mounted 
on the 3-7/16” x 5" etched PC board. Holes 
are provided on the board for all the wires 
going to SI. Sockets can be used for all the 
ICs to simplify troubleshooting, if necessary, 
or they can be hard wired to the board. I 
used the Molex terminals available at elec¬ 
tronic stores. 



They’re inexpensive and are satisfactory 
sockets. Holes are also provided to strap all 
the 1C power connections. Use magnet wire. 
Several circuit jumpers are also needed as 
shown on the parts layout. Cl — CIO should 
be mounted right on the switch (SI), with 
all the common points brought together in 
the center. Run a wire to the circuit board. 

Final Checkout 

Before applying power, check that all the 
jumpers are in and the ICs are mounted in 
the correct positions. Set the frequency 
switch to the 1 MHz position. After you're 
sure everything is OK, apply power and 
check that the supply voltages are present. 
+ 18 volts should be at the junction of R14 
and C24. R14 can be changed to make it 
+18 volts. +5 volts should be at the zener 
diode. A counter would come in handy here 
for the following check but a scope will .do. 
A triggered scope is even better. At the 
junction of Cl 4 and R5, there should be a 
10 kHz square wave approximately 3 volts 
peak to peak. This one point checks that the 
oscillator is working and also the divider 
chain. The same wave shape should be at 
the junction of C21, R12. If it is, the loop is 
locked at 1 MHz .005%. Repeal the above 
for each position of the frequency switch. If 
you reach a position where both wave shapes 
are not the same, check the switch wiring of 
the programmable divider. If it’s alright, 
you’ll have to adjust the tuning capacitor for 
that particular channel. Calibrate the scope 
using the reference 10 kHz signal. Display 
one square wave for 10 cm on the scope 
(junction Cl4, R5). Move the probe to the 


junction of C21, R12 and adjust the tuning 
capacitor until the same wave shape appears. 

If the output is to be used as a “clock” to 
drive TTL circuitry, the circuit in Fig. 8 is 
suggested. 

Use low capacity cabling on the output if 
you’re going to run it any distance to 
preserve the wave shape. With the front 
panel switch in the 2 MHz position, a 
symmetrical 100 kHz signal is available on 
the front panel for calibrating com¬ 
munication receivers; simply couple the 
output (loosely) to the antenna input.* 


Miscellaneous Parts List 

3%" x 5" copper clad board 

Aluminum box 

Line cord 

On-off switch 

Connector 

Misc. hardware 

ICs available from: B&F Enterprises, 119 Foster 
St., Peabody MA 01960; or Solid State Systems, 
P.O. Box 773, Columbia MO 65201. 
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Fig. 8. Output circuit to drive logic. (Note: Circuit from Signet ics 
Handbook.) 
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You Can Make 
Photo PC Boards 


by 

John Harrington 
5132 Marcella Avenue 
Cypress CA 90630 


C onstruction of high-quality printed cir¬ 
cuit boards, unfortunately, has never 
been a simple matter. Over the years, having 
made hundreds of boards, I have tried many 
methods, some simple, some complex, some 
cheap, some expensive, with varying degrees 
of success. The method described here has 
been in use for over a year now, and I am 
very pleased with the results. It allows me to 
make any desired number of high-quality 
boards with minimum expense and effort 
Although there is nothing “new to the art" 
here, the method described for making 
negatives is one which I haven’t seen 
described in amateur literature. 

The steps to follow to make the boards 
are as follows: 

1. Make up the “master artwork.” 

2. Prepare a negative from the artwork. 

3. Clean and photo-sensitize the copper-clad 
board. 

4. Expose the board through the negative. 

5. Develop the exposed board. 

6. Etch the board. 

7. Plate the board if desired for corrosion 
resistance and appearance. 

Don't let the imposing-looking list above 
discourage you — each step, in itself, is 
simple, and with reasonable care, is goof- 
proof. Let’s take the list one at a time. 


Preparing the Artwork 

Start with a generous size sheet of trans¬ 
parent mylar or acetate sheet, about a 
centimeter bigger on each side than the size 
of the board you wish to make. If you are 
copying a published circuit which has full- 
size layouts, just stick the mylar down with 
masking tape over the published circuit. 
Then, using either india ink or commercial 
prepared patterns and tape, trace the circuit 
onto the mylar. If you are designing your 
own layout, tape the mylar sheet down on a 
piece of grid paper with 1/10” line spacing. 
This is very helpful as a device to keep your 
lines straight, and keep the component 
spacing and layout optimum. Most ICs and 
many other parts use lead spacing which are 
multiples of 1/10 of an inch - the grid paper 
makes it easy to locate component leads 
precisely on the layout. I use commercially 
available opaque sticky tape for conductor 
lines and component pads. Try to arrange 
the components to minimize the number of 
crossovers — sometimes a simple re¬ 
arrangement will eliminate several cross- 

When the layout is finished - , check it 
against the original artwork or schematic to 
be sure it is correct. Don’t overlook the fact 
that your layout is a bottom view of the 
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completed PC board, so your component 
pins must be connected properly for a 
bottom view. Be particularly careful with 
ICs - the manufacturer’s drawings generally 
identify leads with a top view. I find it very 
helpful to redraw the 1C on a scratch pad 
showing the bottom view of the pins and 
refer to it while drafting the circuit. This 
really helps when you are trying to cram ten 
or fifteen 14 or 16-lead ICs in a small layout 
If you find you have made a mistake, just 
peel off the incorrect pattern and stick down 
a new one. If you are using india ink and 
wish to change the circuit, the easiest way I 
have found is to stratch off the incorrect 
part with the blade of a sharp knife, being 
careful not to damage the mylar. Then, 
redraw the circuit. 

Preparing the Negative 

To do this operation, we will expose 
some photographic film to light through the 
artwork. This is a darkroom technique, so it 
needs to be done under a “safelight." A 
safelight is simply a common lamp with a 
filter over it which only allows certain colors 
to pass through. These colors are chosen for 
their wavelength; the film we will be using is 
relatively insensitive to red light. Therefore, 
we can use a red filter and illuminate the 
work area without danger of ruining the 
film. 

In use here is an inexpensive safelight 
holder with a Kodak 1A filter, and a 25W 
household bulb. With this mounted over the 
work area, it will provide plenty of illumina¬ 
tion to clearly see each operation. 

Inexpensive lithographic black and white 
film is used for several reasons. It is a 
relatively “slow” film which means it takes 
more light for a longer time to expose; 
therefore, it is much more forgiving of errors 
such as outside light leaking into the dark¬ 
room or overexposure. This type of film is 
especially designed for high contrast. Also it 
is easy to obtain this film at most any photo 
supply shop, and the cost for a piece of 
10.1cm x 12.7cm (4” x 5”) film is about 
10 *. 

Exposing the film is best done in a 
“contact frame.” This can be as simple as 
sandwiching the artwork and film between a 
piece of flat black paper and a piece of clear 
glass. The glass serves only as a weight to 
hold the artwork and film in close contact to 
keep light from leaking under the black 
portions of the artwork. A more elaborate 
contact frame can be constructed or bought, 
but will only make the work more conven¬ 
ient, not better. I use a 150W flood light 
for exposure at a distance of 61cm (2’), and 
a 2-second exposure time, using my wrist 
watch and my finger on the li#it switch for 


timing. The two chemicals for development 
can be bought at the same store as the film. 
The developing bath I use is a 2-part solution 
which is mixed together in equal quantities 
just before use; the unmixed solutions can 
be stored for long periods without degrada¬ 
tion. The “fix” solution can even be reused 
over and over again, by storing it in an 
air-tight bottle, but it is so cheap that I use 
fresh solution each time. The developing 
bath, however, must be discarded after a 
couple of hours use, as its performance 
degrades rapidly with use. Follow the manu¬ 
facturer’s directions when mixing the chemi¬ 
cals from the packages. You will need three 
developing trays, of a size sufficient to hold 
the film under the solutions. These are 
generally shallow black plastic trays and are 
very inexpensive. 

Prepare the trays as follows: line up the 
trays, side by side, about 15.5cm (6”) apart. 
These trays, from left to right, are for 
developing, washing and fixing. Pour equal 
quantities of the 2-part developing solution 
into the developing tray until it is about half 
full. Then half fill the wash tray with 
ordinary tap water. The fix tray is half filled 
with the fix solution. 

Now we are ready to make the negative. 
Cleanliness is very important in any photo¬ 
graphic work - dirt or dust smears can show 
up on your completed work. Turn on your 
safelight and extinguish all other lighting. 
Open the package of film and carefully open 
the light tight inner container. Take out a 
piece of film and immediately close up the 
package again so you won’t forget later. 
Take a good look at the piece of film, 
handling it only by the edges. You will 
notice that one side is shiny, while the other 
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ARTWORK AND PHOTORESIST MATERIALS 

1. G. C. Electronics, 400 South Wyman St., Rockford IL 61101, offers a free catalog of 
the full G. C. line of components and chemicals. 

2. Bishop Graphics, Inc., 7300 Radford Avenue, North Hollywood CA 91605 offers a 
catalog of drafting aids for quantity users. 

Many ham-oriented electronics supply houses have G. C. displays with all necessary 
materials to make everything except the negatives. 

Ferric chloride can be obtained in gallon quantities at many electronic or chemical 
supply houses. 

Hydrochloric acid for etchant rejuvenation can be obtained from chemical suppliers 


has a dull finish. Place the dull side down in 
your contact frame. Then put your artwork 
down on top of the film, centering it 
carefully, and place the clear glass cover 
down on top of that Expose for approxi¬ 
mately 2 seconds at a distance of about 
61cm (2’). Open the frame and extract the 
film. Place the exposed film in the develop¬ 
ing solution, shiny side up and rock the tray 
slightly to agitate the solution. After a few 
seconds, depending on the temperature, you 
will see the image start to form on the film. 
When the image seems to be fully developed, 
wait another 10 or 15 seconds. Then reach 
in and grab the film by the edge and pull it 
out. Let it drip for a few seconds, and then, 
still holding it by the edge, slosh it around in 
the wash solution (water) for about 3045 
seconds. Pull it out, let it drip and place it in 
the fixer. Rock the fix tray slightly to 
agitate for about 5 minutes. After the first 
couple of minutes in the fix tray, you can 
turn the normal room lighting back on. The 
final step is to wash the completed negative 
off in warm running water for a few minutes 
and hang it up to dry. At this time, hold the 
negative up to the light and look it over. The 
black areas should be really opaque, and the 
clear areas should be perfectly transparent, 
with no smearing or fuzzy lines. A little 
experimentation with exposure and develop¬ 
ment times will optimize your particular 
setup. Frankly, I was amazed at how easy 
and non-critical this process is, using litho¬ 
graphic film, compared to the elaborate 
setups used to expose and develop high¬ 
speed color film that requires total darkness, 
careful temperature control and precision 
timing of various steps. My workshop is in 
my unheated garage, and I have made 
beautiful negatives when the ambient tem¬ 
perature was as low as 60°F. The chemicals 
work a little slower at low temperatures, so 
just develop slightly longer. 


Sensitizing the Copper-clad Board 

While ready-made photo sensitized boards 
can be purchased, it is much cheaper to do it 
yourself. The photoresist is made by many 
different companies, but about the most 


convenient and easily obtained is a spray can 
made by G.C. Electronics. This resist is 
most sensitive to the ultraviolet portion of 
the light spectrum, so a common yellow 
“buglight’,’ can be safely used for the safe- 
light. Also you will need some means of 
drying the board after cleaning, and after 
spraying on the photoresist. A simple forced 
air oven can be made by blowing hot air 
from a small electric heater into a cardboard 
box - this is the method I use, see Fig. 1. 
Monitor the temperature in the box with a 
thermometer. The first step is to thoroughly 
clean the copper-clad board. Scrub it with 
steel wool soap pads, using plenty of water, 
until the copper is bright and shiny. Test for 
cleanliness by letting water flow across the 
surface — dirt or fingerprints will make the 
water “bead” or “break.” It is very impor¬ 
tant to have the copper surface clean to 
insure that the photoresist will adhere 
properly. After cleaning, and for all subse¬ 
quent operations, handle the board only by 
the edges. Wipe the board with a clean, 
lint-free rag, and place it in your "oven" to 
dry. Dry for about 20 minutes at 100 to 
115° F, then remove and let it cool to room 
temperature. The next steps must be done 
using only your yellow "bug" safelight for 
illumination. Lean the dry, clean board up 
against a newspaper backdrop and spray it 
well with the photoresist. Get on a good, 
thick coating and be sure to cover the 
complete copper surface. Daub off any 
excess on the bottom edge of the board, and 
place it into the oven, leaning vertically 
against the back wall. It is important to dry 
the photoresist quickly, as airborne dust 
particles will stick to the surface until it 
dries. Dryout will take about 15-20 minutes 
at 100 to 115° F. Do not overheat the 
photoresist as this will destroy its properties. 

Exposing and Developing the Board 

While the photoresist is drying in the 
oven, get your contact frame ready again. 
The G.C. photoresist instruction calls for 
exposure using ultraviolet or sunlight, but I 
get good results using the same 1 50W photo¬ 
flood lamp as is used for exposing the film. 
Since the resist is not as sensitive to this light 
as to ultraviolet, it takes longer to properly 
expose. 

Place the coated board in the contact 
frame, and center the negative over the top. 
Cover the top with the glass. Expose the 
board for about 8 minutes at a distance of 
about 30.5cm (1‘). After exposure, plunge 
the board in the G.C. developing solution for 
about a minute, using slight agitation. The 
image should form quickly as the unexposed 
resist washes off in the solution. Pull the 
board out and let the solution evaporate for 
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a few minutes. The normal room lighting can 
come on now, as the board is no longer 
light-sensitive. Rinse the board off with 
warm water and dry it with a soft cloth, 
using a blotting motion. Look the board 
over very carefully to make sure the pattern 
is complete, and has no pin holes or breaks. 
Defects are generally caused by a lack of 
cleanliness. Touch-up can be done with a 
resist pen, if necessary. 


Etch the Board 

My favorite etchant is ferric chloride, 
which can be “rejuvenated” and used over 
and over. I use a large plastic dish about 
20.4cm (8”) square and 10.2cm (4”) deep 
about 2/3 full of the ferric chloride. Heat 
speeds up the etching rate, so a glass 
aquarium heater is immersed in the solution 
to heat it to about 100°F. CAUTION: Never 
use any aluminum around ferric chloride as 
it reacts very violently. In fact, it is best to 
keep any metal away from your etching 
tray. To further speed up the etching pro¬ 
cess, you may use air from a small aquarium 
pump to “bubble etch” the board. Immerse 
a large aquarium aeration stone in the 
solution and float the board on the surface, 
face down. The pump air bubbling up from 
the stone through the ferric chloride etches 
the board very rapidly. A fresh batch of 
ferric chloride, using bubble etching, will 
completely etch a board in about 5 minutes. 
After repeated use, the etchant becomes 
saturated with all the copper it has dissolved 
until it finally refuses to etch away any more 
copper. Some of this copper can be removed 
from the solution by the addition of mur¬ 
iatic acid (hydrochloric). 

Carefully add about 2 fluid ounces of the 
acid per quart of ferric chloride, and let air 
bubble up through the solution for 12 to 24 
hours. This will rejuvenate the etchant 
enough to make it very active again. When it 
again becomes saturated, simply repeat the 
rejuvenation. The solution gets darker and 
darker each time, but I have observed no 
adverse effects. I can’t say how many times 
this rejuvenation can be successfully carried 
out, since I have been using my present 
gallon for almost two years. I have added 
about a quart of muriatic acid over this 
period, and it is still going strong. I owe this 
idea, and the bubble-etching technique, to 
Larry Hutchinson, who had an excellent 
article on the subject in the September, 

1971, issue of Ham Radio. 

After etching the board, rinse it 
thoroughly with running water. Strip the 
resist from the unetched areas of the board 
with acetone which is much cheaper than 
most commercial stripping solutions. Satu¬ 
rate a small piece of cloth with the acetone 


and scrub off the resist, then rinse again with 
water and dry. 

Final Touches 

If desired, the board can now be trimmed 
to size, drilled and the components soldered 
in. However, a much better looking board 
can be made by plating the copper with a tin 
lead compound. This not only makes the 
board much easier to solder, but also insures 
the copper surface will not corrode. I use an 
electroless plating solution made by The 
Dynachem Corporation, Number EBS-250. 
To use, heat some of the solution in a pyrex 
dish to about 140° F on a hotplate. Dunk 
the board in, and in about 20 minutes the 
plating is complete. The coating is not very 
thick, only about a tenth of a mil, but is 
plenty for our purposes. The Shipley Com¬ 
pany in Newton MA also makes a product 
called LT-27 immersion tin, but I have not 
tried iL After plating is completed, rinse the 
board in hot water and dry. You now have a 
high-quality printed circuit board which can 
be duplicated easily and exactly by reusing 
your negative. Be sure to store your nega¬ 
tives and artwork where they will not 
become dirty, scratched or otherwise 
damaged. I put mine in manila envelopes and 
store them in my card file. 

Conclusion 

The techniques described above represent 
the optimum answer in my case to the 
tradeoffs between cost, complexity and 
quality. My boards now rival commercial 
boards in appearance and repeatability. 

However, some features of commercial 
boards are either too expensive or complex 
at this time to duplicate in the average home 
workshop. For instance, plated-th rough 
holes, multi-layer construction, wave solder¬ 
ing and spray etching. In addition, making 
double-sided boards, although I have done it, 
^ is still too difficult and time-consuming to 
justify in most cases. I am still looking for 
cheap and simple solutions to the above 
problems. In the meantime, try it my way 
you’ll like the results. ■ 





Adding An Ammeter 
to Your Car 


by 

W. J. Prudhomme WB5DEP 
1405 Richland Avenue 
Metairie LA 70001 


I n an effort to simplify the operation of 
automobiles, most car manufacturers 
have, for many years, incorporated an 
"Alternator Indicator Light” on the instru¬ 
ment panel in lieu of the ammeter of days 
gone by. While this “Indicator Light" 
requires less attention while you are driving, 
it does not give you complete information 
on the state of your electrical system. 


A recent experience with my car brought 
this fact to light and convinced me that my 
car should have an ammeter. Over a period 
of weeks, 1 was unaware that the output of 
my alternator was steadily deteriorating and 
not charging the battery properly. Even¬ 
tually the battery completely discharged and 
left me stranded away from home. The 
outcome from the experience was that I had 
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Fig. I. Ford electrical system with electromechanical type regulator. (Other electrical systems are similar.) 










to install a new alternator and I came very 
close to completely ruining a relatively new 
battery. During the entire time that the 
alternator was failing, the indicator light on 
the instrument panel would turn off during 
normal driving indicating that the alternator 
was “charging" and apparently, according to 
its indication, there was no problem. It 
occurred to me from this experience, that it 
would be better to have some type of 
indicating ammeter which would indicate 
the state of the system as to whether the 
battery was being charged or discharged. 
This article describes a method of installing 
an ammeter into your existing automobile 
system without any changes or modification 
to the existing system and at a very low cost. 
In fact, it is so easy and inexpensive to 
incorporate it into your system that you 
shouldn't be without one, especially if you 
operate mobile radio equipment which adds 
an additional drain to your car battery. 

Advantages 

The system I am about to describe has 
several advantages which make it attractive 
for an amateur to install in his car. These 
advantages are: 

(1) All leads are at ground potential, so 
there are no problems with shorts in the 
system or the necessity of fusing the con¬ 
ductors. 

(2) No heavy currents pass through the 
indicator, so small conductors may be used. 

(3) Although the system makes use of 
shunt resistance to measure the current, a 
unique method is used so that no additional 
voltage drops are added into the present 
electrical system. 
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Fig. 2. Simplified diagram excluding the regulator. 

(4) It is very easy to add to your existing 
electrical system — no changes in existing 
wiring. 

(5) The ammeter circuit can easily be 
adapted with a switch and resistor to read 
system voltage. 

(6) It is inexpensive to install and 
depending on the type of meter movement 
you install, the cost can range anywhere 
from $1.50 to $7.00. 

With these advantages, I feel certain that 
more amateurs will want to install an 
ammeter to their car electrical system to 
monitor the battery charging rate. 

Typical Electrical System 

Referring to Fig. 1, a diagram for Ford 
Electrical System is presented. This system 
incorporates an electromechanical voltage 
regulator and is the type used in my own car 
(although other systems such as General 
Motors are similar). As you can see, the 
alternator consists of a stationary 30 stator 
winding in which the output goes to a set of 
diode rectifiers. These diodes are arranged in 
such a manner that the output at the battery 
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Fig. 3. Basic electrical system showing resistance in ground path circuit — discharge condition 
(engine stopped and electrical loads connected). 





terminal of the alternator is always positive. 
There is a rotating field which excites the 
stator winding during normal operation. As 
you can see, the alternator is always con¬ 
nected directly to the battery through a 
terminal block, and it is at this point that 
the other electrical loads in the car are 
connected. The neutral from the stator 
winding is grounded through the field relay 
winding in the voltage regulator and its 
contacts are normally open. When the 
ignition switch is turned on, a certain 
amount of voltage from the battery is 
connected directly to the field through the 
charge indicator light on the instrument 
panel. After the engine is started, and the 
alternator is producing current, the stator 
current flowing through the field relay 
winding pulls the contacts down which in 
turn bypasses the indicator light on the 
instrument panel. In other words, as long as 
the alternator is producing current of suffi¬ 
cient magnitude to hold the field relay 
contacts closed, the charge indicator light 
will be off, indicating that the alternator is 
producing current. 

This system works fine as long as all 
elements in the system are operating under 
normal circumstances. However, as long as 
the alternator is capable of producing 
enough current to operate the field relay 
contacts, the charge indicator will be ex¬ 
tinguished although there may not be 
enough current produced to charge the 
battery. Under these circumstances, the 
charge indicator light does not give a true 
picture of what is happening in the system, 
and it also does not indicate the amount of 
discharge or charge condition of the battery. 


IB IL =0 



Fig. 4. Charging condition — engine running with electrical loads off. 


Referring to Fig. 2, I have indicated a 
simplified diagram of the battery-alternator 
connections without the regulator or field 
windings shown. As you can see, the alter¬ 
nator is continuously connected to the 
battery and to the other electrical loads 
usually at the terminal of the starter relay. 
During normal operation of a car, the 
alternator performs two functions. First, it 
produces enough current to operate the 
electrical loads in the car and second, it 
produces current to flow back into the 
battery to charge the battery during normal 
driving conditions. There may be a time 
when a faulty alternator does not produce 
enough current to do both, and it is under 
these circumstances that you may end up 
with a dead battery and no forewarning of 
that condition. 

Also, from the diagram, it appears logical 
that the correct location for a charge indi¬ 
cator would be somewhere in the battery 
circuit, either between the positive terminal 
on the alternator and the positive terminal 
on the battery, or between the negative 
terminal on the battery and ground. This 
indicator should have a zero center scale so 
that it would indicate a discharge condition 
(battery drain) or indicate a charging con¬ 
dition from the alternator. The usual 
method of connection is to add some type 
of shunt into the system in order to sample 
the amount of current flowing in the con¬ 
ductors to provide an indication. However, if 
a shunt is added into the circuit (such as the 
% Ohm shunts which are used on most 
automotive ammeters you can purchase at a 
store) you incorporate an additional voltage 
drop into the system. By accident, I deter¬ 
mined a unique feature of automobile 
systems which you can make use of in what 
I call a built-in shunt condition. 

Ground Paths 

Referring to Fig. 3, I have indicated a 
simplified electrical diagram showing elec¬ 
trical loads connected to the system. This is 
a discharge condition in that the engine is 
stopped and there is no output from the 
alternator. Since the alternator remains con¬ 
nected to the system, it would appear that 
some drain would also result from the 
alternator. However, keep in mind that the 
alternator windings are connected to the 
positive terminal through diodes, and there¬ 
fore, no reverse current can flow through the 
alternator. Under this condition, the alter¬ 
nator current IA = 0. Applying Kirchhoff’s 
Law which states the sum of the currents 
entering a junction is equal to the sum of the 
currents leaving the junction, we have the 
battery current Ib entering the terminal and 
the load current l[_ leaving that junction. 


36 




Since the alternator current is equal to zero, 
IB = IL> ot simply stated, the battery is 
supplying all of the required power to 
operate the load. 

Let's discuss for a minute the theoretical 
versus actual conditions. We normally think 
of the negative terminals of the battery, 
alternator and loads all being grounded 
together so that all negative terminals are at 
the same potential. However, in most cases, 
we are depending on the frame of the car as 
a ground return path, and since steel is a 
mediocre conductor, there is always some 
inherent resistance incorporated into all 
automobile electrical systems. I have repre¬ 
sented this resistance as being Rl between 
the battery negative terminal and the alter¬ 
nator negative terminal and R2 between the 
alternator and the electrical loads. Applying 
Ohm's Law, the voltage drop across Rl 
would be: 

E= (l B ) (Rl) 

Granted, the resistance of Rl is small, in the 
neighborhood of 0.01 to 0.1 Ohms, but the 
currents are very large — in the neighbor¬ 
hood of 10 to 30 Amps (except during starts 
when it is much higher). Consequently, the 
voltage drop across Rl is a measurable 
quantity and can be used to indicate which 
way the current is flowing in the battery- 
alternator loop. This is shown on the meter 
in Fig. 3 as a discharge situation. 

Fig. 4 is a diagram of a basic charge 
condition in which the engine is running and 
no loads are connected. Again, applying 
Kirchhoff’s Law with l|_ = 0 we have: lB is 
equal to I A, and the voltage drop across Rl 
is E = (Ib) (Rl), but is of the opposite 
polarity of the discharge condition in Fig. 3. 
As the battery becomes charged, the alter¬ 
nator current charging the battery gradually 
tapers off and so will the voltage drop across 
Rl so we get a direct indication of the 
condition of the battery, and we know 
exactly when it has reached full charge 
condition. 

In Fig. 5 we have a diagram showing 
normal operation of the vehicle in which the 
engine is running and certain electrical loads 
are connected. Under this situation, again 
applying Kirchhoff’s Law, we have Ib and l[_ 
leaving the terminal and the alternator 
current, I a, entering the terminal. Stated as 
an equation, lA = lB + lL- This means that 
the alternator has to supply enough current 
to operate the electrical loads and charge the 
battery at the same time. Of course, as the 
battery becomes fully charged again, the 
battery current will gradually taper off, and 
the alternator will be operating mainly to 
supply current to the electrical loads con¬ 
nected to the system. 


Ohm’s Law Applied 

It is apparent that there will be some 
voltage drop which can be measured across 
this ground path resistance, but just exactly 
how much will be measured and how can it 
be utilized in a charge indicator? 

Let’s take for example, that the ground 
path has a resistance of only 0.01 Ohms and 
that a typical alternator is capable of pro¬ 
ducing at least 30 Amps. The voltage drop 
across the ground path of resistance would 
then be: 

E = IR = (30) (.01) 

Therefore, E = 0.3 volts 

This voltage is easily measured and the 
instrument may be calibrated in terms of 
Amps, that is, 0.1 volts would indicate a 
current of 10 Amps. 

If the normal charging rate is. for 
example, 10 Amps, the voltage measured 
would be 0.1 volts. From this example, it is 
clearly evident that there is plenty of voltage 
available for a sensitive indicator and can be 
used to our advantage in a charge indicating 
instrument without adding additional shunt 
resistance into the electrical system. Our 
next problem is to determine how and where 
to connect the meter in the circuit. 

Basic Ammeter Circuit 

Fig. 6 shows the actual circuit used in my 
car with a 50 uA meter. This instrument, as 
with most instruments (even the very inex¬ 
pensive tuning indicator instruments) can be 
converted to a zero center scale instrument 
so that my meter now has become a ±25 uA 
meter. I also installed a meter protector 
circuit across the terminals to limit the 
current during starting, and added a 2k 



Fig. 5. Typical operating condition with battery charging current tapering off. 
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resistor into the circuit to allow for calibra¬ 
tion of the meter. 

As I mentioned, the basic movement that 
I used was a 0-50 uA meter manufactured by 
Midland, Model No. 23-206. However, any 
meter may be used, possibly up to a 0-1 mA 
meter, depending on your own particular 
situation. You may want to use a VOM to 
check your particular ground path circuit 
under normal conditions to find out how 
sensitive a meter movement will be required 
in your particular case. After this has been 
determined and you have a meter available, 


±25 M A f 
(TYPICAL) l A* 




.TO GROUND TERMINAL 
ON ALTERNATOR 
HOUSING 






METER IS A MODIFIED BASIC 
50^A MOVEMENT 


Fig. 6. Actual diagram for adding an ammeter to car electrical system — no 
changes are required to existing wiring. 


the next step is to carefully remove the 
plastic cover on the meter. Then, after 
removing the two retaining screws of the 
dial, it must be carefully slipped out from 
under the pointer. Then, all that is neces¬ 
sary is to erase the lettering not required 
and to add in new lettering according to 
your own particular circumstances. 

The next step is to convert the instru¬ 
ment to a zero center scale type instrument. 
This is easily accomplished by moving the 
zero adjustment until the pointer is at 
mid-scale. It is possible to do this on all 
instruments that I have seen, including the 
little horizontal movements that are avail¬ 
able through surplus outlets for a dollar and 
a half. The quality of the instrument is 
governed only by your own particular needs. 
The final step is to replace the dial and 
plastic cover and install the protective diodes 
across the meter terminals along with the 
multiplier resistor used for calibration. 

Installation Details 

The next step involves installation in the 
car and connecting the meter leads to the 
proper points in the electrical system. It is 
best to use solid conductor wire of approxi¬ 
mately 18 gauge, and if you can find 
Teflon-coated conductors, so much the 
better. Since the leads will be near hot parts 
of the engine, Teflon-insulated conductors 
are more resistant to heat and grease in this 
type environment The two leads from the 
instrument circuit should be routed through 
any available opening in the fire wall and 
around to the alternator and negative 


terminal of the battery. One conductor is 
connected to the ground terminal on the 
alternator housing. The other conductor is 
connected to the negative battery terminal 
right at the battery post. To check to see if 
you have the right polarity, leave the engine 
off and turn on some load such as headlights 
or press on the brake pedal. The instrument 
should swing from the zero center scale to 
the left indicating a discharge condition. If it 
swings the other way, the leads should be 
reversed. The next step is to get a rough 
calibration on the instrument. Turn on 
headlights or some other load with a known 
Amp rating and roughly calibrate the instru¬ 
ment based on this amount of load. If you 
have another ammeter, you can use it to 
check and calibrate your new instrument. 

It is imperative to connect the ammeter 
circuit into ground path R1 between the 
battery negative terminal and the alternator 
ground terminal. Otherwise, if by mistake it 
is connected between the battery negative 
terminal and ground near some of the 
electrical loads, it is easy to see from the 
basic diagrams above that you would get 
roughly twice the indication on discharge 
which is the sum of the voltage drops across 
R1 and R2 in a discharge condition. In a 
charge condition, the indication will be the 
difference between the voltage drops across 
R1 and R2 since the voltage drops are in 
opposite directions. This obviously will give 
you false indications and will be useless as 
far as determining the state of charge of 
your battery. 

Conclusion and Results 

You are probably wondering at this point 
as to whether or not it would have been 
easier to buy one of the commercially 
available ammeters for six to ten dollars and 
not have the problem of converting another 
meter for use in this project. It is true it may 
have been easier, but the meter movement in 
commercial automotive instruments is not 
known for its quality and there are usually 
no means of calibrating the commercial 
instrument. Also, most commercially avail¬ 
able instruments make use of an additional 
meter shunt into an electrical system of 
approximately !4 Ohm. Admittedly, this is 
not very much resistance to add into a 
circuit, but a quarter Ohm at 20 Amps could 
introduce an additional voltage drop into the 
automobile electrical system. 

My particular charge indicator has been in 
operation for some time, and it has been a 
great help to me in monitoring my auto¬ 
mobile electrical system. Since many ama¬ 
teurs have mobile equipment added into 
their cars, I hope this article will be of 
benefit to them in keeping their equipment 
in top operating condition. ■ 





Really Soup Up 
Your 2m Receiver 


by 

Calvin Sondgeroth W9ZTK 
800 Fifth Avenue 
Mendota IL 61342 


U sing semiconductors now available for 
VHF service it is possible to build a 
preamplifier for 144 MHz that will perform 
as well or better than all but the best 
vacuum tube designs in terms of gain and 
noise figure. The solid state approach offers 
several advantages over a vacuum tube ampli¬ 
fier in size and power requirements. The 
preamp described is completely self con¬ 
tained and can be powered for many hours 
by a small transistor radio battery. In addi¬ 
tion, semiconductor prices are now about 
one fourth the cost of a new vacuum tube 
for the same job. The money saved by using 
the transistor can be well spent on a couple 
of good quality components for the rest of 
the circuit. 



Circuit Description 

The circuit for the preamp is shown m 
the schematic diagram. Q1 is operated in a 
grounded base configuration for best stabili¬ 
ty at 144 MHz. The input impedance of this 
type of amplifier is quite low and the 
emitter is tapped down well toward the 
ground end of the input coil LI compared to 
the tap position that might be used in a tube 
amplifier. The emitter is raised above ground 
by R2. A choke in the emitter lead with R2 
bypassed for rf was tried, but the amplifier 
seemed to work as well with R2 alone, so 
the choke was abandoned. The input and 
output coils LI and L2 arc identical except 
for the second tap on LI. They are wound 
with #18 bus wire with 4Vi turns spaced out 
to VS” long. Both input and output tanks are 
tuned to resonance with piston type trimmer 
capacitors. Here is where the money saved 
on buying a new 417A tube or its equivalent 
can be put to good use. The price difference 
between the tube and transistor will just 
about pay for two good quality capacitors. 
The piston tuning action makes circuit ad¬ 
justment very smooth. 

The bias operating point for the amplifier 
is set by the voltage divider Rl and R3; the 
value of Rl is adjusted for optimum gain 
versus noise figure as described later. 

Construction 

A pictorial drawing of the mechanical 
layout of the amplifier is shown. A standard 
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1-5/8” X 2-1/8" X 3-1/4” minibox serves as 
a shielded enclosure for the finished unit. Q1 
and its associated components are mounted 
on a piece of 1/16” thick copper clad circuit 
board material that just fits inside the box 
with clearance at the sides for the cover. The 
transistor is mounted through a 3/16" hole 
in the center of the board with a second 
piece of circuit board material soldered 
vertically across it to act as a shield between 
the input and output circuits. The shield has 
to be notched to clear the transistor leads 
with the emitter and base leads on the input 
side and the collector and the fourth lead 
connected to the transistor case on the 
output side. The case lead is soldered di¬ 
rectly to the ground copper on the center 
shield. 

Two 500 pF feedthrough capacitors serve 
as the points for the base and the B+ leads; 
two insulated terminals are used for the 
emitter and collector connections. The bias 
resistors R1 and R3 are mounted on top of 
the board as shown for ease in adjusting 
their values. The emitter resistor R2 could 
probably be on top as well, but I thought it 
best to keep it down inside the shielded 
input compartment since it is above rf 
ground. The piston trimmers are located 
approximately as shown with the coils con¬ 
nected to them as indicated on the schema¬ 
tic. This general layout makes for the short 
leads important in VHF wiring. Ground 
connections are soldered directly to the 
copper on the circuit board. 

After the circuit is wired up on the board 
it is mounted inside the minibox as shown 
with two standoffs and screws in diagonal 
corners. Two dummy screws in the other 
corners act as feet to match the screws going 
through the standoffs. The four resulting 
studs can be used for mounting to another 
chassis if desired. The input and output 
connectors JI and J2 are mounted on the 
ends of the box. The output end has a 500 
pF feedthrough capacitor and a ground 
terminal for connection to an external bat¬ 
tery. 

Adjustment and Tune-up 

For preliminary adjustment of the pre¬ 
amplifier, connect a 5000 to 10,00012 
potentiometer in the circuit in place of Rl. 
Tuning is done on a weak signal. If your 
location is tike mine there will either be no 
signals at all or those present will be weak, 
so for extended periods of adjustment 
a local signal source is desirable. A grid dip 
meter can be used, but the stability of a 
crystal oscillator like the one shown is much 
better. Its harmonic in the 2 meter band is 
fairly strong and the signal source can be 


removed from the receiver location until the 
signal is just readable without the preamp 
ahead of the receiver so that improvements 
with the preamp connected can be noted. 

With the amplifier in the line and the bias 
adjust pot approximately in the center of its 
range, the weak signal is tuned in and Cl and 
C2 are adjusted for maximum signal. With 
the tanks peaked, adjust the bias pot for best 
improvement in signal over the noise output 
of the receiver. Remember that what we are 
looking for is best margin of signal over the 
noise and not maximum S-meter or other 
output meter indication. In general a bias 
point where the noise output of the receiver 
just starts to increase is optimum. Increasing 
the voltage at the base of Q1 too much 
beyond this point increases the noise output 
of the amplifier, and a point is reached at 
which the increase in gain obtained is not 
enough to make up for the poorer noise 
figure of the system. 

When the pot has been set for optimum 
performance its value is measured and re¬ 
placed by a suitable fixed resistor. Values 
from 2000-40000 can be expected with 
the 2N2708 specified. Two holes are added 
to the minibox cover for access to Cl and 
C2 since putting on the cover detunes the 
input and output circuits slightly and they 
must be retuned with the cover in place. 


For simplicity, and 
improvement in two meter 
work, this kind of device is 
hard to beat... 


Conclusions 

The transistor specified was used because 
it was available. It is rated up to 200 MHz 
with a gain of 15 dB and costs a little under 
$3.00. Other RCA transistors in the same 
family should work just as well. For 
example, the 2N4936 is rated at 20 dB gain 
up to 450 MHz and is even less expensive 
than the 2N2708. 



Fig. 2. LI - 4'A turns #18 3/8" diam x '/Along; tap at 1 turn for emitter; tap 
at 1'A turns for input. L2 - 4'A turns #18 3/8” diam x ’A" long; tap at 1'A 
turns from B+ end. Ql — Ep. FI. NPN silicon transistor, 2N2708. Cl, C2 — 
piston trimmers. JI, J2 — BNC coax connectors. *Adjust Rl for optimum 
gain vs. noise figure. 
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a good low noise converter since the noise 
figure of the preamp will degrade the overall 
performance of the system. When tried on a 
W2AZL 417A converter all it did was make 
the S-meter readings higher; reception on 
weak signals was about the same with or 
without the preamp. However, ahead of the 
“twoer" or other marginal two meter re¬ 
ceiver, the preamp adds the gain needed for 
copying weak signals. 

No trouble with instability was encoun¬ 
tered, although with very' high stage gain the 
circuit can start to oscillate. With a bias 
setting this high, the noise output of the 
amplifier makes it practically useless; at 
normal operating bias as adjusted above the 
circuit is quite tame. The isolation between 
input and output is very good since the 
circuits are effectively in separate enclosures 
formed by the minibox, the circuit board 
and center shield. 

For simplicity and improvement in two 
meter work, this kind of device is hard to 
beat. With a few parts and a spare evening, it 
can be put together and tried ahead of the 
receiver with a minimum of metal work and 
chassis drilling. And the best part comes 
when the battery can be used instead of 
digging into the receiver or another power 
supply. * 


Vanguard 

now has the World’s Largest Selection 
ofi Frequency Synthesizers 









How's Your 
Speech Quality? 


73 Magazine Staff 


T he objective of speech processing has 
always been to obtain more "talk 
power” from a given transmitter. In the case 
of SSB, this has meant increasing the average 
to peak ratio of the af (and hence eventual 
rf) waveform. 

In FM systems, it has meant limiting the 
maximum allowable deviation to not exceed 
the receiver passband. Compressors, clippers 
or combinations of the two methods are 
used to accomplish the desired effect. 

One problem that often arises with 
simpler circuits is that an increased bassiness 



FREQUENCY, Hi 

Fig. I. (Block) Typical tailored voice frequency response of a speech 
processing unit at very low input levels. 

Fig. 2. (Grey) The output level of a speech processor as the circuit is adjusted 
to clamp the output at different levels. Notice that as the output level is more 
severely damped the overall frequency response becomes broad and flat. 


appears in the processed speech the more it 
is processed. The reason for this may not be 
apparent when one looks at the so-called 
frequency response of a compressor or 
clipper circuit as shown in Fig. 1. 

The problem arises because the frequency 
response of the compressor or clipper circuit 
will change depending upon the input level. 
The response of Fig. 1 is plotted before any 
compressor or clipping action becomes effec¬ 
tive and looks classically effective. 

The low frequencies which contain most 
of the speech power but little of speech 
intelligibility are reduced in value and a 
gradual rising response to about 3 kHz gives 
emphasis to the higher frequencies which 
provide a “presence” effect in the speech. 

If one plots the frequency response for 
different values of compressor or clipper 
action, as shown in Fig. 2, it will be seen 
that as the amount of compression or 
clipping increases, both the low and high 
frequency response of the output is 
extended. 

The compressor/clipper action in most 
such circuits, which are not frequency selec¬ 
tive, simply levels out the whole output over 
the entire speech frequency range. The 
harder one “hits” the compressor/clipper, 
the more pronounced is the effect. So, one 
can often not achieve the maximum value 
from such a circuit and ends up with a 
compromise setting of the circuit. This 
provides some increase in talk power with¬ 
out too much speech degradation. 

Another problem also enters the picture 
— the problem of distortion due to the 
generation of intermodulation and harmonic 




products in the compressor/clipper circuitry 
the harder it is driven. 

The latter problem will occur first in 
some compressor circuits and would tend to 
indicate that the input stages are not 
designed with a great enough dynamic range. 

Sophisticated, and costly, compressor/ 
clipper units get around some of these 
problems by splitting the frequency band to 
be processed into different ranges, applying 
a weighted processing to each range and 
other techniques. Broadcast quality, after 
all, just doesn’t mean an ultra smooth 
frequency response but keeping that trans¬ 
mitter modulated within FCC specs just as 
heavily as possible. 

Compare a recording of a good AM or FM 
talk station with that obtainable from any 
amateur speech processing unit. If the 
recording is made such that the peak input 
level to the recorder is the same in both 
cases, the tremendous difference in effective¬ 
ness of the commercial unit is apparent. 

The point here is not to criticize amateur 
circuits since commercial units cost thou¬ 
sands of dollars and are part of an 
engineered microphone-to-modulator chain, 
but to indicate that much still remains to be 
done in the amateur sphere. 

One improvement that can be made in 
most simple compressor/clipper circuits is to 
correct the frequency response to get away 
from the problem previously described. 

Two methods are possible - either a 
dynamic circuit that will correct the input 
frequency response according to the amount 
of compression or clipping, or a static 
filtering circuit both before and after the 
compressor/clipper circuitry. 

The author has experimented with active 
circuits using FETs as variable resistance 
elements in a 2 stage RC high-pass filter 
arrangement placed before the input to a 
compressor. The control voltage developed 
in the compressor was also used to control 
the FETs and in such a manner that the 
greater the control voltage developed (due to 
greater input levels), the frequency slope of 
the high-pass filter was changed to attenuate 
the lower frequencies more and more. 

The circuit did work but every com¬ 
ponent had to be tailored to work with a 
particular compressor circuit. Therefore, 
since it is far from a universal approach the 
circuit details are not presented here. 

A more universal approach involves the 
use of passive components to form a suitable 
filter both before and after a clipper or 
compressor circuit. The details of such filters 
are shown in Fig. 3 for typical low impe¬ 
dance input and output circuits. Standard 
handbook formulas can be used to design 
the filters for any desired combination of 
impedance levels. 
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Fig. 3. Some typical circuit values for. the filters discussed, in the text. 

The input filter performs a pre-emphasis 
function to reduce the low frequency to 
drastically reduce the low frequency com¬ 
ponents. It has a cutoff frequency of 
800-1000 cycles. 

The main purpose of this filter in 
reducing the low frequency input to a 
compressor or clipper is to reduce the 
inter-modulation products caused by the low 
frequencies, and which remain within the 
speech passband up to about 4 kHz. This 
will allow a greater degree of compression or 
clipping to be used. The output filter is a 
high-pass filter with a cut-off of about .3 
kHz in order to provide the low frequency 
rolloff which is lost when heavy compression 
or clipping is used. In the case of a clipper, it 
is assumed that it already contains the 
necessary low pass filter to reduce the 
harmonic energy above about 4 kHz. 

The filters have only a few dB insertion 
loss in their passband and so can be used 
with almost any compressor or clipper cir¬ 
cuit which has just a bit of reserve gain. 

There are no particular construction pro¬ 
blems with the filters. Standard surplus 
toroid telephone coils are highly recom¬ 
mended for the inductor elements and are 
inexpensive to use. 

One might like to experiment with the 
rolloff frequencies of the filters by varying 
the capacitor values slightly to suit 
individual voice characteristics. The use of 
the filters will definitely enhance the effec¬ 
tiveness of most compressor or clipper cir¬ 
cuits. It’s accomplished both by allowing a 
greater degree of compression or clipping 
and by eliminating the low frequencies at 
the output of the processed speech which do 
not contribute to communications effective¬ 
ness. The enhancement of a transmitter's 
effectiveness by such speech filters in con¬ 
junction with a compressor or clipper is a 
matter of subjective evaluation. 

Most tests indicate a 2-3 dB improve¬ 
ment. The component costs make this 
method quite a bargain - and beat raising 
the transmitter power. ■ 
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A Transmission Line 2 
Matcher 


by 

Carl C. Drumeller W5JJ 
5824 N.W. 58 Street 
Warr Acres OK 73122 


T hat title may require some explanation. 

What it really means is that a length of 
coaxial rf transmission line is used to effect 
compatibility between the output impedance 
of a transmitter and the presented impe¬ 
dance of a transmission line leading to its 
antenna. Often, you effect such a match by 
means of an antenna tuning unit. The British 
call these ATUs. We use a variety of fancy 
terms, like “Z-matchers,” “Transmatchers,” 
“Matchboxes,” etc. They all do the same 
job. 

If the mismatch is not extreme, no more 
than you’d encounter with a VSWR of 
around 5:1, a section of transmission line 
can accomplish an acceptable match. 

We’ve all been told many times of the 
application of a !4X section of line for 
impedance matching. Less often, however, 
have we heard about the use of other lengths 
for transforming impedance. That's the pur¬ 
pose of this article. 

First, we need to take a look at a 
graphical representation of the voltage stand¬ 
ing wave upon a mismatched transmission. 
This is often shown in handbooks. A few 
even hint at the reactances present. These 
reactances, which vary in both magnitude 
and sign (inductive or capacitive) as 
measured along a !4A section of line, can be 
put to use. We’re going to talk about using 
them as conjugate reactances, that is, of 
equal magnitude but opposite sign, to negate 
undesired reactances on an antenna feedline. 
Fig. I shows the extreme case of a line 
terminated in a short circuit. Fig. 2 depicts 
another extreme, a line terminated in an 
open circuit. Note that these two differ only 
by 90°. That is, if you were to slide one 90° 
to a side, it would be the same as the other. 
From this, you can deduct that alt other 


terminations lie somewhere between these 
two extremes. So they do, regardless of 
whether they’re purely resistive, purely reac¬ 
tive, mixtures of the two (as are most 
real-life antennas), higher than the charac¬ 
teristic impedance of the line, or lower. 

Now, with this as a starter, let’s take a 
look at the average transmitter. In all pro¬ 
bability, it was engineered (probably much 
against the design engineer’s better judgment 
but by the stern orders of the sales depart¬ 
ment) "to be used with transmission lines 
with a VSWR of not more than 2:1.” This is 
choice weasel wording to give the manufac¬ 
turer impunity should an inept user damage 
it by some gross misuse. 

Let’s consider why the manufacturer likes 
to include the weasel wording. Look at Fig. 
1. Points A, C and E have an impedance that 
is purely resistive and very, very low. You 
couldn’t make such a termination accept 
power. Points B and D also are purely 
resistive, but their impedance is very high. 
It’s improbable that these could be made to 
accept power. In Fig. 2 the same comments 
apply, only with the high and low impe¬ 
dance points flipped over. But Fig. 3 shows 
a line terminated in a resistor, one higher 
than the line’s characteristic impedance so 
that there’re standing waves present. Not 
only are points A, B, C, D and E resistive, 
but there’s a resistive component present at 
any point along the line. This means that 
you can slice off that line at any point you 
desire and still feed rf power to your 
antenna. But, there’s a hooker. There always 
is. This one concerns all points between the 
lettered points. Anywhere in these regions 
the line will present a combination of 
resistive and reactive load. 
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The introduction of reaction gives the 
manufacturer more cold chills than do the 
excursions of impedance magnitudes. You 
see, within the transmitter there must be 
provision for transforming whatever com¬ 
plex load shows up at the transmitter's input 
terminals to a purely resistive load of the 
proper magnitude to produce the 
desired load for the active device (vacuum 
tube, transistor, etc.) in the transmitter. In 
most of today’s transmitters this is done 
through transformations provided by a pi- 
network. Now, if you’ve ever looked at the 
formulas for computing the values of the L 
and the two Cs in a pi-net you may have 
noticed that the formulas apply solely to 
resistive input and output terminations. If 
that output looks into a complex load, one 
having a reactive component, all bets are off! 

This doesn’t mean that a pi-net (or, much 
better, a Pi-L net) can’t cope with a 
moderately-reactive load. It can, otherwise 
there’d be very few present-day transmitters 
capable of being used! It does mean, how¬ 
ever, that the transmitter’s combination 
tuning device and impedance-matching 
device (for that is what the pi-net really is) 
has to negate the reactive component of the 
load by introducing a conjugate reactance. 

How's that done? By deliberately detun¬ 
ing the plate tank circuit from what would 
be resonance were the load resistive. This 
causes the tank itself to be reactive, and, if 
the reactance is opposite and equal to that 
of the load, the vacuum tube (or other active 
device) still sees a resistive load. Sounds like 
a handy way of getting around a problem, 
doesn’t it? But, like many other solutions, it 
introduces its own set of problems! When 
the plate tank is detuned, the carefully- 
selected LC combination is upset. That ratio 
was selected upon the basis of Q, of 
maximum circulating current that could be 
tolerated, and of the maximum voltage that 
could be handled. Detune one way, and you 
may melt down a marginal-design tank coil. 
Detune the other way, and you may have a 
voltage flashover across a marginal-design 
capacitor. And don’t think those com¬ 
ponents are not of marginal design! That's 
why the manufacturer has to weasel-word 
his guarantee! He leaves it up to you to 
provide the necessary protection that he’s 
too cheap to build into his transmitter. 

You don't want to re-engineer the trans¬ 
mitter; there’s not room enough in the case 
to accommodate adequate components, any¬ 
way. You’re not too enthusiastic about 
plunking down from one hundred to several 
hundred dollars for a "Matchbox” or a 
similar device. You’d just as soon avoid the 
complexity of building a "transmatch.” But 
there’s a simple way out! 




Look again at Fig. 3, and keep in mind 
that the pattern of those convolutions keeps 
repeating itself every V>\, regardless of how 
long the transmission line may be. Now, 
suppose your line is of such length that your 
transmitter is trying to look into it at point 
X. This high impedance very probably is too 
much for the transmitter to cope with, but if 
you were to add just enough line length to 
patch it out to point Y, the impedance will 
be lowered to a quite reasonable magnitude! 
Try it. If your transmitter doesn’t like a 
capacitive load, and some don’t, just add 
enough additional line to patch it out to 
point Z, which is inductive-plus-resistive. 

This sounds like a big job, one that 
requires a slide rule plus a stack of tables and 
graphs. Don’t believe it! Get a few hunks of 
transmission line of the same impedance as 
your feedline, a few coax connectors, and 
experiment. Use low power (turn down the 
exciter drive), and you’ll not endanger your 
transmitter. You'll be pleasantly astonished 
at how easy it is to hit (by a purely 
hit-or-miss technique) upon a presented im¬ 
pedance with which your transmitter is 
happy. And a happy transmitter is what 
you’re working toward. 

Now for a word about what you're not 
doing. You’re not “trimming the trans¬ 
mission line to decrease the VSWR.” That is 
a pure myth. The VSWR is determined 
solely by the relationship of the line’s 
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characteristic impedance and the load at the 
far (antenna) end. No amount of fiddling at 
the receiving end or messing with line length 
will affect the VSWR. Changing line length 
will, however, change the impedance the line 
(if it*s mismatched) presents to the trans¬ 
mitter. And that’s what you'll be doing. 

In my case, I’m using a 3800kHz antenna 
on 4590kHz. Adding about 3.66m (12') to 
the o nl y -1 h e-Good-Lord-may-know-what 
length of my transmission line transformed 
the impedance to a value easily coped with 
by an ordinary pi-net output circuit. High 
VSWR? Undoubtedly! High signal loss? I 
doubt it, for my reports from distant sta¬ 


tions compare with those received when 
using a resonant antenna. 

So go ahead and use a ‘‘transmission line- 
matching*' device. It s simple, it costs very 
little, and it does the job well. ■ 
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ASCII to 

Baudot Converter 


by 

Cole Ellsworth W60XP 
10461 Dewey Drive 
Garden Grove CA 92640 


A fter acquiring a surplus ASCII 
encoded keyboard* it was desired to 
use this keyboard on the amateur RTTY 
frequencies. Under present FCC regulations, 
only 5-level code is permitted (commonly 
called Baudot code, but actually a version of 
the Murray code). Therefore, we needed a 
conversion device that would change the 
8-level ASCI I code to 5-level code. There are 
several different approaches to this problem 
presently in commercial use. One of the 
earlier conversion methods utilized tape 
reperforators and tape readers to accomplish 
the conversion. The more modern video 
display communications terminals in some 
instances use computer memory and soft¬ 
ware to make the conversion. Some inte¬ 
grated circuit manufacturers have made 
available commercial versions of custom 
programmed ROMs which greatly facilitate a 
bi-directional conversion but seem to be 
somewhat different in format from my 
requirements, including low cost. 

The ASCII code is capable of generating 
128 characters (2 7 ), of which up to 96 may 
be printing characters. (The remaining 32 are 
termed "Control” characters.) The Baudot 
code is capable of generating only 32 


characters (2 s ) so a "Case Shift" method is 
used to provide a second set of 32 characters 
while maintaining a 5-bit code. Thus the 
need for FIGS shift and LTRS shift on 
5-level machines is apparent. It is the 
requirement for generation of the case shift 
character that makes the problem of conver¬ 
sion from ASCII to Baudot so interesting. 
Conversion in the opposite direction, i.e., 
from Baudot to ASCII, is relatively simple. 
Witness the recent publication of a circuit 2 
that requires only four ICs to perform the 
conversion. 

I had been mulling around several 
possible approaches to the conversion 
problem when two significant situations 
arose which served to solidify the design 
approach. The first was during the course of 
a discussion of the matter with Jerry 
WB6WPX, when he suggested “jamming'* the 
case shift character into the Baudot output 
bit stream just ahead of the character 
requiring the case shift. The second was the 
development of the Uf-4 by Irv W6FFC' 1 . 
The FIFO in the UT-4 makes the perfect 
buffer for absorption of the case shift 
character (which is generated within the 
period of a few microseconds) without 
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significant delay in conversion of the 
following ASCII character. 

An initial cut at the design resulted in a 
12-chip circuit with a liming budget that 
appeared feasible. A second cut at the design 
resulted in an operational prototype 
requiring ten chips including the three con¬ 
version PROMs. At the suggestions of 
W6FFC, a circuit was developed to provide 
automatic generation of a Baudot LETTERS 
shift character following a LINE FEED. This 
feature eases generation of proper end-of- 
line routine when using an ASCII keyboard 
and is well worth the three additional chips 
required. The final design uses 15 chips and 
was dubbed the ASCII to Baudot Converter 
- version 1 (ABC-1). 

The logic diagram of the ABC-1 is 
illustrated in Fig. 1. Fig. 2 is the converter 
timing diagram. Interface with the UT-4 is 


shown in Fig. 3. Note that one additional 
7400 chip (IC13) and one switch (S9) must 
be added to the UT-4 circuitry to provide 
ABC-1 interface while maintaining full 
capability of the UT-4 in the originally 
intended application. 

Features 

1. Converts all ASCII characters that have 
Baudot equivalents to the proper Baudot 
character. 

2. Converts all non-equivalent characters to a 
Baudot BLANK unless otherwise pro¬ 
grammed in the appropriate PROM. 

3. Converts both upper and lower case 
ASCII alphabet characters to the equivalent 
Baudot character. 

4. Provides automatic Unshift-on-Space for 

Baudot machines. 
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Fig. 1(a). 



Figs. 1 and 1(a). U1, 3, 10, 13: 74221. U2: 7409. U4, 5, 6: 8223. U7: 74155. U8: 74365. U9: 
7410. UI1: 7404. U12: 7430. U14, 15: 74125. RI-5, 7-11, 18, 26: 4.7k. R12: 30k. R13-17, 
19, 20: 15k. R21-25: 10k. Cl: 330pF. C2, 3, 9: 100pF. C4: 210 pF. CS, 6, 8: 560 pF C7: 10 
uF, 10 V. Notes: ASCII inputs B1 through B7 are positive logic (Mark = High level). U4 is 
alphabet PROM that converts both UC and LC ASCII to Baudot. U5 is control function PROM 
for Carriage Return, Line Feed, and Bell. U6 PROM converts numerals, punctuation, and space 
bar. Most ASCII characters with no Baudot equivalent convert to a Baudot BLANK character. 
U11, 12 and 13 generate a Baudot LTRS shift function immediately following a Baudot LF, 
thus providing a standard end-of-line routine capability of CR, LF, LTRS. Baudot outputs B1 
through B5 are positive logic (Mark = High level). U14 and 15 provide direct ASCII throughput 
when SI is in ASCII position. For U1, 3-8, 10 and 13, Vcc is on pin 16 and Gnd is on pin 8, 
For U2, 9, 12, 14 and 15, Vcc is on pin 14 and Gnd is on pin 7. 


5. Provides Automatic Letters Shift after 
LINE FEED. 

6. Provides a Baudot Letters Shift on receipt 
of ASCII "RUBOUT” or "UNDERSCORE”. 

7. Provides a Baudot Figures Shift on receipt 
of ASCII "UP ARROW" or 

8. Provides for direct throughput of ASCII 
code. 

9. Provides 3-state buffered data outputs for 
data bus applications. 

10. Easy interface to the UT-4. 

Functional Description 

Parallel format ASCII data is applied to 
inputs (address lines) of 8223/74188 PROMs 
04, U5 and U6. Note that only bits 1 
through 5 are used for addressing the 
PROMs. Bits 6 and 7 are applied to 2-line to 
4-line decoder U7. The binary state of bits 6 
and 7 are decoded by U7 to provide an 
enable signal to pin 15 of the appropriate 
PROM. Decoding of ASCII bits 6 and 7 is 


arranged by means of U2B so that both 
upper and lower case ASCII alphabet will be 
converted to the equivalent Baudot 
character. 

PROM output data (in Baudot code) bits 
1 through 5 from all three chips are "wire- 
or’d” and applied to 3-staic buffer U8. If U8 
pins 1 and 15 are both low, data from the 
selected PROM passes through U8 and 
appears at the output of the converter. 

Simultaneously with the appearance of 
ASCII data at the inputs of the PROMs, the 
keyboard strobe signal is applied to U1A. 
U1A and B provide a total strobe delay of 
approximately 7 microseconds. At the end 
of this delay period, the strobe signal 
appears at the output of U2A. When the 
ABC-1 is connected to a FIFO such as in the 
UT-4, the delayed keyboard strobe signal 
causes a “shift in" signal to be applied to 
FIFO pin 17. Because the data at the output 
of ABC-1 chip U8 is already present at the 
FIFO data inputs, this data is entered into 
the FIFO as a parallel format Baudot 
character. 






The preceding paragraphs describe what 
happens in the converter when no case shift 
is required. Let us say that the character 
converted in the previous example was the 
character "R”. Let us now assume that the 
next ASCII character from the keyboard is a 
period. Conversion of this character to 
Baudot code requires that it be preceded by 
a FIGS shift character. The states of bits 6 
and 7 in the ASCII period character cause 
PROM U6 to be selected for punctuation 
characters (numeral conversion also lakes 
place in this PROM). PROM U6 output bits 
6 and 7 are Low and High respectively for a 
period character and are applied to the case 
shift detector latch U9A,B where pin 12 of 
U9A was Low for the previous character R. 
Bit 7 is High and so has no effect on the 
latch. Bit 6 is Low, causing U9A,B to change 
state, and pin 12 goes High. This Low to High 
transition is applied to input B1 of 1-shot 
U10A, generating a 6-microsecond wide 
FIGS shift gate at U10A pin 4. This gate 
performs three functions. It inhibits U8, 
causing U8 outputs to revert to the 3rd (high 
impedance) state, and because of the current 
sources through R21-R25, U8 output bits 
B1, 2, 4, 5 go High. Bit 3 goes Low because 
of the inverted (Low) output of U2C which 
is the second function of the FIGS shift 
gale. The 3rd function of this gate is to 
generate a "Case Shift Strobe” pulse by 
means of U3A,B and U2A. This strobe is 
delayed 2 microseconds by U3A, permitting 
the parallel data at U8 output (bits 1, 2,4, 5 
High and bit 3 Low = Baudot FIGS shift) to 
settle to a static condition before being 
entered into the FIFO by the strobe signal. 

So far, approximately six microseconds 
have elapsed since the ASCII data and strobe 
for the ASCII character "period" appeared 
at the input to the converter. At the end of 
the 6 microseconds, U8 is enabled, and U2C 
output returns to a high level. At this time 
the Baudot character for period (Bl, 2 = 
Low, B3, 4, 5 = High) is present at the 
output of U8. One microsecond later the 
delayed (7 microsecond) keyboard strobe 
from U1B appears at U2A pin 11 and now 
the Baudot period character is entered into 
the FIFO. Generation of a LETTERS shift 
character in U10B is similar to the foregoing 
except that U2C output remains High (U8 
outputs Bl through B5 are all High). 

Thus it is apparent that all normally 
converted characters are delayed by seven 
microseconds within the converter before 
being strobed into the FIFO. If a case shift 
character is required, it is generated and 
strobed into the FIFO during the seven 
microsecond delay interval. 

Ul 1, 12, 13 and U2D form the "Letters 
shift after Line Feed" circuit. UI1 and U12 


detect the presence of a Baudot Line Feed 
character at the output of U8. The output of 
U12 goes Low when the normal delayed 
strobe pulse from U1B appears at U11A. 
After a one microsecond delay through 
U13A, U13B generates a six microsecond 
pulse that is applied through U2D and U9C 
to start the generation of a Letters shift 
character as previously described. A non¬ 
printing character such as Letters shift, 
following a line feed, gives the machine time 
to return to the left margin before printing 
the next character. 

In Fig. 2, waveform 11 of the timing 
diagram is a composite of the various con¬ 
ditions at the converter output strobe line. 
The “Typed character strobe” (center pulse 
in the pulse train) will appear on the strobe 
line every time a character key is pressed on 
the keyboard. The case shift strobe and 
LSAL strobe are shown as dotted lines, 
indicating they will appear only under 
certain conditions. Depending on previous 
conditions, all three strobe pulses can appear 
in the sequence illustrated when the con¬ 
verter receives an ASCII LINE FEED 
character. 

Construction 

The timing components should be kept 
clear of the trigger inputs on the one-shot 
multivibrators. Five percent tolerance 
dipped mica capacitors and five percent 'A 
Watt resistors should be used in the one-shot 
timing circuits. Three ABC-1 converters have 
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Fig. 2. Timing diagram. 1 — Strobe in, U1A-1. 2 - Strobe delay, U1B-10. 3 . 
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been constructed and the timing was well 
within tolerance using off-the-shelf five 
percent components. 

Use of a printed circuit board makes 
construction much easier and decreases 
chances of wiring errors. Even so, the PC 
board has a high component density and 
traces are very close together. Great care 
should be exercised during assembly and 
soldering to prevent errors in component 
location, 1C orientation, and solder bridges. 
Sockets or molex pins are recommended for 
the ICs. 

PC Boards and PROMs 

EDI 4 has been authorized to make a PC 
board available for the ABC-1. This is a glass 
epoxy, double-sided, plated-through hole 
circuit board. It will fit a standard .156 
spring 18-position double-readout edge con¬ 
nector. Boards only, or complete parts kits 
including the three pre-programmed 
PROMs, are available. 

If you already have a UT-4, Fig. 3 shows 
the changes required to interface with the 
ABC-1. If desired, EDI has a modified UT-4 
PC board with these changes incorporated. 
Order "UT-4 IF” PCB/kit. This PCB fits the 
same type edge connector socket as the 
ABC-1. 

Troubleshooting 

Most comments on troubleshooting in the 


KBI-1 article apply to the ABC-1. The 
converter is a fairly complex circuit with 
critical timing parameters. If a scope is not 
available, it is mandatory that the associated 
UT-4 be operational in order to check 
converter operation. 

Strobe and data lines from the KBI-1 
outputs to the ABC-1 inputs and from the 
ABC-1 outputs to the UT-4 should be less 
than 20 inches in length. Transmission line 
techniques must be used for longer lines as 
described in the KBI-1 article. 

Logic levels at the seven data inputs to 
the ABC-1 must be stable at the time the 
keyboard strobe goes Low at U1A-1 and 
U7-14. As indicated in the timing diagram, 
the minimum width of the strobe pulse is 15 
microseconds. If your keyboard strobe is 
pulsed with a period, for example, of 5 
microseconds, then U14 of the KBI-1 must 
be used to stretch this 5 microsecond pulse 
to at least 15 microseconds. Another 
possible source of improper operation is 
errors or omissions in the switching and 
control circuitry (SI, S9) as shown in Fig. 3. 

To use the Repeat message function in 
the UT-4 during operation with the 
KBI-1/ABC-1, PRELOAD switch S5 is set to 
PRELOAD, KYBD switch S9 to IN and the 
message is typed into the UT-4 memory 
from the keyboard. KYBD switch 59 is then 
set to OUT and REPEAT switch S8 is set to 
REPEAT. Then PRELOAD switch S5 is set 



Fig. 3. Changes required to interface UT-4 to ABC-1. Notes: Dotted lines show existing circuits 
in UT-4. Solid lines indicate added circuitry to accommodate ABC-1. These additions change 
the UT-4 PCB to UT-4 IF PCB (IF = Interface). ASCII (Baudot switch SI is the same as SI in 
ABC-1 schematic. Keyboard In/Out switch S9 is added to UT-4 control switching. UT-4 IF has 
all the features of UT-4 except that Space switch 57 is deleted. UT-4 IF edge connector 
references are for the ED! printed circuit board. 



















to NORMAL and the message is contin¬ 
uously recirculated through the UT-4. 
REPEAT switch S8 also permits local copy 
on your printer during the repeat sequence 
when using the UT-4 IF circuit board. 
KYBD switch S9 must be returned to IN if 
you wish to continue using the keyboard 
after completing the repeated sequence. 
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N o, I’m not going mathematical on you. 

(At least I don’t think so_) Instead, 

I’m going to describe how to construct a 
device which is guaranteed to warm the 
heart of any red-blooded gadgeteer - a 
random music generator. This is a full- 
fledged construction article, so if you’re not 
interested in warming up your soldering iron 
(You say you don’t even own one? What are 
you doing in my audience?), you might as 
well skip this article and go read someone 
else’s. But if you like to sling circuits 
together, then this little number is definitely 
for you. 

Description 

The random music generator (henceforth 
called the RMG) consists of three basic 
components: the sequencer, the oscillator, 
and the waveshaper.* As you can see from 
the basic block diagram in Fig. 1, the 


sequencer provides control signals to the 
oscillator and the waveshaper, thus deter¬ 
mining the note played and the timbre for it. 

The sequencer is a special form of shift 
register circuit known as a Johnson Counter. 
It is used to produce (almost) random bit 
patterns. In the RMG, the sequencer is a 
12-bit shift register with an exclusive NOR 
gate acting as a feedback path. Depending on 
the exact connection of the feedback gate’s 
programmable input, the sequencer can 
produce patterns of from 18 to 3255 12-bit 
words. The sequencer is controlled by a 
clock circuit, a pulse generator which 
operates in the range of from 1 to 10 Hertz, 
approximately. 

The oscillator circuit is a voltage con¬ 
trolled square wave generator which will 
play one of eight musical notes (C, D, E, F, 
G, A, B, C), depending on the state of the 
seven note selector lines. The oscillator is 




The Sound of 


Random Numbers 


divided down in frequency, by a three stage 
ripple counter, to provide four octaves of 
range. Eight potentiometers (R1 through 
R8) are used to tune each note to pitch. 

The waveshaping circuits control the 
timbre (tonal quality) of the note played, 
and also the stereo effect. Four “voicings” 
are available. There was no attempt made to 
tailor these voicings to sound like traditional 
musical instruments, so the RMG has a 
definite "spaced-out" sound to it. 


Construction 

The electronics for the RMG (Fig. 2) is 
constructed in three subassemblies: the front 
panel subassembly (which contains the selec¬ 
tion switching and the controls), the power 
supply subassembly (which can be con¬ 
structed in the chassis itself), and a 2.5” x 
6" piece of tenth-inch-grid perfboard which 
contains all other circuitry. Wiring is point- 

61 


to-point, as impedances in the RMG are low 
and therefore stray coupling is not a factor. 

My prototype used a hole matrix switch 
consisting of 144 holes in a 6 inch square of 






Fig. 2. Schematic. phenolic. Each hole has two contacts in it, visual readout of the program set up. The 

which are shorted together when a con- main disadvantages are, first, that one must 

ductive programming pin is inserted. The be careful not to insert two or more pins in 

main advantage of this scheme is that the the same horizontal line in the matrix switch 

pattern of pins in the phenolic gives a quick (as this will short two or more shift register 



Closeup of the circuit board. The trimming potentiometers provide adjustment for the pitch of each 
for each channel. 


and the output level 









outputs together, and second, that the 
assembly of such a matrix switch requires 
that connections to 288 contacts be made in 
a very small area. One can achieve the same 
versatility by using twelve single-pole 
twelve-position rotary switches (at $2.00 
each!) with only 156 connections to be 
made, or by using two twelve terminal 
barrier strips and some jumper wires. The 
terminal strips can be mounted on the front 
panel, or (more esthetically) on the rear of 
the RMG, A reasonable compromise 
between versatility and cost can be realized 
by "hard-wiring" some choices in the selec¬ 
tion matrix and using rotary switches to 
select others, as was done in the version 
photographed. The mechanical layout of the 
front panel is, of course, determined by 
which selection scheme you choose. 

The power supply subassembly can be 
constructed on a terminal strip, with the 
exception of the LM-309K, which should be 
mounted on the chassis itself for heat 
sinking purposes. This is simplified by the 
fact that the "309” is so constructed as to 
make the device’s case a ground terminal 
thus no insulation is required when 
mounting it to the chassis. A half amp fuse is 
recommended for safety. 



Fig. 3. Power supply. Unless otherwise 
noted, resistors are A Watt and capacitors 
are W W V. 
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The audio outputs are terminated in jacks 
which match the cables of the hi-fi you 
intend to use with the RMG. My prototype 
used RCA phono jacks. The outputs are low 
impedance (approximately 1000 Ohms) high 
level (about 1 volt peak-to-peak), so use 
compatible hi-fi inputs for best results. 


Tuning the RMG should be done with 
care, as the “listenability” of the instrument 
suffers if it continuously plays sour notes. A 
pitch pipe or a musical instrument known to 
be in tune may be used as a reference. Unless 
you have a frequency counter which reads to 
.01 Hz (a rare bird indeed!), you must use a 
zero-beat tuning method. A counter which 
reads to 1 Hz is not accurate enough for 
tuning. To tune the instrument, hold the 
reset button in and program one note at a 
time to any shift register output. Start with 
the highest note (C above middle C) and 
descend the musical scale, adjusting R1 
through R8 for zero beat with the reference 
instrument. 

Table 1 gives the frequencies of the eight 
musical notes. You may tune to scientific or 
concert pitch, as you please. 

Programming 

Programming the RMG is mostly a matter 
of taste. However, a couple of points can be 
made. First, very short sequences tend to 
become monotonous very quickly, but very 
long sequences can become so involved with 
permutations as to be hard to follow. 
Second, if you wish to listen to a sequence, 
pick a long one; if you play an instrument 
and wish to improvise around a sequence 
that the RMG plays, pick a short one. 

Table 2 indicates the number of 12-bit 
“words" produced by the RMG for each 
sequence it is possible to program. 2 ■ 


Back panel and bottom of the RMG. Note the LM-309K mounted on the 
underside. The phono jacks on the back are the outputs. 


by D. A. 






You 


What Do 
Want To Count? 


by 

Jim Huffman WA7SCB 
PO Box 357 
Provo UT 84601 

T his is a digital world we live in today. “meter-less” VU meters. Ham equipment is 

Digital readouts are flashing on every- going digital, too. Readouts are more 

thing from FM tuners and wristwatches to accurate, readings are easier to interpret, and 



AH the 3 DCU parts mount on one circuit board. 


bent pointers, non-linear dials, and other 
mechanical problems are eliminated. New, 
nearly burnout-proof LED readouts with no 
parallax and ±1 digit accuracy are becoming 
available at a price that is allowing more and 
more workbenches to be fitted up with 
flashing lights where once stood taught- 

band, multi-scale meters. Since all this digital 
equipment is obviously here to stay, this 
article gives you the basics, so you can 
understand how that new DVM or digital 
wristwatch works. And, if you already have 
the savvy on the digital scene, you’ll be 
interested in the 3 DCU. It's three digits of 
Decimal Grunting Unit. It makes a great 
counter display, DVM display, etc. And you 
get three digits for what you would expect 
to pay for only two digits — less than 
$18.00! 

Digital devices are simple, and most 
operate on the same very simple principles. 
Digits are counts, and there are any number 
of counting systems. The most familiar 
system is based on counting with the ten 
fingers ("digit” is derived from the Latin 
word for finger). Since there are ten fingers 
the system is called decimal (deci = 10). You 
could use base 20 (fingers and toes) or 
anything between. Of course, if you use 
decimal numbers to represent the figures in 
another system you will have to use some 
additional symbols, because there are only 
ten numbers. The hexadecimal system (base 
16) uses letters and numbers. A hexadecimal 
count goes 0, 1, 2, 3 and so on to 9. For 10 
and higher you substitute ABCs, like this: 7, 
8, 9, A, B, C, D, E, F. Therefore, a 
hexadecimal C is the same as a decimal 12. 
Because of the vast number of digital 
systems, there had to be a place to start in 
electronic digital equipment and that was 

two. Simply “on” and "off.” The binary 
system is a “base two” counting system (bi 
for 2). While being able to make only a 
maximum count of two might seem like a 
shortcoming, it is no problem for an elec¬ 
tronic circuit to switch on and off a million 
times a second. That’s pretty fast counting! 

Okay, so we use binary, count some 
pulses, then show ’em to the operator. The 
problem is, it’s tricky for a mere human to 
see those digits flash past a million times per 
second. The logical answer: Store the count. 
This is where the binary counter comes into 
action. We feed it a group of microsecond 
pulses and then take some time to look at 
how many pulses were there. The binary 
counter operates on both the principle of 
frequency division and storage. 

The basic circuit that makes up a counter 
is the flip flop. A flip flop does just that. 
First it flips, then it flops. With a little pulse 
steering it "Hips” on a negative pulse in, 
then "flops” on the next negative pulse. A 



1/2 CYCLE 

Fig. 1. Flip flops divide frequency. 


square wave input has a negative transition 
every cycle (Fig. 1). It takes two of these 
negative transitions, or two cycles, to get a 
flip flop back to the way it started. Thus, 
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frequency of your rig. 

the flip flop divides the input frequency by stage yields divide by eight. The number of 

two. If the output of that flip flop is divided stages is the same as the power of 2. For 

by two by another flip flop, we have a instance, the 3-stage counter yields 2 3 or 

simple divide-by-four counter. One more divide by 8. A 2-stage counter (2 J ) gives a 

four count. It is also possible to make the 
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counter short itself by a count to allow 
counting to any base. 

Fig. 2 shows one way to modify the 
count. The four stage counter would nor¬ 
mally divide by 16 (2 4 = 16). Notice that at 
time to the output of the counter is reset by 
the combination of outputs from the stages. 
The counter will count from t() to tg, then 
reset and start all over at iq. This gives divide 
by ten action. In fact, this counter is called 
bi-quinary, since the first stage divides by 
two, and the last three stages divide by five. 





This is the same basic logic used in the 
popular 7490 divide by ten 1C. The output 
of the counter is not only divided by ten but 
is BCD. BCD means "Binary Coded 
Decimal." 

That's where the storage capability of the 
flip flop enters the picture. A lone negative 
pulse in will flip it (or flop it, if it were 
already flipped). If no other pulses come 
along, the flip flops will remain the same and 
the number of pulses will be stored in a 
counter. In fact, because of the BCD action, 
a seven pulse in would give an output from 
the four stages of 0111 (binary for decimal 
7). If the counter is reset and we let in say, 
thirteen pulses, the stages will flip flop along 
until they count to ten and then start over 
again. The three remaining pulses would 
cause the counter to sit at 0011 (BCD for 3). 
What happened to the 1 in front of the 3? 
Simple: It spilled over to the next decade 
counter if there was one. So, the first 
counter counts units, and the next one 
counts tens. With 27 pulses, two decade 
counters would store 7 (units) and 2 (tens). 
So putting the first decade on the right and 
the second on the left would give 2 7 or 

27. With readouts connected to our 
counters, we would be able to read our 
numbers just like the numbers on a written 
page, just hook up a light bulb to the stages 
in each decade for an instant readout. 

Of course the readout would be BCD. For 
27 that would be 0010 and 0111. That’s not 
too hard to read, if you remember in binary 
you have only a two digit base 0 and 1. 
And think of the action of the decade 
counter. The counter on the right counts 
digits and the one on the left, tens. Well, in 
the BCD system the digit on the right counts 
units just like in the decade counters. 
Remember that there are only two counts, 
not ten, so the next digit to the left counts 
twos. The next one can count up to two 
twos (that’s four). The last digit is eights. So 
the BCD 0110 is (from the right) no units, 
one two, one four, and no eights. Add them 
up. That's four plus two, or six, so 0110 
BCD is 6 decimal. Now it is easy to read the 
lights and tell what is in the decade counters. 

With all the miracles of electronics, it's 
pretty easy to build something that lights up 
to ten lights with little 0 through 9’s 
stenciled on. You just look and see a display 
in decimal as shown in Fig. 3. Decoding the 
BCD and converting to decimal to light up 
the digits is accomplished by using a decoder 
made up of a system of gates. 

Just as flip flops store and divide, gates 
decode and control. There are two basic gate 
functions and all others are variations of 
these functions. The two basic functions are 
AND and OR. The AND gate has to have its 
inputs applied together to have an output 
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Fig. 4. Logic symbols with truth tables for OR and AND. 
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Fig. 5. Divide by six counter. *Because of the "glitch" at FF2 and fast 
switching times of some flip flops, you may get FF3 flipping again. You may 
suppress the glitch or divide by a non-reset flip flop at the end of the counter. 
One of these, followed by a decade (+10), gives a one second output from the 
60 cycle ac line. 
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Fig. 6. Basic counter block diagram. Frequency readout in Hertz. 
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Fig. 7. Basic slope integrating DVM, showing some relationships between the slope wave forms and the timing pulses. 
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(an “output” and "input” are considered a 
logic 1, or positive voltage). The OR gate 
takes one input "or" another "or” any other 
to get an output. An inverter (common 
emitter amp) following either of these gates 
inverts it and you get NOT AND or NAND 
and NOT OR or NOR. That means a one 
AND a one give a aero and a one OR a one 
give a aero. It's upside down logic but it 
comes in handy. To abbreviate the circuit 
you use the logic symbols shown in Fig. 4. 

Now let’s take a three stage (divide by 
eight counter) and do some fancy counting. 
To divide by six we need a count of 101 
(binary equivalent of five) maximum - then 
when the count hits 110, six, we want to 
reset the counter to aero. So, simply use a 
two input NAND gate (it takes a aero to 
reset our counter stages). You end up with 
Fig. 5. That’s a good beginning for a clock. 


Just divide by six, then divide by ten for one 
second outputs from the 60 Ha ac line. Just 
hook up the decade displays and you can 
count the seconds. If you modify the decade 
displays so the second one from the right 
counts to six and then resets, and the fourth 
one from the right does the same, you will 
count up to 60 seconds and spill over the 
next two digits to the next counter pair (in 
which the far left digit only counts to 2). At 
11 hours 59 minutes and 59 seconds, your 
clock reads noon (or midnight) and one 
second later all the counters go to 00:00:00. 
You can eliminate the seconds readouts in a 
practical clock, but you have to keep the 
divide by ten and divide by six counters to 
feed the minutes counter. 

The digital clock is obviously pretty 
simple. How about a counter? That’s some¬ 
what more complicated, but only because of 



Fig. 8. jumpers and 1C alignment diagram. 








Fig. 9. Foil side, PC board (full size). 


the gating. This time we will consider the 
gate controlling function as well as its 
decoding function. Fig. 6 shows very simply 


how a counter works. For one second the 
gate is "open'' or enabled, and the decade 
counter stages divide away. At the end of 
that second the gate gets closed and the 
decade counter stages sit and hold whatever 
count came in. If the input was, say, 7174 
Hz, those are the numbers that will show up 
on the display because in one second there 
were seven thousand one hundred and 
seventy-four negative transitions counted. 
Obviously, the accuracy of the one second 
gating signal is important; that’s why you are 
likely to use a I MHz crystal oscillator, 
divided by a million (6 decades), so any 
errors are divided by a million, too. You 
must also reset all the display counters just 
before you start counting. Otherwise, the 
first time the counter will show 7174 Hz and 
the next time 7174 more, so the display will 
show 14348 Hz (unless you run out of 
digits). You can see, too, that the gating 
signal could be 10 Hz; now you can count to 
a tenth of a cycle for super accuracy. The 
gating signal can be faster than one second, 
too. A 1 ms signal will display kHz. Selecting 
the length of timing signal (and where to put 
the decimal) depends on how many readouts 
you have and the maximum operating speed 
of the gates and counters. A basic counter 
contains a timing circuit, gating circuit, 
gating, and displays. 

How do you get a DVM? There are a 
couple of methods. One is simply controlling 
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Fig. 10. Schematic diagram with modifications for dock and counter applications . Note: Link all pin 3s on 7447s and ground, 
for blanking readouts during count in counter if desired. 



















Fig. 11. Connecting a 3 DCU for a nearly 30 MHz 3-digit counter that can 
read out a transmitted frequency to 100 Hz. Adding the other DCU makes a 
6-digit counter that will indicate to 200 MHz with a preselector. 


the frequency of an oscillator with a voltage 
- a VCO. The better method, one you've 
probably heard of, is the slope integration 
method. You merely control the output of a 
constant current generator with the input 
voltage. The constant current generator 
feeds a relatively large capacitor. The 
capacitor either charges in a hurry (large 
input voltage) or trickles (low input voltage). 
The charging of the capacitor generates a 
ramp voltage. The ramp turns on a gate and 
the gate stays open as long as the capacitor 
charges. While the gate is open, a timing 
signal puts pulses through it and the decade 
counters count and display the pulses. Fig. 7 
shows the basic circuit and wave forms for a 
“slope integrating" DVM. 

Well, by now you’re probably ready to 
try your luck at some digital beauty. You 
may not be too excited about the ten light 
bulbs for a readout, so just use the popular 
seven bar types. The seven bars are decoded 
to shape the forms of numbers 0 through 9. 
A decoder is available for them and even 
contains drivers for the LEDs in the 7 
segment readout. The decoder is appro¬ 
priately called a BCD to 7 segment decoder/ 
driver. 

The 3 DCU project uses 7 segment 
readouts and 1C decade counters for com¬ 
pactness. The entire three digits fit on a 2” x 
4” PC board. A single sided board was used 
to allow versatility. You will have to run a 
few jumpers (or use the diagram showing the 
jumpers for the standard DCU to lay out a 
pattern for the other side of your board, if 
you don't want a special application). You 
can etch your own cards or buy one already 
etched and drilled. In fact, you can get a 
complete kit of parts from TWS Labs, PO 
Box 357, Provo UT 84601. 

Begin construction by putting in the 
jumpers as shown in Fig. 8. Step-by-step 
assembly instructions are given in Table 1 
for a foolproof assembly. Fig. 9 shows the 
PC layout (foil side). Fig. 10 is the schematic. 

After assembling your 3 DCU, check out 
operation by connecting +5 and ground. 
Run a ground to RST, and then touch a 
ground on and off the input terminal of the 
card. The digits should flash away. If you 
could actually touch only once, you would 
be able to count the times you touch the 
ground. The decades will count up to 30 
MFIz and, though you may think you touch 
only once, chances are you will touch the 
ground many times and the decades will tick 
away. As long as they count pulses, you will 
know the 3 DCU is working. Test reset by 
removing its ground - the 3 digits should go 
to zero. 

Applications 

The applications for 3 DCUs are nearly 
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unlimited: For example, they will work to 
200 MHz with a preselector. A pair of 3 
DCUs side by side gives a 6-digit counter. An 
FET, UJT, and time base, along with a 3 
DCU, will make a great DVM. 

Counter 

Currently, there is a timebase and power 
supply kit available from TWS Labs that 
makes a great counter for ham rigs when 
used with a 3 DCU. Fig. 11 shows how to 
hook up the timebase. With two 3 DCUs and 
the timebase, you can have a 6-digit 20 MHz 
counter. 

Timer 

Obviously, 3 digits are perfect for a 10 
minute timer for ID purposes. You modify 
the middle digit to divide by six instead of 
ten (see Fig. 10). Now merely feed the DCU 
with one second pulses. This can be -H5 and 
-HO the ac line or -f- million a 1 MHz crystal. 
Just use an n/c push-button switch to keep 
the reset line grounded. Thus, when you 
want to reset the clock to 0:00, you just 
momentarily depress the switch. As soon as 
you let up, you remove the reset and the 3 
DCU starts ticking off the seconds again. 
Fig. 12 shows a 10 minute ID timer set up 
using 3 DCU. A kit to make a 10 minute 
timer with power supply and warning lamp 
is also available from TWS Labs. All you add 
is a 3 DCU. 

Clock 

Add one more 3 DCU (modified for 6 
count as mentioned before) to the 10 
minute timer circuit, and you have a digital 
clock. Fig. 13 should give you some ideas on 
how to hook it up for 12 or 24 hour 
operation. For a clock you must have a way 
to set the time, so a fast advance and a hold 
position are used. You merely advance the 
clock slightly past the desired time and then 
hold the count until WWV beeps, or what¬ 
ever; when you let up, the clock starts 
ticking away the seconds. A clock addition is 
also available from TWS Labs. 

DVM 

This one will take a little experimenting 
on your part because the only kit available is 
for converting a frequency counter to a 
DVM. If you are using the timebase kit with 
your 3 DCU, it may work. It is available for 
$9.50 from R. S. Stein, 1849 Middleton 
Ave., Los Altos CA 94022. (Note that this is 
a PC board for the DVM only.) If you want 
to experiment, you might try Fig. 14 for 
ideas. If you allow your 3 DCU to trigger an 
external flip flop and drive an LED, you will 
have the makings of a 3/i digit DVM. Once 



Fig. 12. Hook up 3 DCU as a 10 minute ID reminder. Warning lamp goes on 
at 9 min 50 sec, for 10 seconds. Note: D1 = pin 8 U1; D2 = pin 9 U1; D3 = 
pin 1 U3; D4 = pin 11 U3. U2 modified to 6 (see Fig. 9). 



Fig. 13. 12 and 24 hour 6-digit docks using 3 DCUs and simple fast advance 
and hold switching. Note: For 12 hour dock, D1 cathode = pin 1 U3; D2 
cathode = pin 8 U2; D3 cathode = pin 1 U2. For 24 hour dock, D1 cathode = 
pin 8 U3; D2 cathode = pin 9 U2; D3 not used. 



Fig. 14. Here is a place to start. For a simple DVM, the FET current charges 
the capacitor in the UJT relaxation oscillator. Then gating allows the 1 sec 
dock to enable gate U1. Then, depending on the frequency of the UJT, 
pulses will pass through gate Ui and be counted in the 3 DCU. Make it so 1 
volt equals 100 pulses into the DCU. 
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will be easy to measure current (voltage 
dropped across a standard resistor), Ohms R1,2, 
(standard current through the unknown U1,2, 
resistor), ac (using a rectifier system), etc. 

Well, I’m sure you found one or many 
ideal projects for your ham shack using a 3 
DCU or two. I have several units around the p C b , 
shack and they are all as handy as can be. 
Although we've only scratched the surface, "Kit 
some of you will probably add preselectors 
to your counters for 200 MHz operation. 

Use 3 DCUs for counting dial pulses — only 
you and your imagination know for sure. 

For whatever the use, you’ll enjoy entering 
the fascinating world of blinking digits. ■ L__ 
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RTTY Autocall - 

the Digital Way 

by 

L. W. Sanders VE6BV 
2404 37 St. S.W. 

Calgary 

Alberta T3A A39 

A s earlier versions of a character 
recognition device were called 
"Selcal,” it would only follow that newer 
versions would be called “New Selcal." 

However, I will stand on the name character 
recognition device, for that is the only 
correct way to describe the following unit. 

Most previous Selcals had long and 
detailed methods to decode one character at 
a time, then another character, and so on, by 
means of gates, inverters and such. This unit 
decodes all letters of the alphabet as well as 
all machine commands, by means of its 
inherent design. All that is required to 
change a decode structure is to move 4 
wires. Decode can be changed in less than 3 
minutes and without paper, pencil, or 
decode charts, etc. 

Again, earlier Selcals used transistors, 
diodes, KCs and many resistors and 


condensers. This unit uses ICs, 4 resistors, 2 
condensers, and 1 diode. Size again was 
something else. Some boards that I have seen 
were 12” x 12” = 144 sq. inches, others, 8" 
x 8” = 64 sq. inches. The newest CRD (3” x 
7” = 21 sq. inches), is fitted with a 12 pin 
edge connector and will fit inside a Hal ST6 
teletype demodulator nicely. 

This new CRD includes (as do the Selcal 
units) such features as the NNNN shut 
down, force on/off, and four character 
decode. 

A second feature has been added, with 
which I will now blow some minds. 

For most amateurs the acquisition of a 
model 28 teletype unit and its stunt box is 
just a dream, but take heart, for with the 
STUNT BOX CRD unit, the lowly model 12, 
14, 15 or 19 can now have the stunt box 
features of the 28; 




Mother board, top view. 





Fig. I. Complete circuit diagram along with a timing chart. 


The model 15 that I own is just about as 
loaded as I could make it, but I still needed 
more functions, for station accessories such 
as keyboard-operated perforated turn on/off 
and T.D. turn on/off transmitter control. 

When a 100 wpm machine becomes 
available, I will use an electronic speed 
converter and the CRD to allow incoming 
signals to change speeds for me. 

Also in this area, hams may have the 
opportunity this winter to access a 
minicomputer via a 2 meter transmitter to a 
terminal station, then again via RTTY to the 
computer, thus needing auto transmit, shut 
down and ID on the terminal station. The 
CRD stunt box will do it for us. 'Nuff said. 

All this, remember, is in a 3” x 2" x 7” 
cube still inside an ST6 cabinet. 

As an active autostart frequency exists in 
the western area of Canada and the 
northwestern United States, and there is a 
lot of traveling in my work, I would find, 
upon returning home, a large amount of 
paper to be inspected and possible queries to 
be answered. 

A selective calling device had to be 
installed. After looking at many different 
designs I made an attempt to build one. A 
RTTY Selcal with TTL logic only met with 
dissatisfaction and an unstable decode 
system. After approaching Cal W9ZTK, he 
suggested a new approach to the decode 
trouble; a CRD with TTL logic was begun. 
This unit further reduces the number of 
integrated circuits required, plus it appears 


to have several most desirable features as 
well. 

As to the ease of changing decode 
structure, having just received a new station 
call, I timed myself. It required 3 minutes to 
set up a total new decode structure. 

In the photos a hand wired board is 
shown as well as a finished mother board. 
The hand wired unit was made up to test a 
stacked board concept and still only have 
one edge connector. It worked, and this 
opens up a new idea. How about a stunt box 
as well as a CRD? Herein lies an article. 

A complete circuit diagram along with a 
timing chart is given in Fig. 1. When going 
through the theory of operation, check Fig. 
1 or the individual circuit drawings, which 
will assist in understanding the operation of 
this unit. Some logic levels are given, in 
particular, on the shift register, character 
recogni/ing drawing. 

The following approach to a selective 
calling device is unique. First, all 32 
keyboard signals can be detected and used in 
the decode sequence. There is no need for 
charts, truth tables or what have you. One 
wire from a character output to decode 
input is all there is needed. 

Liberal use of TTL logic circuits has all 
but eliminated any chance of the unit not 
operating, as well as keeping the cost down. 
In fact, there are only four resistors, two 
condensers, and one zener diode on the 
board; of these, two resistors and the zener 
are interface components. 

The CRD is usable as a selective calling 
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y SAME AS ABOVE COMING INTO 
>0 BOARD EDGE CONNECTOR 


Fig. 2. Stunt box board. 

device as well as a local stunt box at the input level. Output of the inverter is fed to a 

same time. This itself is new. In fact, the 5 bit shift register, as well as a control flip 

whole thing is new. flop. 

Theory of Operation Control Flip Flop 

The incoming TTY signal (data) is the This half of the flip flop controls the start 

standard FSK line. This line is going from 12 or stop of a stable clock. As the space data 

volts minus (mark) to 12 volts plus (space). comes in, it is inverted in U1 a putting a low 

This voltage is applied to a voltage divider on pin 2 (set) which causes pin 15 to go high 

The CRD is usable as a comprised of a 1.5k and a 470 Ohm resistor. where it will stay until a clear pulse comes 

selective calling device as A 5 volt zener diode is placed in shunt with along, to change the state of the flip flop, 

well as a local stunt box at the 470 Ohm resistor. This limits any input The high on Q pin 15 is fed to the enable pin 

the same time ... signal that is greater then the proper TTL of a monostable multivibrator or clock. 



Fig. 3. Station interface. 






Fig. 4. 74154 truth table. 


Clock 

This clock is very stable; temperature and 
supply voltage changes appear to have little 
effect on its frequency. As the control signal 
is applied to the Schmitt trigger input (pin 
5) pulse, triggering occurs at a certain level 
of rising voltage on this pin. When the 
monostablc fires, the output pulse width is 
independent of the input pulse signal. The 
output pulse width is controlled only by 
external timing components, in this case the 
25k variable resistor and the 1 uF condenser. 
The output pulse from U2 (pin 6) is fed to 
U3 (pins 3 and 4). As the Schmitt trigger 
input is tied to Vcc the second monostable is 
fired as soon as it gets a negative going pulse 
from U2 (pin 6); here again output pulse 
width is independent of input pulse width, 
being again controlled by the 25k variable 
resistor and the 1 uF condenser. The output 
pulse of U3 (pin 6) is fed back to pins 3 and 
4 of U2. Hence a train of pulses are 
generated 3hd will run on forever or until U2 
(pin 5) enable is taken to ground or low. 
Notice: There are two timing pots on this 
clock. One pot sets the pulse width or time 
on and the other sets the pulse repetition 
rate or off time. The clock signal is 5.5 ms 
on and 5.5 ms off for 60 wpm. The output 
clock signal is fed to a divide by 16 counter, 
a divide by two, as well as a gate. 


Divide by 16 Counter 

When the control flip flop 114 starts the 
clock, Q pin 15 is high; therefore, pin 14 is 
low. This signal is applied to pins 2 and 3 of 
the divide by 16. This enables (pin 1, U2) 
allowing the clock pulses coming in to be 
counted. When the count twelve is reached, 
gate U5a changes to a low which is inverted 
by Ulb and applied to one input of NAND 
gate U6a. As the other input to NAND gate 
U6a is coming high at this time, a negative 
going pulse is formed. This pulse is used to 
clock the character store. As the clock U2 


(pin 1) is still running, at this point U7 
continues to count. At clock pulse 14, gate 
U5b detects all highs at its input, which 
makes pin 6, U5b low (which in turn is fed 
back to pin 3 of U4), This low makes U4 
change state; pin 15 of 114 goes low - 
stopping the clock. U4 (pin 14) then goes 
high, resetting the divide by 16 counter to 


TT Clock 

While the clock pulses (U2, pin I) are 
going to the divide by 16 U7 and U6a, it is 
also being fed to U4b, pin 6; here it is 
divided by 2 and the (pin 10) U4b not Q 
output is now 11 ms wide. This signal is used 
to clock data into the shift register U8, pin 
1. When a TTY signal is received, inverter 
UI a sends a signal to U8, pin 9, where it sits 
until a clock pulse comes to shift it into the 
first register. It sits there, waiting as well as 
the new information on pin 9, which is also 
waiting to be clocked into the first register, 
with the information in the first, moving on 
to the second. This action continues until'all 
seven bits of data are entered into the 
register. But I do not need all the seven bits; 
just the middle five contain printing 
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Fig. 5. One shot dock. 


information, so at the time the first bit is 
shifted out of the register, the five needed 
bits of printing information are in the 
register. At this time the outputs are 
inspected and information contained in the 
register is passed to a four line to sixteen line 
decoder. By the way, the inspection takes 
place on the last part of count 12. (See TTL 
clock timing chart.) 

Character Inspection and Decode 

At count 12 gate U5a goes low, inverter 
Ulb is high. This signal is fed to U6b input 
one as well as U6c. The output of U8 
contains printing information in its 5 
registers at this time, using only the four 
outputs to address a four line to sixteen line 
decode 74154. As this chip is addressed in 
binary, I can say that the output of U8 is a 
binary word msb (most significant bit) 
01101 Isb (least significant bit). Forget for 
just a short time the msb 0. Let’s look at 
1101; this is binary number 13. When I 
check the truth table for a 74154 chip, I 
find a low on output 13 with all other, 
outputs remaining high. If binary number 
0001 were addressed to this chip, what 
output would be low? Correct, it is output 


A IN B IN C IN D IN 



CHARACTER STORE CLOCK 


Fig. 6. 
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one. Now you can see how by taking a 4 bit 
binary signal and applying it to a four line to 
sixteen line decoder I will get only one low 
output for any binary number, input from 1 
to 16. Serial baudot information is five bits 
long, so now take the 0 that I set aside a few 
moments ago and feed that 0 to a gate U6b 
and an inverter Uld, which in turn feeds 
second input U6c. A high and a low on U6b 
inputs will not allow U6b’s output to go 
low; thus U9 pins 18 and 19 are inhibited, 
and all outputs from U9 will be high. But a 
low on inverter Uld gives a high out to U6c. 
A high on second input of U6c gives a low at 
its output, which enables U10, allowing 
output 13 to go low, where all other output 
pins remain high. Hence, I have decoded one 
out of thirty-two possible TTY 
combinations. One note U9 decodes all 
characters with the 5th TTY bit a mark, and 
U10 decodes ones with the 5th bit a space. 
The job is just about done now. 

Sequence Character Recognition 

As I decode only one combination of 
TTY binary at a time, I must store them so 
that a series of characters allows a turn on or 
turn off. This is done by feeding a selected 
character into a type D flip flop. If 
information is fed into the D input of the 
chip, it is passed on to the Q output at the 
time of the clock pulse; Q will stay in this 
state until the next clock pulse. 

The Q output is now low (pin 5, U11 a). 
When we place a second input low on U13a 
(taken from selected 74154 output), the 
output of U13a remains low. This low is fed 
to the D input pin 12, U11 b. At the next 
clock pulse this low is transferred over to the 
Q output of this chip, and so on until the 
four selected inputs or turn on has been 
received. If a wrong character is received, the 
whole chain must be started again. For A in, 
B in, C in and D in must go low, each in turn 
for the correct turn on to be made. When 
the fourth character has been received, 
output pin 6, U13 goes low which sets U12b 
and makes Q pin 5 high. This high is fed to 
an open collector inverter which in turn goes 
to ground pulling in the motor control relay. 

NNNN Shut Down 

Because the N signal is low when selected 
from 5th bit space 74154, an inverter is used 
to get correct sense on data input to another 
5 bit shift register U15. When four Ns are 
received in order, the output of the shift 
register is high. When fed to a four input 
NAND gate, output goes low (U16a). This 
signal is sent to the clear input of the relay 
control flip flop U12b making its Q output 
go low and the open collector inverter’s 
output high, turning off the relay. A second 
four input gate U16b is set up to give an 





output on NNN; this second shut down is 
used for a stunt box control. 

Stunt Box 

I have used a new approach even here. 
The stunt box version is really just a second 
printed circuit board that is tacked on top of 
the CRD. On the stunt box board there are 
three new and separate character store flip 
flops. Each “channel 1 ’ can be programmed 
completely apart from the others; hence 
decoded TAPE can turn on a tape 
perforator, CW ID could start an auto ID 
unit, etc. With any of the stunt box controls 
NNN shuts down all stunt relays but will 
leave the printer still going. 

Power Supply 

Power supply requirements are very low 
— 5 volts at about 500 mA regulated and 24 
volts unregulated are just about all that need 
be said. An LM309 5 volt regulator is a good 
bet for the 5 volt line. 

Station Integration 

Operation and interfacing into a modern 
or not so modern RTTY station is best 
described as easy. Fig. 3 is a suggested 
hookup. The most desirable results will be 
found in the stations using one of Hoffs 
demodulators, ST6 TTL, TTL/2. These 
demodulators have an auto print section in 
them that turns on before the Selcal will 
receive any TTY data in. This makes for 
greater immunity to unwanted turn ons. One 



MARK 5th OUT LOW SPACE 


Fig. 7. Regenerative repeater. 

feature not talked about too much is signal 
regeneration. This is something that all 
amateur operators should make full use of, 
as our keyboards are often somewhat less 
than perfect. Signal regeneration is built into 
the CRD; by bringing a lead out from pin 
15, U8, a correctly timed signal is available 
for transmission. As information is shifted 
through the shift register U8 by a local clock 
which is running at a pulse repetition rate of 
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22 ms, a bias-free signal is present at this pin. 
The station hookup shows how to use this 
regenerated output to the best advantage. 

Uses 

This CRD could be teamed with a simple 
phase locked loop demodulator for a real 
good 2 meter repeater control system. First 
thing that crosses my mind is to turn heat on 
in the winter and off in the summer. You 
think of a few more. 

Conclusion 

Printed circuit boards and board layouts 



are available from the author for those who 
might need them. 

The printed circuit boards that I have are 
about 3'A” x 7”. This is the mother board; it 
has an edge connector on it for a 12 pin 
connector. 

The stunt box board is just a bit smaller; 
its size is 3” x 6”, and it fits nicely into an 
ST6 (Hal type); you just might remove the 
wide shift boards and place the CRD in 
there. 

One thing that just might happen is, your 
call may contain two identical letters, e.g., 
6AII. Normally you would decode letters A, 
I, I; however, you would find that your CRD 
would trip on the first I. This could be fixed 
by moving decode to Y or 6 letters A, I. This 
would give you a four character decode once 
again, but if others in your area have calls Y 
or 6, letters A, I (A through Z), your 
machine would trip off when that 
combination came along (most unwanted). 
So a change in clock signals is needed. One 
way, as yet untried, is shown in Fig. 6. 

This circuit will clock the 7474 flip flops 
in sequence and should eliminate the 
problem of a turn on with I, I. 

I would like at this time to thank Cal 
W9ZTK for an idea and the rest of the 
fellows that are on the WestCan Autostart 
frequency of 3632.50 MHz. ■ 
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NO MORE TIME OUTS! 

The RT-1 R,F. actuated timer puts an end to timed out repeaters forever. 


IMO— Connections to your rig. (CARRIER 
TRIGGERED) 

NO— Clocks to watch. 

NO— Switches to throw. 

The RT-1 leaves you free to concentrate on 
your driving and your QSO. Just preset the 
timer to any time from 0-3 minutes and forget 


Range: 0-3 Minutes in 5 sec. steps. 
Voltage: 12-16 Volts DC. 

Accuracy: ±3% from +10 to +120 Degrees F. 

WRITE FOR LITERATURE 



it. Every time you transmit, your carrier 
triggers the unit which times until the preset 
value is reached then gives an audible tone. If 
your carrier is dropped before the end of the 
timing interval, the timer resets instantly and is 
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Believe Me- 
!’m No Expert! 


by 

Wayne Green W2NSD/1 
Peterborough NH 03458 


Just in case any 73 
readers are laboring under the 
impression that I know a 
whole lot about computers, 
minicomputers, or even 
microcomputers, let me put 
that delusion to rest. I know 
more about Arabian horses 
than I do microprocessors 
(uPs), and I am not a known 
expert on Arabians. 

Before writing about 
microprocessors I wanted to 
clear the air and make sure 
that in this field, at least for 
the time being, I am a 
reporter, not an expert. Hell, 
I'm not even an advanced 
amateur yet, but give me time 
... I'll get there. 

After talking with the 
Sphere, MITS and Southwest 
Tech people during a hurried 
excursion out west, I got the 
distinct impression that, from 
the viewpoint of the user, the 
differences between the 
various microprocessors are 
mostly academic and that 
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1 Sphere 6800 system. 


from an application view one 
will do pretty much what 
another will. Thus, whether 
you settle on a 6800 system, 
an 8080 system, a PACE, or 
whatever, most of your 
computer time will be spent 
waiting for the operator, not 
for the machinery. 

Until my visit to the 
manufacturers, I hadn’t 
realized how very early we 
really are in the history of 
personal computers ... and 
particularly in microcom¬ 
puters. Sphere had, in early 
August, one breadboard 
system running - but still 
with some glitches to be 
worked out. They had some 
program material worked out 
which they would then adapt 
to their system, eventually to 
be available in a IK PROM. 

MITS had their 8800 up 
and running, but the floppy 
disk system was still in 
development, and I gathered 
that the only bulk storage in 
use at the time was from 
cassette tape. Any computer 
system for business or for 
much game playing will need 
at least a floppy disk system. 

Southwest Tech had a 
breadboard system going too, 
perhaps just a little bit 
further along than Sphere. I 
suspect that these systems 
have had a lot of help from 
Motorola. 

The Sphere group is 
working diligently on many 
areas of development, with 
most of the work being done 
by a couple of the fellows. 
They were setting up their 


production facility, getting 
the glitches out of the 
prototype, getting the loader 
PROM ready, working on 
another PROM for BASIC, 
getting started on a floppy 
disk system complete with an 
assembler, editor and 
operating system called 
FDOS. 

They also were working on 
a system which they claimed 
would be faster than a 
floppy, a quarter inch tape 
using eight tracks at 1600 bpi 
in a self-loading cartridge. 
One tape would have as much 
memory as 120 disks ... 
about 30 megabytes ... and 
the system would hopefully 
cost around $3000 including 
the controller and software. 
Next they had in mind a jig 
which would automate the 
plugging in of the cartridges. 
A set of five in one system 
would then permit 1500 
megabytes of storage! That’s 



Mike Wise, President of Sphere, 
showing the complete micro¬ 
processor system. 

1.5 gigabytes (pronounced 
jigabytes). This would run 
under $7000 for the basic 
system. It’s exciting to think 
about. The maximum access 
time for a cartridge would be 
20 seconds, which would put 
the average time at 10 
seconds for random access. 

Mike Wise at Sphere put 
me onto a firm that makes 
cassette drives which are ideal 
for computer use . .. solenoid 
controlled . .. and at a very 
reasonable price. A small 
system using a couple of 
these could be set up to run 
mailing lists and other 
indexed data. This would be 
great for the hobbyist who 
wants to make a little money 
on the side keeping small 
mailing lists . . . club 
membership records, etc. Or 



it would be fine for the 
hobbyist who would like to 
get into business in a small 
way selling relatively 
inexpensive computer 
systems for small businesses. I 
have a feeling that we will see 
a lot of program development 
for systems like this when the 
hardware is available. 

I suspect that the whole 
field of programming is going 
to change significantly with 
the introduction of relatively 
low cost computer systems. 
Where before only large 
businesses could afford 
systems, now they will be 
everywhere and there will be 
thousands of people working 
up programs, not dozens. 

Small systems will grow as 
rapidly as we are able to get 
them running with I/O 
devices and memory storage 
devices. 73 wants to hear 
all it can on these 
developments so they can be 
fed back to everyone in the 
field. Let’s have user 
information on 
interconnecting the television 
typewriters to the Altair 
8800, the Altair 680, the 
Sphere, the SWTPC 6800, the 
Godbout PACE, etc. Ditto 
Teletypewriters, used tape 
drives, used line printers, 
surplus keyboards, cassette 
recorders, floppy disk 
systems, etc. 

There are some exciting 
developments coming along 
in mag tape systems which 
are a bit high for the 
hobbyist, yet are great for the 
small business . .. let’s be 
sure to write about these ... 
how to look them up ... 
operating systems, etc. 

The idea of using a PROM 
systems software is a good 
one. I suspect that this will 
take hold. The Sphere idea of 
a PROM containing an 
executive, I/O driver, I/O for 
cassette, and I/O for a video 
terminal may take hold too. 
Sphere was talking about 
converting source language to 
machine language with a 
PROM, converting serial to 
parallel ditto, etc. 


MITS 

My talk with Ed Roberts, 
prexy of MITS, was most 
interesting. Rather than go it 
verbatim, I’ll engistify it for 
you. 

I asked Ed how MITS got 
into the microprocessor biz 
and this got him going in 
good shape. It seems that the 
term microcomputer was 
probably originated by the 
editor of EDN and the micro 
part of it has no relationship 
to the power, word size or 
the speed of the computer 
involved, just the large scale 
integration (LSI) of the 1C 
involved. 

Before getting into the 
8080 based system, MITS 
looked over the market to see 
what was available. The 
IMP-16, a 16-bit machine, 
benchmarked a couple orders 
of magnitude slower than the 
8-bit machines, so they 
decided not to go that route. 
Actually, according to 
Roberts, the 8080 is not an 
8-bit machine, but a 24-bit 
variable word length machine 
that has an 8-bit arithmetic 
logic unit (ALU) and can 
directly address 65,000 bytes. 

At the time of the decision 
to go 8080 there were only 
four other serious possibilities 
... the 8008, the 4004, the 
IMP-8 and the IMP-16. Since 
the IMPs seemed very 
complicated and to need a lot 
of external hardware, it came 
down to the Intel chips. They 
almost went for the 8008, 
but the nod went to the 8080 
after they added up the 
figures ... the 8080 is about 
10 times as fast as the 8008 
and only costs twice as much, 
leaving a 5X benefit. MITS 
spent about eight months 
evaluating the systems. 

The M6800 came along 
later and seems to have some 
advantages for smaller 
systems - according to 
Roberts, the I/O structure of 
the 8080 is better for bigger 
systems. The PACE seemed 
to be slower than the 6800 or 
the 8080 and it is limited to 


seven or nine subroutines. 
MITS felt that a 16-bit 
machine would have a 
difficult time competing with 
a 24-bit machine. If the 
PACE had been significantly 
lower in cost, that might have 
been a factor. 

Whither Time Sharing? 

Ed opined that time 
sharing is going to die. The 
data transfer rate is just too 
slow . .. limited to about 30 
characters per second (cps). 
And when you consider the 
cost of time sharing, with 
rates running from $5 to $7 
per hour (MITS charges $2 
per hour), you probably can 
buy a complete micro system 
cheaper thin several months 
of that. Once ROM program 
chips are available you won’t 
need any experts — when the 
power is turned on the ROM 
will provide the program to 
have the computer go to 
track zero on the floppy disk 
and load the operating 
program. 

One problem is that as 
more microprocessor chips 
are developed this will result 
in the need for more 
hardware to be developed 
and, worse, more software. If 
the field settles in with the 
6800 and the 8080 we may 
get a chance to develop a 
large number of sophisticated 
programs for use with these 
machines. If more and more 
microprocessor designs 
proliferate it could split the 
field so that much less is 
developed. The second 
sourcing of the 8080 by 
Texas Instrument and 
Advanced Micro Devices 
(third sourcing?), and the 
AMI second sourcing of the 
6800, as well as the MOS 
Technology 6501, mean that 
these multi sourced 
microprocessors will have a 
big head start over other uPs. 
The 8080 got a good lead by 
virtue of the head start of 
microprocessor innovator 
Intel. 

MITS had no serious 
problem in deciding to 



accommodate the 6800 . .. 
the Altair 680 backplane is 
exactly the same as the 8800 
except for the CPU card ... 
and it plugs into the Altair 
bus. 

The 6800 has two 
accumulators, an index 
register, and a stack pointer 
on the chip, but no general 
purpose registers. There is a 
short instruction format to 
access the first 256 bytes of 
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memory conveniently as a 
general purpose scratch data 
area. With the 8080, there is 
one accumulator, a stack 
pointer and six registers 
which are paired for use as 
pointer registers. These arc 
often used as if they were 
general purpose registers, 
which is handy since the 
8080 cannot reference 
memory addresses directly 
for most instructions. 

What major problems has 
MITS had? Delivery has been 
about the only problem, but 
it has been a big one. At the 
time they started making 
deliveries of the 8800 they 
had 24 people .. . now they 
have 85 ... and it takes time 
to find and integrate new 
people into a company. No 
department can handle more 
than one or at the most two 
new people at a time and 
function well, so this severely 
limits the speed with which a 
firm can safely grow. 

The Altair clicked none 
loo soon. MITS had been 
heavily dedicated to the 
calculator field and joined all 
the others in taking a terrible 
bath when calculator prices 
dropped off the end of the 
dock. The firm lost about 
$200,000 in 1974 and things 
looked very bleak by the time 
the Altair was announced. It 
was a tremendous gamble for 
no one knew for sure whether 
there even was a market for a 


particularly one in kit form. 
It turned out that there was 
indeed a market and well over 
5000 8800s have been 

shipped so far ... about 60% 
of them kits, and about 50% 
to hobbyists and 50% to 
OEMS. 

Ed had some glowing 
things to say about Altair 
BASIC. The Altair BASIC 
interpreter was developed 
jointly by MITS’s software 
wizards Bill Gates, Paul Allen 
and Monte Davidoff — who 
are now busily working on an 
extended BASIC and other 
packages. (It turns out that 
most systems software 
packages such as Altair 
BASIC are designed by 
individuals and implemented 
by at most two or three 
people as was the case here.) 
The 8K Altair BASIC, claims 
Ed, outperforms just about 
any other BASIC going. A 
week spent with BASIC and 
you will be in shape to write 
some pretty good programs. 
The nicest thing about BASIC 
is that there are many 
programs in print in the 
innumerable books on this 
language. 

I asked about the 
possibilities of hobbyists 
using some of the cast off 
computer peripherals which 
are around fairly reasonably 
from used computer firms. 
Ed blanched. If a big disk 
drive is inexpensive you can 
look for big troubles ... big 


expensive troubles . .. then 
there is the matter of working 
up an operating system, a 
detail which could take an 
enormous amount of time. 
This might be practical for 
someone with a lot of 
experience and all the time in 
the world. The larger tape 
drives could back you into 
the same corner. 

Stuff which is RS-232 
oriented would be fine, such 
as line printers, Teletypes and 
video display units. The 
chances are that you won’t be 
finding all that many VDTs 
on the bargain counters. 
Paper tape readers might be a 
good deal. 

This brought us down to 
some discussion of larger 
memories ... the soon to be 
released MITS floppy disk 
system ... and some other 
memory storage schemes that 
are in the works. For instance, 
there is a new ’A" eight track 
tape cartridge that may be as 
fast as a floppy. It will search 
at 240 inches per second. It 
will also read and write at this 
speed, but the inter-record 
gaps are wasteful and they 
figure to read and write at 
62% ips since the read and 
write time is trivial to the 
search time ... you search by 
counting the gaps between 
records. One cartridge can 
hold 14 megabytes 
unformatted and about 8 
megabytes formatted. 

Games 

The discussion got around 
to computer games and Ed 
mentioned the lunar landing 
game wherein you have to try 
to land on the moon with 
zero downward speed ... it 


took him the best part of a 
night to get the hang of the 
very non-linear problem 
involved. Star Trek is another 
game which fascinates just 
about everyone who gets 
involved with it... it is quite 
sophisticated and intricate. I 
asked about chess ... he said 
he would try to get a copy of 
the Data General chess game 
. .. supposed to be the 
second best computer chess 
program available .. . but not 
much of a challenge for any 
serious intermediate or higher 
level chess player. 

In all it was a most 
interesting visit ... I learned 
a lot ... and let there be no 
mistake that I still have a 
great deal to learn before I 
will know enough to even 
read the computer literature 
and understand it. I would 
like to let any readers who 
might be feeling a bit edgy 
about the more technically 
oriented articles in 73 
know that in time you and I 
will understand what is going 
on ... we may even be able 
to talk computers with both 
hardware and software pros. 
SWT 

The third stop on my 
microprocessor tour was 
Southwest Technical 
Products in San Antonio. 
Actually this was just a very 
lucky coincidence, for I went 
there to see them in regard to 
their television typewriter 
unit which is a natural to go 
with computer systems as 
well as amateur teletype. 

Dan Meyer, the president, 
and Gary Kay, the chief 
engineer, spent the day 
showing me their new 


Dan Meyer, Presi¬ 
dent of Southwest 
Technical Products 
Company. 






6800-based microcomputer 
system which is due to be 
released soon in kit form. 
They had a prototype system 
set up and working and it 
certainly was impressive. I 
asked a lot of questions, 
trying not to make my 
abysmal ignorance of 
microprocessors too evident. 

For instance, I asked how 
come they went with the 
6800 chip for their system 
instead of the several others 
available. 

8080 vs 6800 

While I figure it will be 
quite a while before the 
proponents of each chip will 
be cool enough to sit down 
and work out a comparative 
evaluation of the situation, 
this has not stopped me from 
asking the participants to give 
me their reasons for going 
one route or the other. 

Gary Kay, the computer 
engineering brains at 
Southwest Tech, tried to 
explain the differences 
between the two chips to me 
and why he decided to go 
with the Motorola 6800. I 
understood things here and 
there, aware of a need for a 
better interface for dealing 
with people who speak in 
computerese. 

Well, it seems that Gary 
looked into everything 
available ... went to courses 
provided by the chip 
manufacturers ... read a lot 
... and it all came down to 
the 6800 for him. It was 
much easier to interface than 
the 8080 ... required fewer 
external parts since much of 
the work is done by software 
instead of hardware. This 
need for fewer parts would 
seem to be demonstrated by 
the substantially lower cost 
of 6800 based units vs. 8080 
units (the MITS 6800 based 
unit is $293 vs. $439 for the 
8080 kit). 

With the 6800 you can set 
up any of the 16 lines for 
input or output and change 
anytime you want just by 
programming instructions . .. 


even in the middle of a 
program. You can program 
the system to give any 
priority for a particular input 
device. You can do a lot of 
things with programming that 
have to be done by switching 
with the 8080. You can even 
program whether it will work 
on a positive or negative 
strobe (if you are). The 
handshake line . . . lets it be 
known when data has been 
received ... is all right there 
on the chip. The 6800 was 
designed as a system and thus 
takes less outside equipment 
to get it working. 

Another plus is the 
Motorola supplied MIKBUG, 
a small operating system 
which is available on a ROM 
chip. This is a nice feature 
which can be appreciated by 
8080 users who find they 
have to start out by hand 
switching in about twenty 
steps before the system will 
be able to accept 
programming from tape or 
cassettes ... or even a 
keyboard. Thus, with the 
6800 systems you can just 
flick on the power switch and 
the initial programming is all 
done by the built-in read only 
memory and you find a 
snowflake blinking at you on 
your screen indicating the 
system is ready for use. 

This elimination for the 
necessity of hand switching in 
the loading program has made 
it possible to do away with 
the usual computer front 
panel and its row of switches 
and rows of LEDs. Further 
instructions to the system can 
be put in by means of a 
keyboard using octal or 
hexadecimal notation, 
whichever has been 
programmed in by the ROM 
. . . hexadecimal in the case 
of MIKBUG. 

As time passes we will see 
whether the 8080 or the 
6800 systems have more for 
the users .. . and that is the 
bottom line. 

The Southwest Tech 6800 
kit sells for $450 and includes 
some handy items. There is 






ihc mother board into which 
the processor, memory and 
I/O boards plug, a chassis and 
cover, power supply, the 
processor board with the 
6800 chip, ROM MIKBUG, 
128 bytes of RAM and a 
clock for the system, and a 
board with a serial 
input/output for teletype or 
RS-232 such as the CT-1204 


terminal. A 4K memory 
board is also included which 
has 2K on it and space for 
plugging in 2K more to fill 
out the 4K .. . the extra 2K 
is available for only $45. The 
result is that you have a 
complete computer system 
for S450. 

In addition to the 6800 kit 
you’ll need to have some sort 


of I/O device, probably either 
a teletype with ASCII output 
or a TV video system such as 
the CT-1024 kit and a TV set. 
You’ll need more memory for 
any practical computer 
operating system . . . 
certainly the extra 2K and 
more probably a total of 8K. 
You will need some sort of 
bulk memory system such as 
a cassette recorder and an I/O 
board which will interface it 
to the system. Floppy disk 
systems are nice, but they are 
still too expensive for most 
hobby systems and the 
programs to operate them 
have yet to be written. 

The Southwest Technical 
operation is a beauty to 
behold. They are using a 
Datapoint computer system 
to run the whole works. The 
sales are 100% mail order and 
each order is entered in the 
computer as it is received. A 
label and packing slip is 
printed out for each order 
and an acknowledgement sent 
out automatically. Each week 
all orders are processed by 
the system and inventory 
records updated to account 
for every resistor and part 
used in the kits. Delivery 
schedules are in the system 
too, so when parts in stock 
get below a quantity which 
might cause them to run out 
the computer initiates an 
order for the parts. Since this 
system was set up there have 
been no delays in filling 
orders due to out of stock 
parts! 

Questions on orders can be 
quickly resolved by searching 
the computer memory for the 
name, zip, or even the 
ordered kit. Everything is 
right there at hand. 

Dan Meyer, the president 
of Southwest Tech, took me 
for a tour of the plant ... it 
was enormous. The printing 
department is bigger than the 
73 printery which turns out 
the many 73 books .. . acres 
of space filled with shelves of 
parts, people putting kits 
together, and more cartons 
that you would believe. The 


company has built up a good 
name in the hi-fi field where 
it is one of the largest of the 
kit manufacturers and known 
for the high quality of their 

The first excursion into 
ham territory was with their 
television typewriter kit .. . a 
natural for RTTY operators. 
The CT-1024 terminal 
system, first made known in a 
nice article in Popular 
Electronics, consisted of a 
character generator, sync and 
timing circuits, cursor, 1024 
byte memory ... all you 
need to put a 16 fine message 
on the screen of a television 
set with a video jack on it. 
The 1024 byte memory is 
enough for two pages on the 
screen and the unit 
automatically switches from 
one page to the next when 
the bottom of a page is 
reached. This kit sells for 
$175 and is very simple to 
put together. My twelve year 
old daughter helped with a 
good deal of the assembly 
and soldering of my kit. 

A power supply for the 
unit is available for $15.50 
more, as is a keyboard for 
about $40 and an output 
interface to feed ASCII to 
your RTTY system or to a 
computer ($40). Thus, for 
about $275 you have a 
complete system, requiring 
only an old black and white 
TV set for a display and an 
RTTY system geared to 
ASCII input (RS-232). 
Compared to today’s teletype 
machine prices, that has to be 
one of the best bargains 
going. Compared to 
commercial video display 
keyboards it also was an 
outstanding buy. 

The SWTPC 6800 
computer kit looks like a 
winner, loo. Priced at $450, 
it includes a 714 page 
applications manual, the 
6800 chip, the MIKBUG 
ROM operating system, a 
serial interface which will 
operate a 20 mA teletype or 
work with their TV 
typewriter system. * 











Night DXing on 
lOand 15 


Cary L Feldman WN2UCO 
28 Pine Tree Dr 
Poughkeepsie NY 12603 


Talk about a rat race. If 
the 40 and 80 meter bands 
aren't a rat race after 9 
PM, then what is? If 
you're like me, tired of 
foreign AM broadcasts on 
40, or 80 with its 50 kHz of 
pileups, read on. The 
closest comparison to 80 
at night is a Martian ham 
station calling CQ DX on 
20 on a Saturday morning, 
only more so. 

Cetting back to 10 and 
15 night DXing: It isn’t 
really DX, but it has all of 
its rewards. It sounds like 
DX, is just as thrilling (for 


me anyway) and boy it's a 
big band or two and nice 
and quiet. Talk about 
QRM free, here it is. 

Working a fellow nov¬ 
ice, or anyone who hap¬ 
pens to be "slumming" 
on 10 or 15 at night is just 
great. There's the QSB of 
DX as the ground waves 
fades. There's that low 
lonely signal to pull out of 
the mud; who cares if he's 
only 50 miles away? It's 
just as hard, if not harder 
than any DX you ever 
work. And I mean pulling 
him out of the mud, lor 


he's as subterranean as 
you can get. But that's 
where the thrills come in. 
The accomplishment of 
the above feat is equal to 
working any DX. He 
sounds like he's in Asia, 
so who cares if he's fifty 
miles away? 

I've been a Novice for 
about nine months now, 
and have worked my share 
of DX. For the most part, 
when it's in, it's in, but 
when it's out, forget it. 
There's rarely any sweat 
working G’s, I's, ON's, 
etc. when they're 469 or 
so. Compare these sigs to 
the guy 229 fifty miles 
away and you're getting 
the idea. 

Living within Metropol¬ 
itan New York City, I'm 
sure that more than a few 
hams can CQ on 10 or 15 
at 10 PM nightly. Just 
think, a total of 200 kHz of 
quiet to work with. 


I guess for the most part 
a great many Novices tune 
10 and 15 for a few 
minutes at night, they 
hear nothing, and go to 
war on 80. However, I'm 
almost certain that if a 
bunch of Novices start 
calling CQ on that virtu¬ 
ally dead band, something 
will start. 

By the way, I've listen¬ 
ed to 15 meters from 9-11 
PM EST at times, and lo 
and behold out of no¬ 
where, on a seemingly 
dead band, "CQ CQ CQ 
DE ZL1A ..." So, my 
fellow hams, if you've got 
those PM blues like me, 
let's get with it. Anyone 
within 100 miles of my 
QTH drop me a line and 
we'll try and sked. All you 
others try some 10 and 15 
meter Nocturnal DX. 
You'll be just as excited as 
when working a real one. 
If not, there's always 
girls* 
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Jon Wennerberg WA8CDW 
736 Pine 

Hancock Ml 49930 


60 Hurts 
Per Second 


I sometimes wonder 
about the history of hams 
— everybody knows that 
amateurs have been re¬ 
sponsible for technical 
advances in radio. But I 
can't put this into per¬ 
spective when I think of 
my own work. Like the 
first project I ever built. It 
was a 30-watt peanut 
whistle from the Hand¬ 


book. I thought I was 
doing something just 
barely removed from basic 
research — at least until I 
got to the parts supply 
house. 

The guy behind the 
counter had the gall to tell 
me that the 5U4 could be 
replaced by this new tube 
— it was a 5AR4 — and it 
was smaller, more effi¬ 


cient, and cheaper, too! So 

I dropped my self-esteem 
a tiny bit and took it home 
to start work. My high 
school radio club advisor 
suggested I scrap it for a 
few silicon diodes. Well, 
he was a physics teacher, 
and everybody knows that 
they know all about these 
modern techniques. I used 
the tube — but I started to 
play with them "solid 
state" devices that were 
suddenly everywhere in 
radio. 

I was pretty sure of how 
to use silicon and the 
old-fashioned seleniums 
when I took that junior 
college course called 
"Tubes and Transistors 
109." I signed up thinking 
that we would be used as 
consultants to the guys at 
RCA when they needed 
some help. But that 
course ...I showed up for 
lectures that sounded 
more like a karate demon¬ 
stration in a Greek restau¬ 
rant. Imagine walking into 
a room and hearing "Hfe 
Hie Beta Fco Alpha.'' 
What the heck was he 
talking about? 

I got through the 
course. I can't say that I 
got an A, but I was finally 
up on the latest. So there I 
was — I knew the latest 
terminology from the in¬ 
dustry and could do real 
up-to-date work. So who 
asked for help from 
ARRL-FCC? Why couldn't 
they leave well enough 
alone? HERTZ, indeed! 
No offence, Heinrich, but 
I still say cycles per 
second. At least until I get 
my fingers across the a.c. 
line, at which time I get 60 
hurts per second. 

So our hero (that's me, 
ace wizard-experimenter- 
researcher) strives to help 
the world move ahead by 
applying this wonderful 
knowledge of up-to-date 
electronics. I was thinking 
of something along the 
line of miniaturization. I 
stopped at the familiar 
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Word has just reached the 73 offices of the recent departure for that great DXpedition 
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had, shortly before his demise, received delivery of a bundle of back issues of 73. 
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parts house to get some 
reference works . and 
saw books about the new 
integrated circuits One 
fellow must have thought 
like me, though His 
electronic device was 
dubbed the ICKEY Mv 
feeling, exactly, 

I was not stopped by the 
move to "small," though. 
Even though my head was 
turned by stone-crushers 
running 3-phase 208 
through the primaries 
more than it was by those 
tiny transceivers Al Kahn 
was making, I thought 
about trying QRP. I did, 
and it worked fairly well I 
used a borrowed HW-7 
and made one contact on 
40, He was about 4 miles 
away, and still insists that 
he did hear me that day. 
We used 2m FM for 
liaison. The antenna, of 
course, wasn’t the best — 
hookup wire wrapped 
around the copper heating 
pipe for about twenty feet 
before it led outside where 
it paralleled the gutter 
But I had heard that these 
little rigs didn't need 
much of an antenna, and 
anyway, I was using a 
transmatch. I could set the 
thing, though, since my 
SWR bridge would work 
with that ridiculously 
small amount of power, 
but I did arrange the taps 
so that they looked pretty, 
and that should have been 
enough .. 

QRP having proved 
nothing, I went back to my 
plans for giving RF burns 
to all within miles of the 
main lobe. I went through 
my usual process of mod¬ 
ernization, going from the 
old glass 4-400A to a 
couple of 4X150's to the 
ceramic 4CX250A to the 
ultimate - a 4CX1000A 
with only about 15,000 
hours on it The engineer 
from the local FM station 
said it had been taken out 
of service as regular 
maintenance — not for 
any defects in operation. 


although it wasn't quite as 
perky as when it was new. 
After scraping the cor¬ 
rosion and smoke from the 
tube I settled down to 
build I even secured that 
one thing that NO high- 
power rig can go without 
— a forty horsepower 
wind generator from 
Hollywood. I figured that 


would provide my state of 
the art amplifier with 
sufficient cooling air to 
take care of all possible 
eventualities. 

Apologies for the little 
break, but I just got the 
mail, and I took a break to 
read the ham magazine 
that came. I see a 
high-power amplifier is 


shown inside That just 
might be what I needed — 
a chance to compare notes 
with the author, and 
maybe give him a hand 
with design modification. 
Funny looking circuit, 
though I don't see the fan 
to cool the final. Hey! 
What’s CONDUCTION 
COOLING? ■ 
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Catch Big Ones - 

Fishpole Mobile 






A fter investigating the available "store- 
bought” mobile antennas and looking 
at their prices, I came away more than 
chagrined. Not only were the prices high, 
but equally important the swr was poor, 
indicating a sort of compromise in design. 

I decided to build my own. Having 
already done reasonable experimenting on 
other bands, I decided I would like to try 
mobile CW on 20. On lower bands, such as 
80 and 40 and even on 160, the efficiency of 
mobile antennas falls off sharply. 80 meters 
still had an appeal for me but I decided 20 
was better because of the skip conditions. 
Incidentally the whole rig was built using an 
old 1625 tube driven by two type 6F6s as 
buffer and driver. The vfo was home built 
using three transistors operating on 40 
meters and mounted in the front of the car. 

As no one has really resolved whether 
center loading or base loading is the best, I 
decided to use a little of both. The general 
philosophy was to make the center loading 
less than optimum and augment this with 
the correct amount of inductance in the base 
to bring the system into resonance. 

Bamboo is hard to obtain these days, for 
some reason, but I did find a three-section 
fishing pole at the nearest hardware store 
which was small in diameter and had a lot of 
give to it. I decided to use the old-fashioned 
beehive standoff insulators to hold the 
antenna away from the car body. I had some 
compunction in using the ceramic as I first 
thought it was far too fragile for mobile use. 
It has proven to be very durable. I even 
whacked a few tree limbs on purpose at a 
reasonable speed of 30 mph with no ill 
effects. 

The fishing pole comes in three sections, 
each fitted with a brass fitting so as to 
telescope into the mating section. I only 
used two sections making an overall height 
of 8 feet. To obtain greater efficiency, I 
wrapped number 16 wire around the bottom 
section to get the inductance up. The center 
coil was mounted on two aluminum clamps 
bolted around the bamboo. I used a solder¬ 
ing lug in order to solder the coil directly to 
the pole. The top section of bamboo has 
another piece of number 16 stretched to the 
top with just a gentle curl around the pole. 
This is done so that the wire will not break if 
you should hit a tree limb. If the wire was 
stretched out straight, it would bend in such 
a manner as to break. 

When I first grid-dipped the whole affair 
it dipped in the 27 MHz band! It would 
seem that the grid dip meter only sees the 
overall height of the antenna, sans any coil 
at all. Another dip was found nearer the 14 
MHz region. 

The insulators were mounted using self¬ 
tapping steel screws and a piece of cork 


gasket material between the car body and 
the insulator to take up the shock. I put 
varnish around the whole thing later to keep 
moisture out 

The photo and diagram tell the whole 
tale. What is not shown is the feed system. I 
tried every system in the mobile handbook 
to no avail. In desperation I used a piece of 
coax cut to the right length so as to look like 
a quarter-wave transformer. Like most 
amateur radio operators I do not have the 
facilities to measure the radiation resistance 
presented at the base of an antenna. An 
educated guess told me it was in the general 
neighborhood of about 20 Ohms. Using a 
piece of RG 58U cut to a length of 10 'A feet, 
it yielded an swr of about 2:1. Anyway, it 
works! Since the center loading coil is 
mounted on the top section, I can easily 
change it to operate on each band. The 
entire 12 foot, 3-section pole only costs 
$1.39 and is apparently tougher than any 
man-made material. ■ 
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Glitchgate 


by 

George M. Ewing WA8WTE 

510 Sheridan Drive 

SauIt Ste. Marie Ml 49783 


He was tracking the thing 
so intently that he forgot 
his instruments and found 
himself in a screaming 
Kamikaze dive ... 


Drawing by Neal Kandei 
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W e had been out at John Gregory's 
house for several hours, working on 
an old Russian samovar that his mother had 
brought back from the Turkish highlands 
near Adana while on a DXpedition in the 
Middle East. We couldn’t seem to keep the 
charcoal lighted and were thinking of for¬ 
getting the tea and using the silver hot water 
tank for a coaxial tank filter for the backup 
receiver on VE3SSM. Suddenly we realized 
that it was after eleven, and that there was 
no beer in the house. It was definitely time 
for a break anyway, so John and I fired up 
Supertruck and trundled on down to the 
Antlers Bar & Grill. 

When we got there, our usual seat under 
the Chippewa war canoe had been taken by 
some boisterous hockey fans, so we settled 
for a corner table between the stuffed boa 
constrictor with the snowmobile helmet and 
the Eire flag. The snake is a regular patron of 
the Antlers, and on St. Patrick’s Day has 
been known to slither down the bar and 
drink green beer from the customers’ glasses 
if they aren’t too alert to snatch them away. 

At any rate, after John and I had ordered 
our Paul Bunyan Burgers and drafts, we 
resumed a previous discussion, something 
about Middle East Politics and Long Delay 
Echoes. Some of the people from Harvey's 
basement came in, swiped some chairs from 
the table on the left of the stuffed moose’s 
ass, and joined the group. This perforce 
changed the thrust of the discussion to such 
technical niceties as the superiority of non¬ 
volatile ferroelectric memories over ECL and 
the advantages of sapphire as a substrate 
material. 

Frank Ostrander and some of his FAA 
buddies came in, and took the other adja¬ 
cent table, under the steam whistles. Frank's 
a ham, but he’s not into semiconductors 
much, so the conversation gradually shifted 
to weather and flying stories. 

John Gregory started us off by telling the 
one about Dick White, a VHF nut and pilot 


who had been stationed at Kincheloe Air 
Force Base. Dick had been flying a mission 
out over Lake Superior one spring evening 
when he got a U.F.O. from the boys at the 
753rd AC&W radar station, and was ordered 
to investigate. When he arrived at the target 
area, he reported that he saw a 213m (700*) 
long spaceship with rows of lights along its 
sides. He was tracking the thing so intently 
that he forgot his instruments, followed the 
image through a temperature inversion, and 
found himself in a screaming Kamikaze dive 
at the Wilfred Sykes, a lake freighter on 
Whitefish Bay. He pulled out in time, and 
after an embarrassing hour’s debriefing, went 
home, fired up the 432 rig, and got three 
more states and Manitoba before the open¬ 
ing died. 

Bill Rennamaki and Mike Daniels came in 
about then and joined the group. They 
swiped two more chairs from over by the 
Fokker Triplane propeller with a stuffed dog 
on it, and ordered another round. Mike’s g 
radio astronomer for NASA out at North 
Liberty IA, and told several solar flare and 
LDE jokes. 

John Michael retaliated with another 
U.F.O. story, this time about one that WE 
launched. This particular one had been 30m 
(100’) plastic film hotair balloon supported 
by a peanut butter pail full of burning 
gasoline. It had been a real beauty, with 
tuned radar reflectors, strobe lights, and a 
scrounge TACAN transponder on it to con¬ 
fuse the Air Force. John Michael had burned 
his fingers lighting the gas, and henceforth 
claimed that he was one of the few verifiable 
U.F.O. casualties. 

After a few more flying stories and a 
halfway serious proposal for a high altitude 
balloon repeater for emergency coverage 
during disaster that was shouted down, at 
least for the U.S. side of the river because of 
licensing problems, we saw an old friend 
come in: Frankie Leitenen, the tool and 
parts king of the Northern Michigan hamfest 
flea markets. Frankie had started to take a 



table 'way in the back, under the nude 
autographed portrait of the 1948 Detroit 
Red Wings in foivo Crimin's Sauna Bath. We 
hollered and motioned, and finally he saun¬ 
tered over, dictating his hamburg order over 
his shoulder to the waitress. 

Every body was glad to see Frankie. He 
hadn't been around the Antlers for a couple 
of years, or at a hamfest for longer than 
that. We'd missed him, too. He'd always had 
the best deals on tools, tubes and small 
components at all the swapshops. I'd bought 
stuff from him from time to time: an 
obsolete tube, a roll of Teflon tape, or a 
handful of ICs that I needed for the latest 
project. You just couldn't beat his prices, 
and at least at first, he had always been 
willing to take your junk in trade, even some 
pretty unlikely stuff. We had always 
wondered where he’d gotten all that junk, 
and when he sort of disappeared, there had 
been a good deal of speculation that he'd 
gotten in trouble with the military for 
scrounging too handily at surplus disposal 
depots, or been the subject of an IRS witch 
hunt. 

He seemed cheerful enough now, though, 
and if he'd had a run in with the Mafia or 
Uncle Sam it hadn't left any outward scars. 
He did seem to be looking over his shoulder 
a lot, though. As soon as Trixie, the waitress, 
had brought his Paul Bunyan and tied the 
bib with the shamrocks on it around his 
neck, he was bombarded with questions. He 
was non-committal at first, but then the 
question was put more bluntly: 

"Why the hell aren't you at the swap- 
and-shops any more, Frankie, you been in 
jail or something?” 

He made the old familiar empty pockets 
gesture, from the horse-trading days, and 
said something to the effect that he’d love 
to buy a couple of pitchers of beer for the 
gang and tell us all about it, but that he had 
payments to make on his new triggered- 
sweep scope. Also, he was low on beer 
money and, anyway, we'd scoff and 
wouldn't believe him. 

Well, this was a pretty obvious come-on, 
but I reckoned that a good story was worth 
the price of a couple of 807s. Several others 
agreed. A small but impressive pile of bills 
and change appeared on the table, and we 
were giving Trixie our orders when some 
fool hockey fan down by the Samurai 
swords ordered a steak. 

Perhaps I'd better insert a parenthetical 
note at this point. All the gongs whistles, 
bagpipes, air raid sirens and other junk on 
the walls of the Antlers are functional, and 
loud to boot. When a steak order comes in 
from the teletype terminal by the meat case, 
two or three demented bartenders run up 
and down the bar, pushing buttons, stomp¬ 



ing pedals and swinging bung-starters. All 
hell breaks loose. 

When one of my buddies was back in the 
world from Tay Ninh a couple of years ago, 
he heard the steak siren for the first time in 
over a year. He dropped his beer on the 
floor, made a running dive hollering 
"INCOMING!” at the top of his lungs, and 
slithered around under the tables, looking 
for a bunker. 

After the brouhaha had died down, and 
the steam from the whistles had cleared out 
so that you could see, Frankie continued as 
if nothing had happened. 

“As I was saying, it all began soon after I 
bought that old yellow farmhouse out on 
the Pickford Road. The old couple that lived 
there thought that the place was haunted, or 
something, and I got it at a really bargain 
price. I tried to get some information from 
them before they piled into their camper 
and scrammed for Florida, but all I got was a 
few incoherent mutterings from the wife 
about Varmits’ and ‘toady-frogs.’ I moved 
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Mike interrupted, asking 
what the glitches were 
supposed to look like. I 
told him they were long- 
nosed, pointy-eared 
creatures ... 


Frankie went on, des¬ 
cribing the battle he had 
reeling in the recalcitrant 
little beastie, as big a fish 
story as any steelhead 
angler ever told .. . 


in the same day, set the workbench up and 
strung up some antennas.” 

There was an interruption for a couple of 
minutes. Somebody at the next table had 
left a silver dollar as a tip for Trixie and it 
had disappeared before he had even left the 
table. He stalked angrily around the room, 
peering under tables and chairs. His buddy 
tried to console him, telling him that it 
wasn’t really silver anyway, only an 
Eisenhower slug. But he was still angry when 
he finally walked out. 

Frankie continued, “I spent the next few 
days sorting my junk, which didn’t really 
amount to a lot in those days. I kept my 
eyes peeled for the varmits the old lady had 
mentioned, but without success. I did 
glimpse something scurrying around out of 
the corner of my eye a couple of times. 

‘‘After a while though, things started to 
disappear: small tools, hardware, transistors, 
that sort of thing. At first, I thought I was 
just being careless, but one night an expen¬ 
sive UHF power transistor vanished from the 
middle of a perfectly clean bench. I spent 
about an hour going over the floor, table, 
the works with a Tensor lamp and a magni¬ 
fying glass— nothing. 

"I took a few minutes break, and got a 
Coke out of the cooler upstairs. When I 
returned, the transistor was still gone, but 
there were several lockwashers and an un¬ 
marked TO-5 case with six leads lying on the 
same spot on the bench.” 

“Packrats,” said somebody at the next 
table. 

"No, gentlemen,” said Frank. “I had been 
convinced that I was dealing with glitches.” 

Well, this got a good laugh, and several 
members of the group, taking this to be the 
punch line of Frankie’s story, started to tell 
about their adventures with the glitches. 
Frankie was far from finished, however, and 
he tore into the scoffers with an almost 
missionary zeal. I was skeptical, of course, 
but not so much as you might think. I had 
mislaid tools and parts over the years, 
sometimes returning to find them in plain 
sight, sometimes not. Then there was the 
scissors hole at Gregory’s house. Over the 
years, dozens of scissors, tinsnips and wire 
cutters had disappeared. Only a few of them 
had turned up, and those had been badly 
corroded. 

Mike interrupted, asking what the glitches 
were supposed to look like. I told him that 
they were undoubtedly descendants of the 
original World War 2 gremlins, and were, 
therefore, long-nosed, pointy-eared 
creatures, like the AMC emblem or a cartoon 
Martian. 

Frankie was downright contemptuous. He 
said that showed how much we knew about 
glitches, namely zilch. Ostrander, scribbling 


notes on his placemat, motioned Trixie to 
bring a couple more pitchers. An Air Force 
colonel had come in and was listening to the 
proceedings with a bemused grin. Two 
strangers with overcoats had followed him 
in. They were sipping beer under a picture of 
John Philip Sousa directing the 1924 Sault 
High School Marching Band. 

Frankie continued. “You guys can laugh 
all you want, but I’ve seen them, and I have 
proof that they exist. Once I realized what I 
was up against, it was only a matter of time 
before I had a real, tangible glitch. The first 
thing I did was set up a Polaroid camera and 
a photocell focused on the spot on the 
bench. I left some shiny hardware and a 
handful of 2N706s on the table as bait. 
Over the next few days, I used up several 
packs of film, but with disappointing results; 
they were too fast. Even with 2000 speed 
film and a one millisecond flash, the pictures 
were blurry, but there was definitely some¬ 
thing there.” 

Frankie went on, ignoring the hooh-hahs 
and jeers arising from the last. “I got a few 
pictures, showing a long, lizard-shaped thing, 
but nothing that would serve as proof. I 
lulled their sense of security for a while, 
feeding them copious amounts of hardware 
and shorted diodes and zip-tops. Once in a 
while I’d get something in return. After a 
while, they hardly paid any attention to me. 

I discovered that they weren’t running across 
the bench, as I had first imagined, but rather 
were materializing and vanishing again, all 
within a meter or so of the center of the 
workbench. They were completely silent, 
never making a bang of displaced air, or any 
of the funny noises that are supposed to 
accompany poltergeists or supernatural 
creatures. Finally, I decided to set a trap for 
them. 

‘‘I took a particularly shiny 1C case and 
put a few drops of Eastman 910 on it and 
bonded on the eyelet from a fishhook. I got 
a fancy spinning reel, and wound about 91 m 
(100 yards) of Corbollon macromolecule 
filament, with hundreds of pounds 
of tensile strength, and nearly invisible. I 
bonded some scraps of ruby rod from a 
busted laser onto the reel bail as bearings. 
Then I hooked up an alarm, sat back and 
waited. 

"I didn’t have to wait very long before 
the alarm rang. The 1C vanished, trailing line 
from a screaming reel. I half expected the 
line to be bitten off, or to be cut by the edge 
of the hole, or gate, or discontinuity, or 
whatever, but it wasn’t. I had caught myself 
a real live glitch; now all I had to do was reel 
him in.” 

The colonel had pulled his chair up as 
close as he could. I recognized him now, an 
operations officer from Kincheloe. He was 


listening intently, every bit as hooked as 
Frankie’s glitch. The Overcoat Boys were 
squinting their ears so hard they were nearly 
falling out of their chairs. 

Frankie went on, describing the battle he 
had reeling in the recalcitrant little beastie, 
as big a fish story as any steelhead angler 
ever told. 

“I finally had him back through the gate 
and held him down on the bench top. Fie (I 
discovered later that he was an adult male) 
flopped and wiggled a bit, and then calmed 
down. Pretty soon I could hold him in my 
hands. Fie was about 32.8cm (1’) long, 
shaped like a Gila monster or salamander, 
and surprisingly heavy, like he was made of 
metal. Fie was a mottled brown and olive 
color, with a red place on his throat which 
he puffed out at me. The 1C case was firmly 
glued to his lower jaw.” 

There was another interruption for a 
steak alarm, this time with a couple of blasts 
on a hockey fan’s Freon air horn, and a 
couple of gunshots, which sent the strangers 
in the trench coats scurrying for cover 
behind the meat case in the corner. One of 
the bleary-eyed snowmobilers started out 
singing a verse of the engineer’s song. A 
couple of the guys in our group started to 
join in, but they were promptly shushed. 
The rest of us were interested in the story 
and it was getting dangerously close to 
closing time. I didn’t want to get stuck with 
a cliff-hanger. 

‘‘From there on," Frankie continued, “it 
was easy. I caught several more of the little 
buggers in roughly the same way and even¬ 
tually trained them to retrieve more tools 
and parts than they stole. Some of it was 
pretty weird, but enough of it was salable to 
make a handsome second income for several 
years. I fitted 'em out with little stainless 
steel collars, like cormorants. That way, they 
couldn’t swallow anything big, and had to 
live on the lockwashers and little stuff I fed 
’em. I even sent through a Minox camera on 
one of the collars. Most of the time I didn’t 
get very good pictures, same trouble as 
before, only the other way around. I did get 
some wild pictures, though, and this was the 
beginning of the end of an otherwise sweet 
setup. I began to get frightened. Remember 
the Russian transistors?" 

Several of us nodded. Frankie had had 
quite a deal on some “surplus” Soviet 
computer boards and components. 

“Well, that wasn’t the half of it. Some of 
the pictures I got back just had to be secret 
government stuff, and some of it was just 
plain ridiculous. It didn’t even look like it 
was made by humans if you follow me. 
Finally Athelstan, he was the one I caught 
first, you know, brought back this. And 
right then, ladies and gents, was when I got 


out of the trained glitch business, and went 
on a nice, long vacation. If you study it, 
you’ll see why.” 

With that, he tossed the gadget he’d been 
holding onto the table, chugged the last of 
his beer and made for the door. The two 
guys in the coats got up and followed him 
out. I picked up the thing and looked at it. 
It was a kind of key, like those fancy ones 
that they use in the pick-proof locks on 
vending machines, only a lot more compli¬ 
cated. It had a nylon cord, like a neck loop, 
and was covered with serial numbers. 11 gave 
the impression that if you asked NASA, or 
IBM, or somebody to come up with an 
absolutely foolproof lock and key, cost no 
object, that this would be it. Oh yes, there 
was a name in front of one of the numbers: 
"Sandia Corp." 

Right about then I noticed a weird, 
gargling sound, as if somebody down the bar 
was trying to strangle a Springer Spaniel and 
not quite succeeding. It was coming from 
that SAC colonel. Fie was turning purple in 
the face and looked like he was starting on a 
real conniption fidget. He gasped and 
motioned to me for the key. I flipped it 
toward him, but it sort of bounced on the 
table between us, and just kinda, well, 
winked out! 

He looked kind of befuddled for a 
second, then got up, sort of shaky-like, and 
ran over to the phone booth in the other 
corner. It didn’t do him much good, of 
course, because there’s no phone in the 
Antlers phone booth, just an obscene parrot 
Not only that, but the parrot is stuffed, as is 
cousin Suomi on the third stool down from 
the snake. 

The colonel came to his wits, finally, and 
.ran outside to his car phone. In a few 
minutes, the place was full of Air Police, the 
FBI, the CIA and the Mounties, as if they 
had all come down a rope. They gave us all a 
hard time, keeping us in the place for an 
hour after closing for questioning, but they 
never found the key. They really went over 
the building, too, with metal detectors, and 
magnetometers. They looked behind every 
brick and under every floorboard, but to no 
avail. I think they’re still keeping a pretty 
close watch on all of us regular customers. 
My telephone sounds like the click room at a 
relay factory when I pick up the receiver, 
and my third grade teacher has been inter¬ 
viewed by six different agencies, and offered 
two bribes. 

We never saw anything more of Frankie 
or the coatmen, but once in a while, when 
I'm finishing a beer just before last call at 
the Antlers, I catch a flicker of motion out 
of the corner of my eye. I like to think that 
Athelstan and his friends have found a new 
home. ■ 


In a few minutes, the place 
was full of Air Police, the 
FBI, the CIA and the 
Mounties, as if they had all 
come down a rope ... 
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Switch It 

John H Smith VK3IQ 
HJ Bindi Street 



Off First 

One of Murphy's Laws 
must be "He who fiddles 
with radio is going to get 
electric shocks.” I can't 


tell how many shocks I 
have had, and almost 
every active amateur must 
have had at least one bad 
shock sometime Despite 
the fact that most ama¬ 
teurs have high voltage 
power supplies, the great¬ 
est number of electric 
shocks come from the ac 
power mains. I know that 



most of mine have been 
ac, and when I asked my 
friends about their shocks, 
they agreed with me. The 
start of this train of 
thought about electric 
shock was the 264 volt 
wallop that I collected 
from my son's 24 volt 
electric train set, but more 
of that later. 

One of the greatest 
dangers of electric shock 
is its unexpectedness. 
One minute you are quiet¬ 
ly working on the rig and 
then "Wham,” you get a 
terrific jolt down the arms 
and chest, and if you are 
lucky, you yell like mad 
and curse a bit. "Damn 
thing bit me," you say, 
amongst other things. Of 
course, if you are unlucky, 
you don't say anything, 
anymore, and QST has 
another entry for its 
"Silent Keys" column. 

Most electric shocks 
come through sheer care¬ 
lessness. Ac switches 
placed at the bottom of a 
chassis are a good way to 
collect a jolt through the 
fingers. If you must place 
switches there, protect 
yourself from the termin¬ 
als by wrapping the switch 
in a small plastic bag or 
covering the terminals 
with electrical insulating 
tape. Transformer termin¬ 
als should also be covered 
with a strip of tape. If you 
must work on equipment 
that is live to a hundred 
volts or more, wear rubber 
gloves. I have saved 
myself many a shock by 
this simple method. 

Over the years I have 
had several severe shocks, 
mostly through my own 
carelessness. The most 
severe shock I ever had 
was due to neglecting the 
first rule of safety: 
"Switch it off first." I had 
been appointed Radio Op¬ 
erator on a one time U S. 
Victory ship, the ex "Nor¬ 
way Victory " She had an 
RCA 4U Radio Console, 
where the main transmit- 







ter B+ of 1500 volts was 
supplied by a motor 
generator. The EH- was 
fed to the transmitter 
through a long fuse, 
mounted by the generator 
starter panel under the 
console desk. The fault 
was quite simple, no B+ . 
The fuse, a long brown 
bakelised paper tube with 
brass end caps, was 
probably blown, so with¬ 
out turning the motor off, 

I grabbed it. It grabbed 
me too, all 1500 volts of it, 
and I got an almighty 
shock which caused me to 
leap back, cracking my 
head on the underside of 
the desk as I shot past. 
When I had recovered and 
turned the motor off, I 
found that some previous 
genius had also had fuse 
trouble, but no spare 
fuses. He had solved his 
trouble by repairing the 
fuse; unfortunately for me 
he had soldered the fuse 
wire from brass cap to 
brass cap OUTSIDE the 
tube. The fuse was indeed 
blown, but I had made 
contact with the part of 
the fuse wire that was still 
connected to the B+. 
Naturally, I cursed the 
fool who had done this, 
but in truth I was the fool 
for trying to change fuses 
in a 1500 volt line with the 
power on. 

Of late, after eleven 
years ashore, I have 
become more safety con¬ 
scious. I have had an 
amateur station for ten 
years, but have not had 
many shocks from it. The 
first shock I received when 
pulling the transmitter 
panel and chassis from its 
case. The ac switch is at 
the bottom corner of the 
front panel, and to ease 
the chassis from the cabi¬ 
net I slid my fingers under 
the panel. Yeeowww! I 
have now taped the switch 
terminals, but for greater 
safety, all the ac power 
cords are only long 
enough to mate with their 


respective power sockets 
when each piece of equip¬ 
ment is in its case. To 
remove any unit in the 
station, it must first be 
unplugged. If I need to 
work on a unit out of its 
case, it must be deliber¬ 
ately patched with a 
power extension cord. 


* PRICE: 

*KIT: 

* PERFORMANCE: 


* COMPLETE LINE: 


* LOCAL DISTRIBUTORS: 


Another safety feature is 
that all equipment is 
encased, and the cases are 
connected together and to 
ground. In addition, the 
station ground system is 
entirely separate from the 
waterpipe ground of the 
house electricity supply. 
This completely separate 


ground is a great help in 
avoiding TVI caused by 
rectification in electricity 
supply grounds, which 
may be fine for ac but are 
ineffective at rf. In addi¬ 
tion, the ac line to the rig 
is only grounded to the 
station ground. 

As an aid to electrical 
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safety, our local supply 
authority requires that all 
power sockets be of the 
three pin type, with the 
third pin grounded All 
appliances with a metal 
case must be connected by 
3 core flex and three pin 
plug. Thus, any appliance 
that develops a short to 


case will blow the house 
fuses and protect the user 
against shock. Every ap¬ 
pliance in my house has 
been checked for safety 
and found to be in order. 
All cords were tidy and 
properly connected, 
switches were in the 
active line where only a 


single pole switch was 
used, and I was rather 
proud of my nice safe 
house. Pride comes before 
a fall they say. 

A couple of years ago, 
my son was given an 
electric train set. It was 
secondhand, but appar¬ 
ently in good order It 


uses the all ac German 
Marklin" system, using 
a third rail of studs 
between the tracks to 
provide 16 volts ac for the 
locomotives, plus a 24 volt 
ac pulse for operating the 
locomotive reversing 
switches. I checked that 
the transformer case was 
grounded, and that the 16 
and 24 volt supplies were 
the correct value. What I 
did not check was that the 
rails were grounded; I 
merely checked the volt¬ 
ages from center studs to 
track. The system worked 
well and it was regularly 
used indoors. One day 
recently my son decided 
that he wanted to use the 
train set outside in the 
garden. The track board 
was placed on the grass, 
the transformer connected 
to the track, and the 240 
volt mains connected to 
the transformer, with an 
extension cord. As I put 
the locomotive on the 
track I received an al¬ 
mighty belt that knocked 
me off balance. I yelled 
"Turn it off!" and then 
sat down to recover. I had 
no doubt that I had 
received a full mains 
shock, but how? It was a 
safe low voltage train and 
I had checked it. As I 
thought about it, I realised 
that I had been between 
track and ground as I put 
the loco on the lines, so I 
put a voltmeter between 
track and ground and 
switched on. The reason 
for the shock was clear — 
264 volts! Again, how 
come? 

After disconnecting 
everything — boy, was I 
careful now — I examined 
the transformer What I 
found in the box was not a 
low voltage transformer at 
all, but a very old radio 
transformer which some 
genius had worked out as 
a cheap replacement for 
the original His wiring 
certainly provided the 
voltages required, but by 
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autotransformer action he 
had left the track live at 
264 volts to ground By 
feeding 240 volts into a 
210 volt tapping he had 
increased the 5 volts plus 
the 2x25 volt winding 
outputs to 16 volts, but 
what a death trap! 


Before you have your 
next QSO, have a look at 
your house. Is everything 
electrically safe? If not, fix 
it fast or call an electrician. 
Have a look at the rig Are 
the cases grounded? Are 
the cases on a good 
separate ground? Are 


there exposed B+ or ac 
terminals? Can you get 
across transformer or 
switch terminals while 
working on the rig? Think, 
for a minute, of your 
family, of your insurance 
company. ■ 
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Improving 
the FT-101 


Do you feel that your 
earlier FT-101 could use 
"just a bit more" receiv¬ 
ing selectivity on single 
sideband? How would you 
like to accomplish this at a 
reasonable cost, simply, 
quickly, and without 
butchering up your pride 
and joy? 

I already had the FT- 
101 "160 meter model," 
so I could not see paying 
the couple of hundred 
dollars difference to trade 
for the "B" model. A 
closer scrutiny of the 
Yaesu price sheet reveal¬ 
ed a "XF-32A, 8-pole, 
SSB Filter for FT-101 B, 
for $49.00." Now what 
was that all about? The 
FT-101 B already has an 
8-pole filter! Yaesu 
Musen in California ex¬ 
plained that this filter is 
used to upgrade the 
earlier models of FT-101. 
They also told me that this 
filter will not affect the 
operation of the earlier 
models, except to give 
them more receive selec¬ 
tivity and to narrow the 
speech bandpass when 
transmitting. They also 
told me that this filter will 
not change the interstage 
drive requirements, nor 
will there be any retuning 
of any kind, within the rig. 
Well, this is right up my 
alley! 

Splurging and Installing 

I sent Yaesu Musen 
USA, Inc., the money and 







received the filter in one 

week 

This filter is installed in 
place of the present 6-pole 
unit, model XF-30A, 
designated as XF-1 on the 
schematic. This is on the 
I F UNIT, plugin (held in 
by screws) circuit board, 
which is easily accessible, 
from the top of the rig. 
The A F. UNIT has to be 
removed first, which is 
also a plugin circuit board, 
before you can remove the 
I F UNIT board. 

Using a little care and 
working slowly, the time 
required from unplugging 
the boards, switching the 
filters, to replacing the 
boards can take less than 
an hour. Don't forget to 
remove the old filter's two 
hold-down nuts and lock- 
washers, prior to unsol¬ 
dering! The greatest time 
is spent at unsoldering, 
and at the same time, 
working the old filter out 
of the I.F. UNIT board. Take 
your time here. When the 
old filter is finally remov¬ 
ed, carefully clean out the 
filter's printed circuit con¬ 
nections' holes and your 
new filter will literally 
drop right in. 

Holding the new filter 
in place, replace the 
hold-down nuts and lock- 
washers. Solder the con¬ 
nections Plug the I.F. 
UNIT and A.F. UNIT 
boards back into the 
transceiver, fasten the hold¬ 
ing-screws, and fire up! 

Results 

The first thing I noticed 
was the sharper tuning on 
SSB. With the old filter, 
the signals used to "plop 
right in" as I tuned across 
the phone portions of the 
bands Now, I have to 
tune a bit slower. One 
quickly gets used to this. 
The new filter reduces and 
practically eliminates 

monkey chatter" and 
■growls" caused by ad¬ 
jacent signals. The eight- 
pole filter certainly per¬ 


forms better than my 
outboard audio filters! ■ 
Reference 

1 Yaesu Musen USA, 
Inc., 7625 E. Rosecrans 
Avenue, Unit #29 Para¬ 


mount, California 
90723. "XF-32A, 8- 
pole, SSB Filter for 
FT-101B." $49.00 plus 
$1.00 postage. 


SLEP ELECTRONICS IS NOW SHIPPING 

COLLINS COLLINS COLLINS 
NEW IN FACTORY SEALED CARTONS 

/M-2A Transceiver.$1,760.00 MM-1 Hand Mobile Mike.36.0 


KWM-2A Transceiver 
75S-3C Receiver . . . 
32S-3A Transmitter . 
30L-1 Linear Amplifie 

312B-3 Speaker_ 

312B-4 Console. 

312B-5 Console/VFO 
516F-2 Power Supply 
136B-2 Noise Blanker 
302C-3 Wattmeter . . 
DL-1 Dummy Load . 


.760.00 MM-1 Hand Mobile Mike.36.00 

.200.00 MM-2 Mobile Mike/Earphone .133.00 

.440.00 SM-3 Desk Microphone.80.00 

. 767.00 MP-1 1 2V Power Supply KWM-2, 2A . . . 365.00 

. . 40.00 51S-1 Communication Receiver.2,567.00 

300.00 55G-1 VLF Preselector 51S-1 . 333.00 

. 573.00 TOP TRADES GIVEN for New Collins if you 
. 220.00 have Atlas. Drake, Collins, Swan, Tektronix, 
. 267.00 Hewlett-Packard. Military Surplus Receivers. 
. 200.00 Signal Generators, Oscilloscopes. 

133.00 


TUBES TUBES TUBES — NEW FACTORY BOXED 

572B/T160L. 19.50 6LQ6/6JE6C Swan Matched.@5.25 

3-500Z.49.00 8950 Swan Matched .@6.00 

3-400Z.49.00 8122 .55.00 

6146B/8298A.6.00 8874 . 50.00 

811A.9.50 8875 .50.00 

6JB6A Drake Matched.@4.50 4CX250B/7203 .32.50 

6KD6 Swan Matched.@7.50 


CUSHCRAFT ANTENNAS 

A147-4 146-148 MHz 4EL Beam.14.50 Model 3002W Universal Hybrid Coupler Phone 

A147-11 146-148 MHz 11EL Beam.23.95 Patch with built-in compreamp. The best of 

A147-22 146-148 MHz 22EL Beam.68.50 all phone patches.112.50 

AFM-4C J Pole 144-148 MHz .52.50 CC50 Dipole Antenna Center Coaxial Cable 

ARX-2 Ringo Ranger 135-170 MHz .26.50 Connectors used to make strong connection 

ARX-2K Converts AR-2 Ringo to ARX-2 between coaxial feed line and center of dipole 

Ringo Ranger.10.95 antenna .7.50 

ARX-220 Ringo Ranger 220-225 MHz . . . 26.50 Model 375 Protax Antenna Switch with auto- 
ARX-450 Ringo Ranger 435-450 MHz . . . 26.50 matic grounding 6 position rear mounted 

A50-5 50 MHz 5EL Beam.38.50 SO-239 connectors.18.50 

- Model 376, same as above 5 position side 

MINI PRODUCTS mounted S-239 connectors.18.50 

Model 370-10 Window Mounted Antenna, 57" 
HQ-1 Hybrid Quad. 4 band 6, 10, 15 and 20 extended, 23" retracted, 20, 15, 10, 6, 2 and 
meters, element length 11 ft., boom 4’A ft., CB bands rate d 360 Watts PEP, VSWR 1.1:1, 

Tuning Radius 6'2", Wt. 15 lbs.. Power ideal for apartments, trailers, boats, motels. 

Rating 1200 W PEP. Ideal for small area 94.50 etc .29.95 

C-4 Coaxial Vertical Antenna 6, 10, 15 and 20 - 

meters. Height 1154 ft., Wt. 8 lbs.. 1200 W MICROPHONES 

p E p .42.50 Shure 444 SSB Desk Microphone, with off-on 

B-24 Two Element Beam Antenna 6, 10, 15 and vox switch. Perfect audio match to any 

20 meters. 1200 W PEP F/B 6-8dB, Length 11 amateur transceiver .$ 32.50 

ft.. Boom 5 ft.. Turning Radius 6% ft., Wt. 13 Drake 7075 Desk Top Microphone for use with 

lbs.69.95 all Drake equipment.39.00 

RK-3 Adds Third Element to B-24 beam to give Drake 7072 Hand-Held Microphone .19.00 

gain of 3dB.42.50 Shure 444T SSB Desk Microphone with off-on 

We pay shipping via U.P.S. or best way on all above ^ SW " Ch ' ^ bUll, ' ,n translstorl2e ^ 


BARKER & WILLIAMSON 


RK-3 Adds Third Element to B-24 beam to give Drake 7072 Ham 

gain of 3dB.42.50 Shure 444T SSI 

— -——!-. -—-„ 7“ VOX switch. 


We pay shipping via U.P.S. or best way on all above I ' 42 , 

advertised items. Satisfaction guaranteed. All orders |. . 

expertly handled to assure safe arrival. We accept Master Charge. N.C. Residents add 4% Sales Tax. 

— _ Phone Bill Step - 704-524-7519 

P.O. Box 100, Highway 441 - Dept. 73, Otto NC 28763 

Electronics Co¬ 
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Put Your SB-10 
on 160m 


H aving two Hcathkit SB-10 sideband 
adaptors for use with my Apache, I 
converted one to 160 meters for use bare¬ 
foot or with my Apache final. There is at the 
input of the SB-10 a pair of 45 degree phase 
shift networks, providing a total of 90 
degrees rf phase shift. Each consists of a 
series of exact value capacitors (one for each 
band), and a Zi percent 50 Ohm resistor. 

I used the 80 meter position of the 
bandswitch for the 160 meter conversion, as 
that provides the most inductance in each 
tank circuit. The value of the 160 meter 
phase shift capacitors was determined in the 
following manner: First a graph was made of 
the provided phase shift capacitor’s values 
versus frequency. Then I extrapolated the 
graph to get an approximate value for the 
capacitor for 1.8 MHz. It turned out to be 
1200 pF. I then purchased a pair of 383 pF 
capacitors which when added to the existing 
817 pF 80 meter capacitors provided 1200 
pF each. 

The various tank circuits were padded to 
160 meters as follows: 120 pF was added 
across each section of the dual 50 pF 
balanced modulator lank variable, 36 pF was 
placed across the 80 meter coil in the 6CL6 
tank, and 150 pF was placed in parallel with 
the 6BQ5 tank variable. 

With the balanced modulators un¬ 
balanced, about 2.5W of 160 meter input 
yielded over 5W ol output. Sideband 


by 

Arthur Eckman WA2ECI 
11 Fort George Hill 
New York City NY 10040 

suppression was about 30 dB at a frequency 
of 1.880 MHz, plus or minus 5 kHz. 

Desiring to use the SB-10 at frequencies 
below 1.850 MHz, I determined a more 
appropriate value for the 1200 pF phase 
shift capacitors. Using the slope of the graph 
at 1.8 MHz, I calculated I would require 
1240 pF capacitors. With these capacitors in 
the circuit maximum suppression was at 
1.825 MHz. 

Normal operation can be restored on 
other bands simply by removing all padding 
capacitors. 

I drive my 160 meter SB-10 with a hastily 
built novice special from the Handbook, To 
use the Apache pi network on 160 meters, 
place the bandswitch in the 80 meter 
position, and add the capacitors shown in 
Fig. 1. Put 730 pF at 2000 volts in parallel 
with the plate tuning variable capacitor and 
3150 pF in parallel with the loading 
capacitor. The capacitors used for the phase 
shift network can be obtained for $2 apiece 
from: Leeds Radio Co., 57 Warren Street, 

New York NY 10007. ■ 
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WH6DBF- 
KIOXK - W6LZJ 

where it 
it got 
just knows 


Who 


that suddenly then 


this desire to communi¬ 
cate by amateur radio. I 
suppose watching my 
father building that Hark- 
ness two tube reflex and 
later as he assembled the 
parts to our first Atwater 
Kent on the "bread¬ 
board." the "bug," as it 
* called, bit me! I 


had 


coils and putting together 

crystal sets for the boys 

down the street. (Early 

1920s.) 

Certainly, I shall never 
forget the day I completed 
the "Junk Box Short 
Wave Receiver" as per 
the instructions in Radio 
News Magazine. It had 


binding plug-in coils wound on the 


Stability. 

That's what you get from Sentry crystals. 

The best frequency stability you’ll find anywhere. 
Because Sentry crystals are made of the finest quartz to 
the latest state-of-the-art specifications. 

And since Sentry has the largest semi-processed 
crystal bank in the world, we can custom-make crystals 
for any rig. And frequency. Faster than anyone else 
in the business. 

Sentry gold-plated crystals are for long term 
reliability. Our order processing is quick and 
efficient. And we stand behind our work. With 
solid guarantees. 

So send for our free catalog. And place , 
your next order with Sentry. You can 

depend on us. - 

Sentry Manufacturing Company. 

Crystal Park, Chickasha, Oklahoma 73018. 

Phone: (405) 224-6780, 


TWX-910-830-6425. 

Sentry 

Manufacturing Company 

Tuned-In to Quality. 




Sentry Manufacturing Co. 
I Crystal Park 
’ Chickasha. Okla. 73018 


Please send me your FREE 1976 Sentry Catalog 
RIGHT AWAY! 


| Name 

■ Street 

rim- 


base of old radio tubes: 
some of the coils being 
somewhat longer were 
wound on toilet paper 
cores and then glued to 
the tube bases. Carefully, 

I hooked up the batteries 
and turned on the filament 
switch. It worked! I shall 
always remember that 
British accent as the 
announcer said. "This is 
CSD, Chelmsford, Eng 

land.the pride of the 

British Empire " (Late 
1920s.) 

My first transmitter was 
a 20 A operating just in 
the high end of the 
broadcast band I tucked 
the telephone type carbon 
mike inside the horn of the 
Edison phonograph, and 
cautioning one of my 
brothers to keep the 
spring wound and the 
record playing, I hopped 
on my bike and off I went 
to my grandmother's 
house, about three miles 
away. Lo and behold I 
found it on her Atwater 
Kent Radio. The Dance of 
the Hours was not loud 
but to my ears it sounded 
just great. Wonder if they 
had an FCC in those days 
and if they did would they 
have taken me in? If not, 
would what I have told you 
here be a case for a 
retroactive hustler? 

From the day I was able 
to hear Hersh Calvert and 
the hams of Pasadena on 
my junkbox radio, I knew 
that some day I would be a 
ham too. A friend of mine 
at John Marshall Jr High 
School by the name of 
Harry Grace was a ham 
radio operator and showed 
me his station. However, 
he only operated on CW 
so that as I did not know 
the code well enough to 
copy, I was not greatly 
impressed with Harry's 
station Later I was to be 
permitted to speak into 
the mike at Dow's Radio 
Store on Colorado Street 
in Pasadena Dow had his 
big rig just inside the front 






window in those days. I 
joined his ham radio class 
but I just didn't learn the 
code fast enough. 

The day World War II 
ended I stopped at a 
drive-in in San Clemente 
to get a cup of coffee. 
There I met a ham whose 
call I've since forgotten 
but I caught the bug again 
from him. Somehow I 
acquired a beautiful Scott 
or McMurdo Silver Radio 
in a chrome or nickel 
plated cabinet. How that 
cabinet shone when pol¬ 
ished; you could see to run 
the comb through the 
locks (in those days I had 
hair). It was there that I 
learned to light up a 
defective flourescent lamp 
with the rf generated by a 
low power oscillator. 

One of the lads in our 
Rotary Club High School 
Youth Group by the name 
of Ted Casad showed an 
interest in studying for his 
ham ticket. So thinking 
that I too would get mine, 

I worked with him through 
the hours of sending and 
receiving code and study¬ 
ing the theory. When we 
went to the FCC offices in 
San Diego, Ted passed the 
code test, I flunked. Ted 
became W6AMP. How 
appropriate after all that 
study.. to get AMP. 

When we moved to 
Honolulu, Hawaii and St. 
Peter's Parish I purchased 
an Hallicrafters SX-28 and 
listened to the hams 
whose ranks I still longed 
to join. I became acquaint¬ 
ed with KH6BFF "Baker, 
l ox, Fox." Is there a ham 
who hasn't worked 
Smitty? He has handled 
traffic for and in and out of 
the Islands before, during 
and after the war. When¬ 
ever Smitty signed his call 
to end a QSO, there'd be 
another call waiting, usu¬ 
ally requesting a phone 
patch into the Islands. 
Smitty is as hospitable in 
person as he is on the air. 
You would never know 


that he has a sight 
handicap unless you were 
to visit him. 

One clay while visiting 
the Mental Hospital on 
the windward side of the 
Island of Oahu, I noticed a 
fine beam antenna riding 
high on a tower. I rang the 
doorbell wondering what I 
might say as an excuse for 


stopping. The greeting I 
received quickly dispelled 
my misgivings and soon I 
was looking at a ham radio 
station shared by Bernie 
and Kayla Bloom (who 
later became editor of 73). 
I learned that since Bernie 
was a psychiatrist on duty 
at the hospital most of the 
day, Kayla was able to 


take advantage of the 
band openings which W'ere 
very good in those days. . 
1958 - 1959! Kayla had a 
contest going with Bernie 
and the results were 
depicted on a huge map 
displayed on one wall of 
the shack. There were two 
colors about evenly divid¬ 
ed around the world as the 
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1C sockets may be assorted for quantity 
discounts. 1 to 9 pcs. NET, 10 to 24 pcs. 
LESS 5%, 25 to 99 LESS 10%, 100 to 
499 LESS 20%. WRITE FOR LARGE 
QUANTITY QUOTATIONS, D.I.P. plugs 
and covers also available. 


MINIATURE 

THUMBWHEEL 

SWITCHES 


BCD ONLY.$2.50 

COMPLIMENT ONLY. 2.75 

BCD & COMPLIMENT. 4.00 

DECIMAL. 2.50 

END PLATES (PAIR).50 

HALF BLANK BODY.40 

FULL BLANK BODY.40 

DIVIDER PLATE.40 


MINIATURE SIZE 0.315 X 1.3 X 
1.78 

All switches are black with white 
Figures and snap-in front mounting. 



VISI T US WHEN IN ST. LOUIS OR DENVER 


^vc^_HR-2B gives 
a lot to talk over 



American Made Quality at Import Price 


Full 12 Channel, 15 Watts 
with HI/LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 
performance. The 12 transmit channels 
have individual trimmer capacitors 
for optimum workability in point- 
to-point repeater applications. 
Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 
and 3 watts of audio output 
make for pleasant, reliable listening. 

And the compact package is 
matched by its price. 


Amateur Net 


«^C±f_ELECTRONICS, INC. 
7707 Records Street 
Indianapolis, Indiana 46226 

An FM Model For Every Purpose .. . 
Every Purse 






















pins represented their DX 
contacts I was invited by 
Kayla to visit the HARC, 
The Honolulu Amateur 
Radio Club, which met at 
one of the U S. Army- 
Forts out at the end of one 
of the buslines from town 
It was dark there at night 
and not easy to reach after 


hours. Later I was to be 
the instrument by which 
the board of directors of 
the club were to be 
persuaded to move the 
club meeting place to the 
parish house of St. Peter's 
Church. 

Fate had finally smiled 
upon me! One of the 


clergy stationed out at 
Wiamanalo Beach, Lamar 
Speiers, was a ham radio 
operator. I met Lamar and 
through his assistance and 
guidance learned the 
code, the theory and 
studied once again for that 
so elusive ham ticket. Yes, 
I finally passed the exam¬ 


ATTENTION METRUM II 
OWNERS 


V47VGLMRD has a high quality 
synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 

For complete details and photo 
see our half-page ad in this maga- 
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ination! While waiting for 
the call to arrive. 1 met a 
ham who was going to get 
married and whose fi¬ 
ancee wanted him to give 
up ham radio, first! He 
had two Heath Kit rigs for 
sale. One the DX-35, the 
other the Apache I 
bought both in my enthus¬ 
iasm. Neither was in 
working condition so that 
when my ticket arrived 
one really gorgeous day in 
December of 1958, I got 
that DX-35 out on the floor 
and compared it with the 
wiring diagram (yes, for¬ 
tunately it came with the 
rig). Ah, there it was, one 
of the wafers of the band 
switch had a broken or 
missing contact. I install¬ 
ed a SPST toggle switch in 
such a manner that when I 
reached into the cabinet 
by sticking a lead pencil 
(eraser-end-first) through 
a tiny hole in the rear of 
the set, I could just throw 
that switch. It connected 
an rf bypass condenser to 
ground...or did it? 

By noon of the day my 
call, WH6DBF, arrived I 
was on the air calling 
•CQ, CQ, CQ, de 
WH6DBF, WH6DBF, 
WH6DBF k." I was an¬ 
swered immediately by a 
ham in Pearl City out by 
Pearl Harbor. 40 meters 
was working! 

I ordered a custom 3 
element monoband for 15 
meters It was made for 
me by an antenna manu¬ 
facturer in Honolulu. Fi¬ 
nally, one Saturday after¬ 
noon, one of my congrega¬ 
tion, David Chang (also a 
ham radio operator, 
though not active at the 
time), Smittv KH6BFF 
and other ham radio 
operators in town con¬ 
verged on St Peter's 
Church and helped me 
install the beam atop a 
rotor and mat on the roof 
of the rectory 

I am afraid I spent more 
hours that first year than I 
should have in CW QSOs 




around the world. My 
goal: to get that General 
ticket before the Novice 
ticket expired. 

In August, 1959, I was 
invited by KH6CUP, the 
president of Precision 
Electronics (my favorite 
ham store in Honolulu) to 
man a Novice booth at the 
1959 ARRL Convention 
held in the Kaiser Hotel 
Building. I won only one 
contest in my life and that 
was during the conven¬ 
tion; I was given a set of 
crystal earphones as a 
prize for having the most 
verified DX QSLs in the 
Novice class. I still have 
those lightweight "cans." 

The definition for privi¬ 
lege in the American 
Heritage Dictionary here 
at my desk is: "...benefit 
enjoyed by an individual 
or class." I like that! How 
better can one describe 
the thrill that goes with 
passing on to others the 
know-how of ham radio? It 
is definitely my privilege 
as a radio amateur to give 
to men and women who 
are interested the oppor¬ 
tunity to become licensed 
amateurs. Just as soon as 
I was oriented as a Novice, 
the station operating, the 
antenna trimmed and set, 
my QSL cards printed and 
the ink scarcely dry...I 
was organizing a class for 
Novices and Generals. 
David Chang of my con¬ 
gregation who did so 
much to assist me in 
Honolulu took the class for 
Generals; I took the Nov¬ 
ices. 

If you ever get the 
chance to visit the HARC 
in Honolulu, do so! I have 
never seen a more ded¬ 
icated group of men and 
women, boys and girls as 
constituted the Honolulu 
Radio Club. Hams came 
from the other islands to 
make the meetings. 
Young people sat up front 
busy taking notes while 
the speaker for the even¬ 
ing told us of the mys¬ 


teries of skin effect and 
the ins and outs of swr. 
After the serious part of 
the evening was over, 
there was a big drawing 
for the many door prizes, 
a chance to swap one's 
"goodies" for someone 
else’s. The refreshments 
were often homemade and 


donated by one of the YLs, 
or are they Female Radio 
Persons these days? I 
loved them all. 

Suddenly, it was all 
over! We packed all our 
earthly goods in a sea van 
including the ham radio 
gear. I made a presenta¬ 
tion of the 15 meter beam 


to a friendly young Novice 
in Honolulu. We sold our 
Wurlitzer 2-manual spinet 
to another ham friend, 
KH60ES, and embarked 
for Boston, Mass. 

The night of December 
1959 when my Novice 
ticket expired, I sat up 
until midnight wishing 


DUPLEXER KITS 



MOD. 62-1 6 CAVITY 135-165 MHz POWER 
250W ISOLATION GREATER THAN 
lOOdB 600 KHz. INSERTION LOSS .9 dB 
MIN, TEMP STABLE OVER WIDE RANGE 

PRICE $349.00 

MOD. 42-1 4 CAVITY SAME AS 6 CAVITY EX¬ 
CEPT ISOLATION GREATER THAN 80 dB 
600 kHz INSERTION LOSS .6 dB MAX 

PRICE $249.00 

OTHER KITS SOON TO BE AVAILABLE 
146 to 148 MHz bind pm fitter. 1296 * 2304 Interdig,HI Mil ers 
144 to 450 MHz 250w lube imp. 130 to 170 MHz notch filter kit 

TUFTS S^joJJectron ics 


500 MHZ SCALER MODULE 



Only 1.55x 1.65 x.4 inches 

Fits right into existing equipment 
High sensitivity: 35 mv, at 500 MHz 
15 mv, at 150 MHz 
Input impedance: 50 Ohms 
Requires 12 to 15 V dc at 100 mA 

TTL compatible output F||q/10 
Overload protected 

PS-M prescaler module wired & tested 
$ 99.00 plus $.85 shipping 

WRITE FOR DATA ON ENTIRE LINE OF 
PRESCALERS 

All orders please add $.85 for shipping Calif, 
residents add 6% sales tax 

LEW ASSHHTAfES 

P.O. Box 961, Temple City, CA 91780 
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WE GOT 'EM - 

ATLAS, COLLINS, DRAKE, 
SWAN, YAESU, TEMPO and many 
more in stock. Good selection of 
used equipment, antennas and 
accessories. Quick courteous ser- 

Serving amateurs since 1928 
Come visit us in "The Land of the Sky" 
Master Charge BankAmericard 
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that I had a rig for a last 
CW 7 i I had tried all over 
Boston to find one ham 
who had a Novice rig he 
might let me borrow for 
that last night It wasn't to 
be Perhaps, however, it 
became a spur to go on for 
the General I learned that 
one could study for a ham 


ticket at MIT in Cam¬ 
bridge, Massachusetts. It 
was there that I met Bill 
and Marie Welch; it was 
there that I took the 
Technician test and then 
dropped out because of 
the press of church activ¬ 
ities in Boston's South 
End. I was stationed then 


at St. Stephen's innercity 
mission. 

When KIOXK came 
through the mail, I bought 
a Gonset Communicator 3 
I met hams all over the 
state, I joined the Six 
Meter Mobileers and the 
51.30 Club which met on 
the air every night to chat 


and once a week for 
business at 51.30 MHz 
(only it was MCs in those 
days). The social affairs of 
the fifty-one-thirty club 
were great. I still miss the 
contacts I made on six 
meters. They were gentle¬ 
men and ladies all 

It was through a contact 
on six meters that I met 
Joel Nichols K1MUE I 
was later to be asked to 
join that confirmed bach¬ 
elor in Holy Wedlock with 
the widow of another ham 
friend of mine. Joel and 
Gladys were married in 
the home of K1KQJ, Karl 
Miles, the friend of every 
six meter operator within 
working distance of his 
hilltop home in Wilton, 
New Hampshire. 

Our first Vicarage in 
South End Boston was two 
doors from the New 
Haven railroad line. If I 
happened to be on the air 
when the train came by, I 
took a bit of ribbing from 
my friends in the QSO. 
"Why don't you get off 
the track and let that train 
go by?" "Is your shack 
built over the tracks?" In 
the second Vicarage we 
were ensconced in a 
former hotel for women 
provided the church by 
the YWCA. The shack was 
in a corner room on the 
fourth floor, Ed, from 
"the garden spot at 
Scituate on the south 
shore" helped me get the 
six element Hy Cain beam 
installed. You would have 
appreciated the stir we 
caused when Ed decided 
we didn't have to dis¬ 
assemble the beam when 
it came down from the 
roof of the small four story 
tenement by the New 
Haven tracks. Tied to a 
rope and dangled over the 
edge of the root, the 
antenna was lowered 
slowly to the front walk 
Ed took one end and I the 
other and with 20' of boom 
and all the elements intact 
we began walking the G 


—You KNOW v ou need QSLs l~ 
Get some you can be proud of. 



and-save money! 

ONL Y $6 for 250, $10 for 500, $15 for 1,000, and $20 for 2,000. 

How can 73 make such beautiful cards, printed on the best coated 
stock, available for about half the regular cost? Our business is 73 
Magazine and Q$Ls just help keep things going during slack days of the 
month. We do this at cost just to keep busy — you get the benefit. How 
many shacks have your Q3L card proudly on display? 
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of a mile that led to the 
new QTH. Traffic, both 
mobile and pedestrian 
stopped to gander at this 
contraption with many 
arms and four legs man¬ 
euvering down the walk. 
"What is it?” 

It seemed appropriate 
at the time to respond 
with: "It's a TV antenna 
for getting stations from 
out of state!” I'm sure 
many thought that that 
was just what it was. 

One hears a great deal 
of conversation about 
hams who stay on six and 
two meters, content to 
operate with Technician 
class licenses. Certainly 
there is much to be said 
for doing so; I enjoyed 
those years beyond any¬ 
thing I can now tell you. 
Friendly QSOs every 
evening I was free to 
operate. Volunteers when 
needed to help install 
another new beam or to 
repair an old one were 
available as close as the 
microphone on my rig. DX 
was just as thrilling on six 
meter skip and when 
working the aurora as it 
had even been on the low 
bands. 

You might wonder then 
why it was that I even 
bothered to go for the 
General ticket. I remem¬ 
bered Bill Welsh's ad¬ 
monition: "Don't get 
stuck on six meters...go 
for your General!” 

I had only tried once to 
pass that insurmountable 
hurdle and that had been 
in Honolulu. I was at that 
time more concerned 
about passing the theory 
than I was about the CVV 
test. After all, I was in CW 
QSOs at some time of 
every day — working 
actually around the world. 
For every DX contact I 
would answer requests for 
contacts from California 
and every other state in 
the Union. You know what 
happened, of course! I 
flunked the code test! All 


the numerals sounded like 
Js and Zs! 

In 1964 we moved to 
Andover and took a parish 
in Lawrence, Massachu¬ 
setts. Here I had the use 
of a rectory, a ranch style 
house with a full base¬ 
ment. One corner of the 
basement had been parti¬ 


tioned off as a den. It was 
here that I set up the six 
and two meter rigs. By 
this time we had disposed 
of the Gonset 3, pur¬ 
chased and used for 
some time a Gonset G-50, 
and now owned a Clegg 
Zeus and Interceptor for 
six and two meters. Short¬ 


ly after moving to An¬ 
dover I arranged to spend 
a few hours each day 
copying the code tape on a 
government surplus 
machine. Finally, with 
new confidence in my 
code speed and accuracy I 
thought I was ready to go 
before the FCC examiner. 
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I made arrangements to the last one to be allowed must have missed some- 
take the General examina- to "send" the code after thing, and took another 
tion at the New England passing the receiving test, look before turning in my 
Ham lest in the New Thus, as I recall, among test. You know what a 
Ocean House Hotel in the last to enter the other thrill it was...when I came 
Swampscott. My friends room where the test for back and read my name 
cautioned me that it would the theory was being up near the top of the list 
be harder there due to the administered. I finished of those who had passed! 
contusion and noise. I was so soon that I thought I Now, it was a whole 

GET THE GARBAGE OUT 
OF YOUR REPEATER 



WITH A SWIVETEK DUPLEXER 


SEE THE MICROPLEXERS 
AT YOUR DEALERS - OR CALL OR WRITE 
FOR OUR FREE CATALOG OF 
DUPLEXERS, FILTERS AND HELICAL RESONATORS 


IN DETROIT YOUR DEALER IS AUDIOLAND 


@SwivefeR 

105 No. Amphlett Blvd. San Mateo, CA 94401 (415) 348-3858 


new ball game; only a ham 
who has been on six 
meters or two with no 
hope of working the low 
bands can know how 
difficult it is to get into a 
good CW contact on a 
regular basis. I had missed 
those CW QSOs in the 
Novice portion of 15 
meters...a window wide 
open to all the world with 
a vast view of all the 
continents and many ships 
and islands in the seven 

One half of my shack 
now became a low band 
station with "my poor 
man's Collins: the SX 117 
and the HT 44, matching 
units by Hallicrafters." 
The rectory yard on the 
west side now became a 
small antenna farm. In¬ 
verted Vees for 80 and 40 
meters, a 2 element Hy 
Cain beam for 10, 15 and 
20 meters, and stacked six 
and two meter beams. I've 
never had it so good since! 

Here in Long Beach, 
California, we live in an 
apartment, and while our 
landlord is a former ham, 
there really isn't much 
room for a satisfactory 
antenna installation. I live 
in hope; if any K or W6 
reads this sad tale, and 
wants to make a fellow 
ham happy in his "old 
age," please drop by and 
let’s see if we can’t put up 
an antenna that will at 
least work Honolulu. I 
hate to think that I will 
have to move back to New 
England to get on the air 
again. Still it wouldn't be 
such a bad idea; I'd like to 
see and talk to my many 
friends back there once 
again. One more reason 
for having an antenna that 
works at my present QTH! 

By the very nature of 
my profession I meet 
many people of all ages 
and races. But if I had to 
choose a hobby to take the 
place of ham radio, I'd be 
lost. Nothing I can think of 
takes the place of amateur 



radio, I sincerely hope 
that in the years to come 
every generation of young 
people will be encouraged 
to become amateur radio 
operators and to use their 
talents to communicate 
across the seas and per¬ 
haps some day throughout 
our solar system or be¬ 
yond 

Once a year in the early 
tall when the resort rates 
fall to levels a ham could 
afford to take advantage 
of, a group of six and two 
meter hams used to get 
together for a weekend of 
food, fun and fellowship. 
A fine supper around a 
large table, a speaker or 
just table conversation 
during the evening and 
then the next morning 
after early coffee together 
we'd go somewhere for 
breakfast. Our genial host 
for those Friday night 
affairs was Jim K1VPE of 
Moody Beach, Maine. His 
XYL Betty would have 
everything all set and 
ready for us when we 
arrived. Jim would open 
up his private den (like a 
small night club with 
tables and spectacular 
paper on the wall...and a 
dandy bar) to our small 
group. One of the rare 
treats that were a bonus of 
those weekend retreats 
was to awaken early and 
walking upon the beach 
see a Canadian goose land 
on the sand nearby. What 
a proud bird they are. No 
prouder bird than that 
ham who for the first time 
opens the envelope and 
removes his FCC ticket to 
the airways. No prouder 
member of the human 
species than that ham who 
having built his first rig, 
turns it on and it works! 
No happier ham in all the 
world than the operator 
who having called his first 
CQ hears his call com¬ 
ing back from another 
station down the street 
or from across the world 
it's all the same! 


I know I could write a 
book about the fun and 
people I've met in ham 
radio There just isn't 
room in 73 Magazine for 
it, but I am pleased that I 
had this opportunity to 
share some of it with you. 
If any of those fellows I've 


had the pleasure of help¬ 
ing to get their tickets 
should read this, I certain¬ 
ly would like to hear from 
them. Where they are 
living, what sort of a rig 
they're running and 
what's new with them 
since we last talked 


If you are not a ham and 
are looking for a way to 
make lasting friendships 
and a hobby that's endu¬ 
ing, write me or visit with 
your nearest ham and go 
with him to a ham radio 
club. You'll be glad you 
did! ■ 
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2 METER SSB/CW 


• Echo II 2 meter SSB/CW transceiver 

• 10 Watts PEP output 

• Complete with microphone, two 
power cords & mobile mounting 


bracket 


2 METER Cl RCULAR POLARITY 

• Great for OSCAR, FM, AM and SSB 

• Gain 9.5 dbd 

• Complete with harness and 
balun . .. ready for 50 Ohm feedline 


$389.00 


Options now available for ECHO II 

• USB/LSB mod kit for reception of 
OSCAR 7 mode B 2 mtr downlink 

• LOW NOISE (2.5db nf typ.) preamp 


$54.95 


WINNER 1975 UHF WEST COAST 
ANTENNA CONTEST 
NEW. .. KLM 432-16 LB 15 dbd 16 
ele. yagi for 430-434 MHz complete 
with balun 


$45.95 


:lm. 


ELECTRON ICS 

1600 Decker Avenue, San Martin CA 95046 (408) 683-4240/226-1780 
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Maintenance Musts 


Anyone who holds an 
amateur license of Tech¬ 
nician or higher, or a first 
or second class radio¬ 
telephone license, should 
be capable of performing 
repairs and maintenance 
to his own, or almost any, 
equipment. The FCC, by 
issuing the license, has 
certified the holder as 


Isn’t it time you 
had another 
choice in 
electronic kits? 

Introducing... 
the other 
choices: 



164 kits offering better value, 
greater choice than any other 
kits available today. For free 
catalog, write: 

(its Ltd. 
3th St., 
Y. 10011 
55-23 62 


Amtroncraft h 
1 West u 
New York, N. 
( 212 ) 2 £ 



being competent. The li¬ 
censee should be able to 
prove it 

In fifteen years of 
commercial broadcast ex¬ 
perience, I have only 
needed to ask outside help 
two or three times. Of 
course, in a number of 
situations, there was 
another engineer working 
with me on a proiect, and 
two heads are better than 
one; but more often than 
not the broadcast engi¬ 
neer, as well as the 
amateur, is on his own. 
Using common sense and 
remembering his theory 
will solve almost any 
problem that comes up. 

Most troubles that hap¬ 
pen can be listed in six 
categories. Arranged from 
the simple to the complex; 

1. Tube troubles. 

2. Power supply troubles. 

a. Plug it in 

b. Blown fuse 

3 Misadjusted circuits or 
controls. 

4. Dirty contacts or 
controls. 

5. Loose or broken con¬ 
nections or wires. 

6. Deteriorated com¬ 
ponents. 

Tube troubles happen 
most often and are rela¬ 
tively easy to correct. 
First, look to see if all the 
filaments are on. Simple 
as this sounds, there are 
many people who don't do 
it. Find out which circuit 
doesn’t work and substi¬ 
tute tubes in it; or better 
yet, check them all in the 
tube tester. One of the 
first things I bought when 
I established my amateur 
station was a reputable 
tube tester. The Eico 667 
comes in kit form, is 
priced right, gives a valid 
test, and has instructions 
on how to set up for new 
tube types An adaptor is 
available for testing older 
tubes in case you run 
across an 83 or something, 
a magnoval and ten-pin 
adaptor are also available 



This unit comes with a 
pilot light checker in the 
novar socket I replaced 
the socket (30 cents or so) 
because many novars 
have the air seal at the 
bottom, and this prevent¬ 
ed the tube from being 
inserted in the socket 
(Pilot lights can be check¬ 
ed from the grid cap to 
ground ) 

It is a wise practice to 
throw away weak or 
burned-out tubes. It is 
also wise practice to keep 
a spare or two around just 
in case you lose a tube at 
510 pm Friday and your 
friendly parts house won't 
lx* open until 9:00 am 
Monday I keep at least 
one spare for every tube 
type, or if more than six 
are in use, at least two 
spares. For finals, I keep 
two so that they will be 
both of the same approxi¬ 
mate age in case of being 
changed Tubes don't cost 
so much that the smaller 
receiving-types can't be 
kept on hand. The popular 
6146 is relatively inexpen¬ 
sive, although a 4-1000A 
is a different story. 

From experience, most 
power supply troubles are 
caused by something not 
plugged in, like the ac 
cord, or a more exotic 
example, the rectifier 
plate cap is not connected. 
Look for dirt on the plate 
cap. It goes without say¬ 
ing to look at the fuse 
early in the game; I 
learned this one the hard 
way once. 

Most amateurs should 
be able to locate misad- 
justed circuits or controls. 
Tanks may not be at 
resonance Neutralization 
may not be correct Bias 
or drive may not be 
proper A good VTVM and 
VOM are worth their 
weight in Extra Class 
licenses at this point. I 
have one of each Eico and 
Heath make excellent kits, 
or you can go full blast 


and get a Hickok or 
Triplett After building 
my kit, I sent it to the 
repair station for calibra¬ 
tion since I also use it in 
broadcast work. Not 
having a voltage standard 
available, and not relying 
on the power company's 
105-130 volt source, the $5 
was well spent. With 
these units standardized. 


you can calibrate other 
equipment against them 
At one broadcast sta¬ 
tion, the FCC required the 
power to be reduced at 
local sunset. This was 
easily done by operating a 
switch marked 1000- 
250" on the transmitter 
One operator somehow 
got confused and operated 
the control marked "Buf¬ 


fer Tunmg ' This took out 
two 807s and a fuse. 

Dirty contacts are re¬ 
sponsible for many things 
misfunctioning but can be 
difficult to find A regular 
program of squirting con¬ 
tact cleaner (don't use 
carbon tet) into all rotary 
and lever switches and 
into all relay contacts will 
make troubleshooting ex- 
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peditions as rare as a 
contact with Tibet A 
contact burnishing tool is 
quite useful, but please 
don't use a nail file One 
way I have used to locate 
the more exotic problems 
of this nature is to put an 
audio tone (I like 400 Hz) 
on the line in question and 
trace the signal with a 
scope. With a scope you 


can tell the frequency of 
the signal, whether any 
attenuation has acted on 
it, or amplification; you 
can see extreme distor¬ 
tion, and if there is no 
signal where there should 
be, you know the circuit is 
open. 

One broadcast station 
had several clip leads 
connecting various parts 


of the audio console. 
When rewiring the control 
room, I removed the leads 
and found one of the 
output channels didn't 
work Using the sig¬ 
nal generator-and-scope 
method, working back 
from the output, I found 
the signal was blocked by 
DIRTY SWITCH CON¬ 
TACTS. Somebody had 


used these leads to bypass 
the switch instead of 
squirting the cleaner into 
the contacts 

Loose or broken connec¬ 
tions can be braincrack- 
ers, especially the inter¬ 
mittent type. After dis¬ 
connecting the ac and 
grounding all filter capaci¬ 
tors and high voltage 
points, pull and shake 
every wire you can find. 
Using an ohmmeter can 
show high resistance con¬ 
nections that shouldn't 
exist. After using the 
equipment, and removing 
all voltages, look for warm 
places (current thru high 
resistance means heat). 
Of course, if smoke comes 
out, you can find it right 
away. Check all connec¬ 
tions against the diagram; 
check all socket voltages 
and resistances. In one 
commercial transmitter I 
found a missing ground 
wire on a meter switch 
rendering two positions 
inoperative. My own 
scope stopped working 
once; a filament lead 
rubbed where it went 
around a corner, shorting 
to ground, hence no 
filament voltage. Find out 
which sections work OK 
and which don't. Modern 
plug-in transistorized 
modular construction is 
wonderful. Pull out the 
defective board and plug 
in one that works, then do 
the maintenance at your 
leisure. 

The operators at a 
broadcast station once 
told me the transmitter 
would turn itself off and 
they'd have trouble get¬ 
ting it back on. I figured 
they were running it 
wrong since I never had 
the trouble. One night, 
during routine mainten¬ 
ance, I couldn't get it to go 
on either After three 
hours of pulling, pushing, 
kicking, tapping, etc., I 
saw an arc in the output 
section. The trouble was 
in a variable inductor — 


NEW CODE SYSTEM 

Now you can learn the code in a fraction of the lime it 
used to take! 

four speeds 
available 

Plays on any cassette player so you can 
practice anywhere anytime! 



5 WPM This is the beginning tape for 
people who do not know the code at all. It takes 
through the 26 letters, 10 numbers and 


• confidenc 






14 WPM Code groups again, at a h 

starts sending you plain language at only 
)u need this extra margin to overcome tti 


1 thank heavens you had this 

ONLY $3.95! 7. 


6 WPM This is the practice tape to 
Novice and Technician licenses. It is made i 
one solid hour of code, sent at the official FCC 
standard (no other tape we’ve heard uses 
standards, so many people flunk the code when 
they are suddenly - under pressure - faced 
characters sent at 13 wpm and spaced for 5 v 
1 This tape is not memorizable, unlike the zany 5 
3 w*>m tape, since the code groups are en 
f random characters sent in groups of five. Pri 
1 this one during lunch, while in the car, anywhere 
and you’ll be more than prepared for the easy 

3 eXa, 21 WPM Code is what gets you whe 
go for the Extra Class license. It is so embarr 
1 to panic out just because you didn't pi 
t yourself with this tape. Though this is onl 
i word faster, the code groups are so difficult that 


ORDER NOW! 


73 Magazine — Peterborough NH — 03458 







the contact wheel was not 
making good contact and 
opening, and the overload 
relay turned the transmit¬ 
ter off. A very simple 
situation that took a long 
time, and a lot of luck, to 
find. 

After any equipment 
gets old enough, compon¬ 
ents will deteriorate. Cap¬ 
acitors and resistors will 
change values, insulation 
will crack and peel, phen¬ 
olic switches and circuit 
boards become brittle and 
crack, screws and bolts 
become loose and fall out, 
and all sorts of other 
mysterious things can 
happen. Often it is easier 
and cheaper to replace the 
whole unit than to repair it 
piecemeal. These printed 
circuit boards, if cracked, 
will in effect break the 
printed connections. Even 
a microscopic crack will 
open a lead. A bead of 
solder down the conductor 
will repair the break. For 
transformers and chokes, 
replacement will be ne¬ 
cessary if the voltages 
deviate excessively from 
original values. Likewise, 
resistors and capacitors 
will have to be replaced if 
they no longer do the 
proper job. The enemy of 
components is primarily 
heat and dirt. If you keep 
both at a minimum, you 
will have minimum trou¬ 
bles in later years. 

Place everything so that 
proper ventilation is as¬ 
sured — this keeps the 
heat down Generally, 
commercially-made equip¬ 
ment and kits are well 
designed to remove heat 
properly. Leave lots of 
room for circulation of air. 

Make dust covers for 
your equipment. At 
WA6CPP, the XYL is 
quite accomplished on the 
sewing machine, and 
made some plastic dust 
covers that exactly fit the 
various components, in¬ 
cluding the power supply- 


speaker units. When not 
in use, these are protected 
from the ever-present 
dust filtering in. At one 
commercial station, no¬ 
body dusted or vacuumed 
for three years before I got 
there, and the dust had 
turned to mud. Nobody 
will get mad if you use the 
vacuum cleaner to blow 


the dust out of things once 
a month or so. 

Perhaps some of these 
suggestions reflect my 
work in commercial broad¬ 
cast, but I don't think any 
of them are impractical for 
the average amateur. Af¬ 
ter all, when we have 
spent many hundreds of 
dollars and countless 


hours on our stations, we 
should take care of them 
properly. When, from 
time to time, something 
goes wrong, the license 
holder should be able to 
fix it. In some cases, you 
may have to use the land 
line to call your friend 
across town to give an 
assist, but it would be 
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Both 
Hands 
Frea 

SOLDER CIRCUIT 
BOARDS EFFORTLESSL Y 
Rotates 360° — Great for Clock Kits. 
FANTASTIC ! ! LOW LOW S7.50 
patent pending — shipped ppd. 

W. N. WELLMAN CO. 

Box 722, Fenton MO 63026 
MO residents add 204 tax 



WYOMING-UTAH 

Ranch land. Antelope, deer, elk, wild 
horses - Your "Antenna Ranch." 10 
Acres $30 down, S30 month. FREE 
info — maps - photos. Owner: Dr. 
Michael Gauthier, K6ICS 
9550 E. Gallatin Rd., Downey CA 90240 


Computer Hobbyists! 

Bargain hunt and sell via ON... LINE 
18 issues/year - S3.75 
Free sample issue 


MILITARY 

SURPLUS WANTED 

Space buys more and pays more. High¬ 
est prices ever on U.S. Military sur¬ 
plus. especially on Collins equipment 
or parts. We pay freight. Call collect 
now for our high offer. 201 440-8787. 
SPACE ELECTRONICS CO. 
div, of Military Electronics Corp. 

35 Ruta Court. S. Hackensack, N.J. 07606 


QST QST QST de K6QX 

The WORLD QSL BUREAU has moved to a 
New Address! I From now on, please send your 
cards to: 111 Farm Hill Way, Los Gatos, CA 
95030 We promise the same dedicated service 

73 ORM K6QX 

(P.S. We'll still forward your cords to 

SSTT-1 RANDOM WIRE ANTENNA TUNER 

CORRECTION 

In the article, "Updating the Heathkit 
IB-1101," in the Nov/Dec issue, there are a 
couple of mistakes. 

In Fig. 2, front wafer, V2pin 14 and V3 pin 

14 are reversed. V3 should be the top lead 

The printed circuit board in Fig. 3 has a 
mistake. The ground connection of the 7490 
should be pin 10, not pin 9 as shown. Pin 9 is 

STRETCH 

those dollars! 

We'll team up a brand new Brimstone 144 
with Touch Tone- Interface and Automatic 
Electric Pad & Enclosure, wired and ready 
to go . . . alt for only $710.00 

Nye Viking and Ten-Tec equipment available, 

*T.M. of A, T. & T. 

COMMUNICATION SPECIALTIES INC. 

97 AMSTERDAM AVENUE 

P.O.BOX 471 WARWICK, R.1.02889 
401-738-3287 
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embarrassing to me to 
send something to the 
manufacturer or repair 
station to have a broken 

wire fixed. 

One evening I was 
trying to get an auxiliary 
transmitter to work. Hav¬ 
ing just started to work at 
the station, I was getting 
everything in A-1 condi¬ 


tion, but it was impossible 
to get high voltage to that 
auxiliary. The tubes light¬ 
ed up OK, and the meter 
showed crystal current 
and buffer grid drive, but 
that was ALL. I was about 
ready to check for bias 
voltage when I thought I'd 
check the primary supply. 
Well, this rig had two 


primary supplies — 110 
volt single phase and 220 
volt three phase. Some¬ 
body pulled the breaker 
on the 220. After that, it 
worked great. Let's see, 
that's reason 2, Power 
Supply Troubles, Plug It 
In.a 
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Alarm Foil 
Antennas 

Larry Kahaner WB2NEL 
4259 Bedford Ave. 

Brooklyn NY 11229 

While in my neighbor's 
house one day explaining 
how I can phone patch her 
brother in Germany, I spied a 
newly installed alarm system. 
It was the usual type in which 
thin foil is taped around the 
window to form a closed 
circuit. When the window is 
broken, the foil circuit opens 
and the alarm sounds. The 
foil looked so pleasant and 
neat on her huge picture 
window. Since I am always 
looking for new types of 
radiators (and what ham 
isn’t?), I wondered about 
alarm foil. Indoor antennas 
are not new to me. I had 
some indoor dipoles in my 
old apartment but they 
always looked so ugly and 
had to be removed when 
guests came. Perhaps foil was 
the cosmetic answer. 

Window foil is not as easy 
to obtain as one might 
expect. It seems that the 
alarm installers want to keep 
business to themselves and 
frown on home brewing 
interlopers. I called a few 
places and they refused to sell 
it to me. This is odd because 
both Lafayette and Radio 
Shack have it in their 
catalogs. I finally got a roll 
from the man who installed 
my neighbor's alarm. A 200 
foot roll cost about three 
dollars. The tape I bought has 
a paper backing which is 
peeled away exposing a sticky 
foil. I made several tests and 
found that the tape could be 
applied to a painted wall and 
later removed without leaving 


i—2 MEIER CRYSTALS IN STOCK- 

We can ship C.O.D. either by parcel post or U.P.S. Orders can be paid by: check, 
money order, Master Charge, or BankAmericard. Orders prepaid are shipped 
postage paid. Phone orders accepted. Crystals are guaranteed for life. Crystals are all 
$5.00 each (Mass, residents add 15d tax per crystal), U.S. Funds Only 
We are authorized distributors for: Icom and Standard Communications Equip¬ 
ment (2 meter) 

Note: if you do not know type of radio, or if your radio is not listed, give fun¬ 
damental frequency, formula and loading capacitance. 

LIST OF TWO METER CRYSTALS CURRENTLY STOCKED FOR 
RADIOS LISTED BELOW: 


1*. Drake TR-22 

2*. Genave 

3*. Icom/VHF Eng. 

4*. Ken/Wilson /Tempo FMH 

5*. Regency HR-2A/HR212/Heathkit HW-202 


6». Regency HR-2B 
T. S.B.E. 

8•. Standard 146/826 
9*. Standard Horizon 


The first two numbers of the frequency are deleted for the 
non-repeti tive. Example: 146.67 receive would be listed as - 6.67R 

1. 6.01 T 9. 6.13T 17. 6.19T 25. 6.31T 33. 6.52T 41. 7.06R 49. 

2. 6.61R 10. 6.73R 18. 6.79R 26. 6.91R 34 6.52R 42. 7.69T 50. 

3. 6.04T 11. 6.145T 19. 6.22T 27. 6.34T 35. 6.94T 43. 7.09R 51. 

4 6.64R 12. 6.745R 20. 6.82R 28. 6.94R 36. 7.60T 44. 7.72T 52. 

5. 6.07T 13. 6.16T 21. 6.25T 29. 6.37T 37. 7.00R 45. 7.12R 53. 

6. 6.67R 14. 6.76R 2Z 6.85R 30. 6.97R 38. 7.63T 46. 7.75T 54. 

7.6.10T 15. 6.175T 23. 6.28T 31. 6.40T 39. 7.03R 47. 7.15R 55. 
8.6.70R 16. 6.775R 24 6.88R 32.6.46T 40. 7.66T 48. 7.78T 56. 

CRYSTALS FOR THE IC-230 SPLITS IN STOCK: 13.851111 MHz: 

BACKIN **■"- 

STOCK! 


sake of being 

7.18R 57. 7.30R 
7.81T 58. 7.93T 
7.21R 59. 7.33 R 
7.84T 60. 7.96T 
7.24R 61. 7.36R 
7.87T 62. 7.99T 
7.27R 63. 7.39R 
7.90T 


1 ICOM 


IC-22A 


Special! Only $249.95. Get 8 crystals of your 
choice for only $2.50 more with purchase of 
IC-22A. 

READY TO GO ON: 

1 94/94 3 22/82 5 52/52 

2 34/94 4 28/88 

receiver: VHF FM 

Reception Frequencies 22 channels for 144 MHz band. 144.00 to 148.00 MHz using 22 

Built-in crystal units for 5 channels. channels 

Reception System Double Superheterodyne Transistors.23 

Intermediate Frequencies 1st intermediate: 10.7 MHz FET.3 

2nd intermediate: 455 kHz 1C .3 

Sensitivity a. Better than 0.4 u v 20db quieting Diodes.16 

STORE HOURS: MON-FRI: 9 A.M.-9 P.M. SAT: 9 A.M.-6 P.M. 
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a mess. I advise against 
placing it on wallpaper. 

My house has a crown 
molding on the top perimeter 
of the room and I applied the 
tape in dipole fashion starting 
from the center. At the 
feedpoint I folded the tape 
on itself for about one inch. 
The tape exhibits great 
strength to pulling apart but 
will tear easily if twisted. 
Fold the tape at right angles 
to prevent the coax weight 
from tearing it. If you make a 
mistake or tear the tape, 
another piece overlapped will 
make a tight contact despite 
the adhesive. Check with an 
ohmmeter if you feel 
insecure. I thought of 
different methods of feeding 
and decided that the simplest 
was also the best. I used 
alligator clips from my coax. 
This would allow me to 
remove the coax without 
taking down the antenna. 
Coax climbing a white wall 
leaves much to be desired. 

With everything in place, I 
loaded up the rig. My match 
box was waiting in the wings. 
My transceiver loaded up 
easily with an swr of 1.7 to 1. 
Since my calculations were 
for the center of 20 meters, I 
peeled and cut a little off 
each end until it was 
perfectly matched for the 
center of the phone portion. I 
tuned and heard a very strong 
CQ from the Midwest. I 
answered pessimistically and 
he responded with a 57 
report. Other reports from 
that area were also 
encouraging. 

I added some tape to the 
ends and pruned it for the 
low end of the CW segment 
That afternoon I worked 2 
Gs, 1 I and 1 DK. All were 
better than 459 reports. 
Input power was 180 Watts. 
It is not necessary to add and 
subtract tape for each 
segment of the band. It is as 
broadband as any other 
dipole but I felt that any 
extra push was helpful. 

The configurations of foil 
antennas are limitless. If your 
apartment is the right size 


you might try putting a 
reflector or director on an 
opposing wall in another 
room. With a matching 
network you should be able 
to work the low bands with a 
shortened antenna. It would 
also make a great "long wire" 
for the SWL who is 
apartment bound. Even 
though the adage "the higher 
the better" still applies, if 


you live on the 29th floor of 
a 30 story apartment house, 
the working difference 
between crown molding and 
baseboard mounting will be 
minimal. And, it will be 
better hidden on the 
baseboard. Window foil is 
especially good for sealing rf 
leaks in home brew chassis. 
And I have found that a 
folded dipole of foil hidden 


on the back of a dresser 
makes a fantastic antenna for 
commercial FM reception. 

Dipoles can never compete 
with 4 element quads up 75 
feet, and indoor dipoles even 
less. But for the ham living in 
the canyons of the big city 
an indoor foil antenna can 
be the answer to never getting 
on at all.■ 



Kit of parts to build CRT display all brand 
new parts. Contains 9 inch CRT Sylvania 
9ST4716AP39 tube shield, yoke, flyback 
transformer, socket, grid cap, 20KV door 
knob capacitor. 

Complete kit, all brand new - $20.00 


COMPUTER TAPE DECK $25.00 

Cassette computer deck, w/2 servo motor drives, heads 
(no electronics). Hi speed search, 3x206 bits, less than 1 
minute. Records 1,000 characters per second. One 
cassette 300,000 characters. An unusual offer. Slightly 
used, OK, with some data. 

$25.00 ea. 5/$110.00 





POWER SUPPLY MODULE 

New, plug-in module. Plugs into AC outlet provides 12 
volts AC at 14 amp by two screw terminals. Great for 
various clocks, chargers, adding machines, etc. New 

$2.50 ea. 5/$10.00 


LASER DISCHARGE CAP ^ 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering,' linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 414 
x 914 inches. $25.00 each 5/S110.00 

TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 214 x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/S25.00 



Unused PC board with 2 nixies B-5750S mounted and pins 
terminating on PC board edge. Useful for counters, clocks, 
etc. Numerals 14 inch high, 180 volt neon. 


P.O. Box 62 

E. Lynn, Massachusetts 01904 




Walter Pinner WB4MYL 




and your BICEN¬ 
TENNIAL Callsigns are 
almost here! 

ORDER your QSL cards 
immediately to be 
have them in time. Try to be 
the first (this time) in your 
area with a special 
BICENTENNIAL QSL card. 

These cards are gorgeous - 
red. white and blue (you were 
expecting fuscia and mauve?). 

And they are 100% custom 
made ... with the exception 
of the bicentennial design and 
contact report form on the 
back ... you can have your 
own call letters (unless you'd 
rather be AC2NSD/1 for a 
year (which is no bargain, 
believe it). 

You also get your own name and address o 
another Wayne Green, which happens). 

These cards are ganged up into large batches and run off the 73 presses in 
between other work, so you don’t get real fast delivery, but you do end up with a 
fantastic QSL at a ridiculously low price (and there are a lot of fans for that sort of 
service these days). Somewhere in between producing 73 and BYTE, the staff 
manages to get QSLs set up and printed. It’s a living. 

Suggestion: order today, right now, not later, not next week. Send cash, check, 
money order, stamps, IRCs, Master Charge or BankAmericard numbers . . . send 
something negotiable. 0RDER - AND PAY 

□ 250 cards.$ 7.50 

□ 500 cards.$12.50 

□ 1000 cards.$20.00 


AMOUNT ENCLOSED $- 


official order blank (any other will do as well) 

Please indicate correct bicentennial prefix for yo 


r call. 


K 


QSL CARDS 73 MAGAZINE PETERBOROUGH NH 0 

Domestic orders only. 


Alarm! 

Alarm! 

Alarm! 


The simple alarm circuit 
described here may be 
built for about $5.00, and 
unlike most systems 
which merely turn on a 
light or sound a horn, may 
be set to intermittently 
energize a horn, lights or 
other signaling device, on 
and off at any speed you 
desire. This intermittent 
alarm will be easily recog¬ 
nized by you and not 
mistaken for just another 
stuck horn. 

Once activated, the sys¬ 
tem cannot be shut off 
without disconnecting the 
primary source of power. 
In the standby or arm 
mode, the circuit draws no 
power until triggered. The 
unit may be operated on 
any dc voltage between 6 
and 15 volts. The relay 


138 








chosen should be compat¬ 
ible with the supply volt¬ 
age; however, the ON/ 
OFF timing will be inde¬ 
pendent of this voltage 

Applications of this 
alarm are varied and 
limited only by your 
imagination: 

Automotive hood, 
trunk, doors 

Motorcycle mount 
under the seat — any 
attempt to move the cycle 
off its stand will trigger 
the alarm 

Equipment: mount in¬ 
side or on the back of the 
rig — attempts to physic¬ 
ally move the equipment 
will trigger the circuit. 

Pool or Sump Pump: 
Replace the mercury 
switch with a pair of 
sensor leads mounted just 
above the desired water 
level. Water touching the 
leads will trigger the 
alarm. 

Touch Switch: Sensor 
leads or a grid board will 
activate the circuit when 
touched by hand. 

The circuit is simply an 
SCR switch activated by a 
mercury switch or sensor 
lead. Once triggered 
the SCR remains ON 
supplying operating volt¬ 
age to the 555 timing 1C. If 
the alarm device uses 200 
mA or less, the relay is not 
needed. If the load how¬ 
ever, uses more than 200 
mA a relay should be 
incorporated and have a 
coil rating for the operat¬ 
ing voltage used. 

Due to the limited 
number of parts in this 
project, assembly on a 
small piece of perf board 
or plastic may be used 
The use of a small relay 
will allow you to build this 
alarm on a 1X2 inch 
square board or if a 
smaller unit is required, 
the relay may be out- 
boarded 

All components are 
available through your 

local Radio Shack stores. ■ 


The sky’s 
the limit... 


Well Almost! 


Now, under the new FCC regula¬ 
tions, you can mount any omni¬ 
directional CB antenna a full 60 feet 
above ground. No more need you 
be handicapped by the old 20 foot 
limitations. 

Greater heights means greater 
signal power —not only on your 
transmitted signal, but on receiving 
the weak signal, as well. 


And when it comes to providing 
CBers with towers to do the job. we 
at ROHN are the champs. After all. 
we build more communications 
towers for CBers than all other 
manufacturers combined. 


Whatever you're looking for in a 
tower, chances are a ROHN will do 
the best job at the best price. 

So ask your local distributor tor the 
ROHN story. The new rules were 
meant to bring you and ROHN 
together. 


0 


Unarco-Rohn 
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We only need stuff like OJ0, 9M6, 
Ain't nuthin' wrong with us, Docl 
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Tunable FM Receiver Strips. 

Surplus Circuit Boards — A Gold Mine of Parts 
The Perils and Pleasures of Surplus Shopping . 

Space Age Junque. 

A PC Board Bonanza. 

Government Surplus: Is It All Gone?. 

Inherit the Wind . 

Stereo - A New Type of CW Filter. 

160m Solid State Receiver. 

Tubes Are Not Dead!. 

Put a Pin Hole in Your Cadillac's Roof. 

A What's A Computer?. 

IA The 1C See-er. 

A Build This Exciting New TVT. 

A Magic Fingers for RTTY . 

A What's That In Binary? . 

The Smart Power Supply. 

Adrift Over Your C's?. 

How to Use Surplus Pots. 

























































HEARTBREAKER? 










































station received a MAYDAY distress unmodulated or unkeyed carrier, e) 
call from: a) STATION: W2ACS/MM. Require a|| Amateur stations to 
b) NAME of OPERATOR: Tom and use a Dummy Load t) Emission 
Hapasig. c) LOCATION: 33.52 D f spurious (SPLATTER) over 3 KCs. 


on the 2 meter opening which came 
through this area on the weekend of 
Dec. 6 and Dec. 7. 

This opening lasted about 48 hours. 


I have tapes of the mayday that 
were sent to me by G3HAS from 
England. They are not complete but I 
can send a copy to you. They are of 


e Mena. Arkansas very poor quality. 


W2ACS. NORTH. 31.23 EAST, d) SHIP'S 
NAME: Private Vessel SCORPION, e) 
AS from WEATHER CONDITIONS: Three to 
ete but I five ,oot waves; overcast skies; very 
of low ceiling: light winds; no rain, f) 
" V Ship was taking on water fast due to a 

section of the mast breaking off and 


g) Establish laws concerning inter- 
ference with a station who assumes 
net control with a distress MAYDAY 
call, h) Stop the gentlemen-type agree¬ 
ments and establish regulations con¬ 
cerning them. 






















































be my guest; 

visiting views from around the world 

Keeping Up With the State of the Art: 
What It’s AH About 

But like I say, that's all changed What good, when you stop to think The sad fact is, both Einstein and 
now. I've seen the light. I have learned about it. is a doctor who, while in Miss Graham were wrong. They were 
... if a man neglects to keep vvhat electronics is all about. Instead doctor school ten years ago. learned a wrong not because they were stupid — 

abreast of Ns time, he yields of waddling, eyes closed, through the lot about bellies and heads, but hasn't neither was stupid. I didn't know 








































Looking West 






















































































arence M. Young, 
karritt and Ralph 





























































































ne QSO 


mat you use a prenx cnecx sneet and 
include it with your entry. Each entry 
must be accompanied by a summary 
sheet listing all scoring information, 
category, and your name and mailing 
address in block letters. Also, a signed 
declaration that all contest rules and 
regulations for amateur radio in your 
country have been observed should be 
included. Official logs and summary 
sheets are available from CO Maga¬ 
zine. Send a large self-addressed 
envelope with sufficient return 
postage or IRCs to: CQ WW WPX SSB 
Contest Committee, 14 Vandeventer 
Avenue. Port Washington, LI, NY 
11050. All entries should be post¬ 
marked no later than May 1, 1976 and 


The deadlines will be made more 

Please check the January issue of 
CQ Magazine for complete rules and 
changes made at the last minute. 

TENNESSEE QSO PARTY 
PERIODS: 

2100 GMT Saturday, 

March 27 to 
0500 GMT Sunday. 

March 28; 1400 GMT to 
2200 GMT Sunday. 

March 28 

Tennessee stations on Phone, call 
"CQ TENN QSO PARTY," or on CW 
call "CQ TN." Test variations to 
encourage contacts from non-con¬ 
testants will result in disqualification. 
Repeater contacts are not allowed. 
Mobiles compete against mobiles, 


Tennessee stations multiply total 

of different states, provinces, and 
Tenn counties - include Tenn as a 
state also. Portable and mobile 
stations receive 200 extra bonus 
points for each county outside their 
home county they operate from. This 
bonus is added to their total score 
after using the multiplier. Out of state 
stations, multiply the total QSO 
points by the total number of Tenn 
counties worked. 

FREQUENCIES: 

3550, 7050, 14050, 21050. 28050. 
3725. 7125, 21125, 28125, 3980, 
7280, 14280, 21380, 28580 
LOGS: 

Logs must show: date/time in GMT, 
station worked, band, mode, exchange 

each band over 25 contacts made on. 
Submit cross check sheet if you make 
over 100 contacts. Logs must be 
legible to avoid disqualification. 
Mailing deadline is April 25, 1976. 
Include a self-addressed stamped 
envelope if eligible for certificates; 
every entry will receive a summary of 
the QSO party with a certificate if 
eligible. Send logs to: Dave Goggio 
W40GG, 1419 Favell Dr.. Memphis 
TN 38116. 

AWARDS: 

Plaques will be awarded to the top 
score in and outside of Tennessee and 
to the winning portable and mobile. 
Certificates will be given to every 


DLIOY 

DM4ZXH 

DM4JA 

EA5BS 

GM3KLA 

GW4DOO 

HA5BP 

I3BLF 

LZ1GX 

LZ2KSB 

OH2LU 

OK30KAG 

OK30KFF 

OZ6DT 

SM7AIL 

SP3IGB 

SQ1KKO 

UW6MP 

UK3ABB 

UK2FAM 

UB5ZAT 


1155 poi 

2331 

462* 

4524 

4284 

5628 

540 

5589 

1998 



1080 

1728 

570 

1581* 

2451 

8370* 

3312 

4104 


WB40GW 

W3ARK 

VE3EJK 

CQ7IZ 

ZS6CS 

UM8FM 

UL7GAA 

UH8BO 

UD6BW 

UK9YAR 

UA9CBM 

9H4G 

YU3DXU 

Y04ASG 

UR2QD 

UK2GAN 

U02NU 

UK2PAF 

UP20U 

UK5QBE 


336 

90 

975 


741 

90 

510 

1155 

4368 

1890* 

90 

9702* 

5265 

5913* 


RESULTS OF THE 1975 BARTG VHF RTTY CONTEST 
The top three positions in last year’s VHF RTTY contest were obtained 


1st DC30Z 82 points 

2nd DC8AM 67 

3rd DB1PA/P 65 


352 

297 

291 


Km. longest QSO 


There was a total of 21 




must consist of a 3 figure group Enfield, Middlesex. England EN1 

starting with 001 for the first contact. 4DX. 

POINTS: AWARDS. 
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J. K. Bach 
Ivy Hill Road 
Walden NY 12586 


Adventure 


F or a time, all the solid state surplusers 
were featuring returned or defective 
calculators that you could repair, with the 
instructions furnished. Some of the offers 
were absurd; the best I found was from 
Meshna, who offered an ac desk calculator 
for ten dollars, and a dc version for eleven. 
They were eight digit, and basic, without 
any radicals, reciprocals, factorials or such¬ 
like. Also, they used a liquid crystal display, 
which intrigued me. An instruction manual 
and a magazine reprint went with the deal. I 
ordered the ac model, with the dc as a 
substitute if it was out of stock. I got the dc 

Anyone who goes for a deal like this just 
to save money is a hopeless romantic - or, 
at least, hopeless. Either you realize all the 


other benefits, or you are left holding the 
bag. I suppose that if you really failed to get 
the calculator working, Meshna would take 
it back - he’s reliable - but eleven dollar 
junk is expensive, and an eleven dollar basic 
desk calculator, plus experience, is a bargain. 

In due time I got my calculator, 
obviously brand new, all done up in a plastic 
bag. I opened it up and studied both the 
reprint - which was a discussion on 
repairing calculators, quite general - and the 
manual, which was an extract of the original, 
but with some omissions. 

After studying this, I did what 90% of 
surplus buyers do — I got second thoughts 
and put it away for about three weeks. What 
was / doing with a busted calculator? If the 
manufacturer gave up, who was I to second- 



guess him? The fact that I have been 
troubleshooting all my life, some of it even 
digital stuff, made no difference. I felt like a 
fool. 

But this was clearly unproductive, and I 
got curious. I had to get a couple of Phillips 
screwdrivers, too, but I got her open. I saw 
two halves of a box, with a keyboard and 
circuit board in the top half, and the plastic 
light guide, bulb, and battery box in the 
other. Not much help. I put it together 
again, installed four D cells, slid the battery 
cover on, set the box right side up, and hit 
the "on” latch. The shade popped up, 
allowing the leaf switch to close, turning on 
the bulb, and I got light, but that was all. No 
numbers. Obviously the inverter, which I 
had read about, wasn’t working. I knew you 
had to work the liquid crystal display on 
high voltage (comparatively) ac. 

The moment of truth. Well, no use 
stretching it into an hour. I took the case 
apart again, but this time removed the 
circuit board and inverted it. My, my! Three 
big ICs; most of them look like dead 
cockroaches, but these, exceptionally flat, 
looked like millipedes. Two rows of legs on 
each side, an inner and an outer. And the 
display sticking up out of its connector. If 
you look closely, you can see the 8s all in a 
row, in transparent metal. 

The rest is the usual peppering of electro- 
lytics and plastic caps and resistors and 
transistors like canary-bird excrescences with 
a flat side, all the same size. And, oh yes! - 
a plastic spool of wire, must be LI. 


Fig. 1. 






Fig. 2. 


And there it is. The spool is loose, 
vibrates a little. I pulled it away from the 
board, only the outer lead connected. The 
inner one was broken off. It had to be the 
inner one — Murphy’s Law. All that 
agonizing and timidity and rationalization 
and I found the trouble without instru¬ 
ments, just by visual inspection, in 90 
seconds! A good carpenter might have taken 
a minute and a half to find it. 

It would not surprise me if each and 
every unit shipped had exactly the same 
trouble. In the first place, there is obviously 
some agreement with the manufacturer to 
keep the name confidential. It may be part 
of the deal to insert a defect, to justify the 
price. The price has to be justified to the 
buyer also. But the Post Office inspectors 
come around and maybe Ralph Nader, so 
instead of something the customer has to 
find with a triggered oscilloscope, a perfectly 
good unit with a deliberately broken 
inductor lead might be the best answer to 
the whole business. Now all this is my own 
idea - don't go asking the dealer about it. I 
could be wrong. But I’m pretty sure you 
won't get anything through the US mails 
that you can’t fix pretty easily. 

The inner conductor of LI ? That’s simple 
enough. I took a modeler's knife (they’re 
sharp) and carved away part of the inner 
bottom edge of the plastic spool, and pulled 
out an eighth turn or so, and cleaned it. To 
fit, I needed a longer outer lead, so I 
unwound and retaped enough. Far less than 
half a turn all told, and no splices. I cleaned 
out the solder holes with a round toothpick 
and mounted the coil by them. Fixed. 

Now when I turned it on, I got half a 
second of all 8s, then 0. The flyback 
converter was certainly working. The key¬ 
board is like an organ with its long throw 
and light keys that seem to do nothing, but 
they do provide tactile feedback and I like 
them a lot better than those mushy things. 
The input is algebraic and serial, but non- 
repetitive. By accident I found that zero will 
clear under some conditions, though the C 
key should be used for this, of course. 

Every calculator, even my little Novus 
600 which has been roundly — and I think 
unjustly — criticized, has some particular 
talent, something it is particularly good at. It 
didn’t take long to find the virtue in this 
one: It likes decimals. I would never again 
buy a six-digit calculator, but that is the 
only limitation I recognize in the Novus. 
This one has eight digits, which is one 
hundred times bigger, and I must say I 
haven't run out of numbers on it yet. 

You can do nearly anything on a basic 
calculator that you can do on the newer 
fancier ones, which have keys for %, X 3 , 
■fx~, X!, 1 /X and such. It just takes longer 
— you have to work the gimmick as a 
separate problem and insert the answer as a 
factor. To take a reciprocal of 1.414 on the 
Novus, I can’t just divide it into I. It gives 
me a zero and sneers at me - I haven’t left it 
enough room. So I have to enter 100 000 


and divide that by 141, sorting out the 
decimals mentally. But this box - stick in a 
1, divide 1.414 = 0.7072135 no strain. The 
liquid crystal display is odd - for one thing, 
it’s bland, white, like cigarette smoke in a 
bottle. It's slow - you can see it go on and 
off, unlike the LEO type. The driving circuit 
must look like wallpaper; you can’t multi¬ 
plex this type. The display has more leads 
going to it than you ever saw, like cattails in 
a swamp. Were I building one, I should never 
specify a liquid crystal - either LEO or 
flourescent tube. But now I have this one, I 
like it, and its slowness doesn’t bother me. It 
is by no means a limitation. For variety I 
may later dye the bulb with modeler’s 
colored lacquer. You can get it in tiny 254 
bottles. 

Now a "wild” trouble came in. The 
calculator still worked, but it didn’t show 
“all 8s” when first turned on (see Fig. 1). I 
lifted off R17 to disable the low voltage 
cutoff (A) and checked out C8 with my 
VOM. 1 got a kick. Next I replaced R19 with 
another one meg without results. 

I looked up the circuit in the manual and 
like Rumpelstiltskin, in the fairy story, 
you’d never guess his name. He is called a 
power-on-initialization circuit! Hot diggity 
zip! 

Anyway, when negative 25 volts is first 
applied through R19, C8 is discharged and 
practically a dead short, so all the drop lakes 
place across R19 and no voltage appears at 
terminal 11 on the CPU chip, which disables 
it and shows all 8s on the display. When the 
voltage rises with C8 charge, the 8s vanish 
and 0 appears, and you are ready to go. But 
I didn't get my all-8s-blink until I got up to 
3.3 megs. But it seems that I had some 
pretty low voltage cells by that time, and 
later with good cells, 3.3 megs gave me a 
fifteen second wait. I went back to 1 meg 
and get five seconds, very nearly, which suits 
me fine. It has continued so without trouble. 

Reconnected at X, Q7 and Q6 are a 


Schmitt trigger it says here. Looks like Q7 
conducts when its base is above 4.0 volts, 
and cuts off Q6. Below 4 volts Q6 conducts, 
loading R19 and giving a permanent all 8s 
display. There may be a question about 
having two features on a single indication. 
But I’d miss the initialization (love that 
term!) and the low voltage cutoff is kind of 
fun, too. Now I have reason to believe that 
the calculator and display end will work on 
as little as two volts (!) with Fig. 1 disabled. 
Of course, the bulb won’t light either, but 
the display can be read by light reflected off 
a white tablecloth. I know both will work 
with 4 V and that’s a dead battery. The bulb 
is a 6 V 150 mA deal, and could be replaced 
with a 2 V 60 mil one and a 75 Ohm 
resistor. Less bright, and should serve OK. 
Could even put a filament rheostat in it - or 
switch out a couple of 20 Ohm sections. 
These are, however, sub-desperation 
measures, and by no means essential. You 
will get pretty good life as it is. 

The long red plus lead from the switch 
broke off, and I put it back with the rest of 
the red ones. Even so it was wrong, and left 
the board permanently connected. When I 
corrected this, I read the drain to the board 
and was shocked to see 125 mA. The manual 
claimed much less than this. Would 1 now 
have to get out a CRO and measure pulse 
widths and frequencies and all that jazz? Not 
that I couldn't possibly do it; but it would 
be a pain in the neck for everybody con¬ 
cerned. When I put in new batteries, I 
measured it again: 50 mils! No, Ohm’s Law 
still holds. The load is constant, relatively; 
the voltage is regulated and constant, so the 
power is constant. If input power is also 
constant, you need a lot more current when 
you have a lot less voltage; it is as simple as 
that. 

Just in case, let's take a look at Fig. 2. It 
isn't easy to see any oscillatory circuit here, 
and I don’t guarantee my own ideas. The 
manual is delightfully vague also, but here 
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Fig. 3. KB-4 to term 4: 10 inch stranded #20 PVC elbow 3 inches from board, banded at 


boards STl-5: 10 inches, 5 inches to elbow, 
Colors shown original. 

goes: initially, plus six volts charges C3. The 
displacement current increases current in Q2 
which lowers voltage through R4 to base of 
Q3. This reduces current and sends a nega¬ 
tive-going pulse through C4 to emitter of 
Q2. This is the correct phase to aid the signal 
on the base of Q2, driving it to saturation. 
Once there nothing changes, so it drops 
down to cutoff and repeats, but without any 
help from the — primization? — circuit, C3 
R2 R3. Note that there is no Qt. Q1 is the 
regulator in the ac version. Q5 is the driver, 
the only female in the bunch. Q6 is the 
series regulator, looks exactly like the 
others. When it conducts, it loads up LI 
with flux, and when it cuts off - whoops! — 
high voltage, and pretty efficiently, too. 
CR5 rectifies, C6 filters. 

VR2 breaks down at some specified 
voltage and lets in a pulse of negative which 
poisons the positive bias on the base of Q6 
more or less. While dc at the base, the rest of 
the Q6 Q3 Q5 circuit has no frequency 
limitation. If I missed anything here, write 
me; that way we all benefit. 

Now let us look at Fig. 3. When you first 
open up the calculator, the little green and 
red and yellow wires look very pretty. You 
get the first three openings free, then they 
begin to break off, spoing! — singly, in 
thirds, triads, and diminished sevenths. You 
can learn to hate them cordially in short 
order. The wires arc simply not made for 
servicing. While not actually "banjo" they 
are pretty short. I have indicated the colors 
on the drawing so you will know where to 
replace them until you can gel more wire, 
but I earnestly recommend something like 
the #20 stranded PVC and the 24 gauge 
speaker wire (twinlead) which I used. 

You can make a game of it while you are 
waiting to get the wire - try to determine, 
from the diagram, and from missing 
functions, which wires are broken. The 


banded to switch near KB-1 for support. 

keyboard is a scanning type — the ST 
numbers along the front apron mean strobe, 
while the KB up the right edge (keyboard 
inverted, of course) are keyboard buses. The 
number of individual functions available on 
these keyboards depends on the number of 
crosspoints. On a four by five layout like 
this one, there should be twenty, of course. 
This has, in fact, only seventeen. 

An eighteenth is provided for and 
indicated on the drawing, but there is no 
crosspoint keyed for it. This is the missing 
key between ST4 and KB4, and is a % 
function. I have little use for such a 
function, but it gripes me to have no access 
to the capability, so I added a little red 
push-button next to the “on" shade-latch 
where there is room for a dozen, maybe less. 
I have an OAK calculator switch button, but 
it is a sub-surface mount. I wanted to put it 
in a blank space between switch and panel, 
but the present keyswitch assembly is so big 
there isn't any room. Top mounted, the 
OAK would look like a lily on a stem and 
the hell with it. The little red button isn’t 
half bad. 

Works, too. Starting with 88888888. one 
tap gives 888888.88 then 8888.8888 then 
88.888888 then 0.8888888 then 0.0088888 
then 0.0000888 then 0.0000008 and one 
more press gives 0. You have to use a firm 
deliberate pressure, any jitter will give you a 
double function. The long throw of the 
regular keys minimizes this. In use, you set 
up the problem and punch the % instead of 
the = and you’re done. 

I’ve known for some time that some chips 
have capabilities that are not used in the 
calculators, to provide for next year’s 
features with a standard chip. This spreads 
development costs over several years and 
saves money all around, a desirable con¬ 
clusion. So I went prospecting on this one. 
What else was hidden? 


KB1 and ST4 crosspoints give an equals 
function, but we already have that on 
another key. KB1 and ST2 are something 
else again. This crosspoint multiplies by ten, 
then adds one. If you had 87 in the register 
and operated this crosspoint, you would get 
871. 

Useless as a tire pump? For normal 
calculations, yes. But if you equip your 
calculator for % with an extra keyswitch, 
leave the leads a bit long so that they will 
reach this last crosspoint. Then, at need, you 
can move the leads as necessary. Might turn 
out to be the best and most useful function 
the thing has got. 

Every family has its wise guy, often a 
brother-in-law. Tell him about the calculator 
you fixed. Fie will sneer, as usual. Show him 
all the features, let him try it, but make no 
reference to the little red button. He will 
discover that it multiplies by ten and then 
adds one to what is in the register. He will 

Ask him if he knows how mathematical 
wizards perform mental feats such as the 
extraction of any roots of large numbers. 
What do they use factorials for? If you ask a 
mathematician what a X 10 +1 function or 
constant would be for, they would just look 
at you. (This is truth, in my experience. Ask 
them almost anything and they’ll just look 
at you. I asked the head programmer for Ma 
Bell what was meant by "an order of 
magnitude" and I got the wordless look. 
They’re bright people - it’s just when you 
surprise them with an intelligent mathe¬ 
matical question their brains de-clutch.) 

Further, you can claim harassment from 
the CIA who are after a cypher key — like 
the Playfair, but completely random and 
longer than the message, in the modern 
fashion. This is hidden in the memory of the 
machine, which was then marketed by 
mistake, and the X 10 + 1 key will retrieve 
this when properly used. If you can fix a 
computer (calculator), you can generate an 
even gaudier lie than this. Go to it - now is 
your chance to get even with the - ! 

To get back to the wiring, two feet of the 
battery lead is nice. The original lead was 
always catching on the leaf-switch, and 
draping over the light guide so that it would 
appear behind the numbers in a most 
distracting manner. Now, no trouble at all. It 
goes on #1 and 3 of the card (between the 
slots); watch the polarity. No tying was 

The KB leads were the shortest, banded 
(tied) together near the board terminals for 
mutual support. They were not tied to the 
board. The ST leads were formed into their 
own separate bunch, joining the KBs only at 
the edge of the board. Originally it was 
planned to poke the leads between circuit 
board and keyswitch, but there simply is not 
enough clearance. But the board is set back a 
little, making a front porch of the ST 
terminal strip. Putting elbows in the bunches 





of wires and folding them and dressing them 
to clear is simple and quick, and that cabling 
is good for as many times as I want to open 

Now that you know what we’re talking 
about, the photograph will explain more of 
the details. The top and bottom and the 
removed board were all jammed together to 
get as much detail as possible in the photo¬ 
graph, but when actually working on the 
thing, you would have the cabling stretched 
out, top and bottom halves well spaced with 
the board on edge, or even flat, between 
them. It sure beats the original wiring. 

The light guide is interesting to the 
optical students. You gel such a perfect field 
that you don’t even notice it, but try to get 
projection like that with lenses you can 
afford! The plastic is Lucite, cast, with 
locating bosses, and a two-side-sticky tape 
mounting that has given me no trouble so 
far. The shape is near-parabolic, with the 
light bulb near one focus. You get total 
refraction along the curved edge;, and 
straight out the straight far side. Cheap, 
effective, and plenty hard to duplicate by 
any other means. The bulb socket is held on 
a boss by a spring wire clamp that has one 
leg up, one down. You can grab the up leg in 
"flats” (pliers, long-nose) and adjust it 

R19 is that big % Watt I meg jobbie on 


the board. The original I /8 or whatever went 
haywire and changed its resistance, as they 
sometimes do. You never know if they will 
go up or down, and this one went down. All 
you can get is one quarters, so I bent the 
leads under the body to the correct spacing. 
It fit nicely. 

Now is the time to say something nice 
about the circuit board. It is opaque, like 
wallboard, and thick. The thing is one-sided, 
and the conductors swirl all around to 
avoid crossovers. It is lacquered green, and 
the swirling patterns look like big thumb¬ 
prints in green paint. The whole thing looks 
a bit on the crude side, especially after 
working on fibreglass high frequency types. 

But whoever specified this board knew 
what he was about. There's copper there, 
and it is cemented on to stay, and the 
lacquer helps prevent solder bridges. To 
work on a board like that is to appreciate it. 
Remember that I cleaned and replaced all 
the damned little pretty-colored wires many 
times, I had the R17 up and down like a 
pump handle, and I replaced an eighth Watt 
resistor with a quarter Watt one - no 
trouble at all. Nothing blistered, nothing 
came loose. True, I have worked on printed 
circuits before, I was using a small iron, I 
was using “microwave soldering technique” 
and I never let myself forget that it hot a 
circuit board I was working on. Nevertheless, 


I didn't baby it, and if you can be trusted 
with any board, or indeed, with any modern 
kit, you'll have fun with this one. It’s good 
stuff. 

The case — neat but not gaudy. Green-top 
keys, egg-shell white case. I don’t think it is 
any hi-impact plastic. I think it is the good 
old Styrene plastic, easy to break, easy to 
burn, easy to melt, and easy to carve. Drills 
easy, too. The chaff, or chad, or sawdust, or 
whatever becomes highly charged and wants 
to get on the screen where you don't want 
it. Try the sticky side of Scotch tape (C) to 
swab it up. Get it all if you can. 

The thing is held together with self¬ 
tapping screws. Don’t lose any, because 
these are long and skinny and you may not 
find the sizes. They seem to be double- 
threaded - if they don’t screw in well, back 
out a half turn and try again. If still not, 
swap with the other of the same pair. Makes 
a surprising difference. 

There is no number or logo on the 
calculator. The book says ACCUMATIC 
E630 and gives a parts list, but who can you 
buy parts from? 

Following some tenuous indications, I 
called Rapid Data Systems, Toronto Office, 
129 Carlingview Drive, Rexdale, Ontario. 
Their number is 416-678-1000 and they 
referred me to an agency in the States: 
Calculator Service, 29245 Stephenson High- 
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way, Madison Heights, Michigan. Their 
number is 313-399-4300. They were unable 
to identify the model, thinking it must be a 
prototype (come on, a production run of 
prototypes ?). I asked about the Liquid 
Crystal Display RA-90009 and he gave a 
corresponding number #1930801-1 which 
was priced in single units at $15. So much 
for the economics. 


Meshna advertised his two types of calcu¬ 
lators in several flyers, a couple of issues of 
magazines and at least one catalog. He no 
longer advertises them, and for a good 
reason — his stock is running low. A lot of 
guys will buy them and put them away for a 
time, as I did, and some will continue to 
order from old catalogs or ads, so sales will 
slow down but not cease. 


On November 14th, Meshna told me he 
had 200 units in stock. I don’t know how 
many he has at this writing. If you want one, 
order as soon as you read this. There are 
other data I'd like to include in this essay, 
but there simply isn’t time to get it up — 
you have all you really need, anyway, so 
here goes for the Post Office. Happy initiali- 


Thought you might be interested in 
hearing about my recent Oscar 6 
contacts with ZK1DX. This took a 
couple of months to set up and 
accomplish. To date we have made 3 
contacts via Oscar 6; they were direct 
with no Tropo assist. If you study the 
distance involved you will find our 
range overlay to be approx. 300 mi. 

is 30 45 seconds max. Rarotonga is 
located on the 20th parallel south of 
the equator; this all makes for a very 
interesting 2 way contact. 

Wyn ZK1DX uses 80 W out and an 
11 element yagi. Equipment here is 

of stacked 9 element yagis with az-el 


control at 50. Receiver is a Kenwood 
R599 and Westcom Noise blanker and 
preamp and 3 element yagi. 

I also managed to get a good tape 

Bob Findlay W6NZX/W7KMC 
Vista CA 


AMATEURS ACCESS 
COMPUTER VIA SATELLITE 
On October 9. 1975, two radio 
amateurs made the first claimed 

also through a communications relay 




Franklin Mitchell Jr. operator of ama¬ 
teur radio station WB4BWK in Due 
West, South Carolina, when he trans- 

mand to a Mod 8 microcomputer 

VE2BYG/3 operated by Randall S. 
Smith in Barrie. Ontario. Canada. 
Randy has since changed his callsign 
and is now known as VE3SAT. 

Randy's microcomputer received 
the command relayed by means of the 
AMSAT OSCAR 7 satellite and exe 


m it ting a preset message from 
VE2BYG/3 to WB4BWK. The data 
was transmitted in ASCII code at a 
rate of 110 Baud. The Federal Com- 
munications Commission hes granted 
a waiver to radio amateurs interested 
in computers and radio teletype allow¬ 
ing them to transmit ASCII coded 

Both Randy Smith and Frank 
Mitchell are members of AMSAT. a 
nonprofit worldwide organization of 
radio amateurs based in the Wash- 
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Stirling M. Olberg W1SNN 
19 Loretta Road 
Waltham MA 02154 


Tunable FtA Receiver Strips 


A lmost all surplus land mobile service 
receiver strips which find their way 
into the amateur service are dual conversion 
crystal controlled systems. The primary fre¬ 
quency selection used in the first conversion 
is a crystal bank which usually costs more 
than the receiver. These crystals are required 
to perform at close tolerances which pre¬ 


viously were of little concern to the amateur 
unless he worked at band edges or nets. In 
order to have use of all available frequencies, 
the operator must either pay the price of 
many crystals or install fairly expensive 
frequency synthesizers. There is another 
way. Some thought and experimentation at 
W1SNN produced additional frequencies as 



Fig. I. 



well as a snooping oscillator which allows 
the receiver to be tunable over a very narrow 
range and keep the stability and close 
tolerance frequency control. Let’s take a 
look at the block diagram, Fig. I. The 
diagram indicates the approximate configur¬ 
ation of two well known receiver types, a 
Motorola Sensicon and the General Electric 
Progress Line strip. 

The input and output circuits of the rf 
amplifier and the first mixer have double 
tuned critically coupled circuitry which re¬ 
duces the effects of nearby transmitter 
desensitization among other things. Similar 
circuitry is used as the output of the first 
mixer and is carried even further to the 
input and output of the second converter. 
For this reason these receivers have a limited 
range of acceptance for which they can be 
used without retuning. This is about ±50 
kHz. By stagger tuning this can be extended 
without the danger of desensitization. If the 
station is far enough away from other 
transmitters, this is, of course, not too 
serious a problem. 

The reason I went i.ito such detail in the 
above paragraph is because herein lies the 
method of adding additional frequency con¬ 
trol, at surplus crystal prices, and of adding 
the snoop oscillator. The quickest way you 
can move around your existing crystal con¬ 
trol frequencies is to change the operating 
frequency of the second local oscillator 
crystal. But before we change anything, let’s 
take a careful look at how the local oscilla¬ 
tors and i-f frequencies work to produce an 
operating frequency of 52.525 MHz. A 
Motorola Sensicon Receiver strip will be 

According to the manufacturer, the first 
conversion crystal frequency should be cal¬ 
culated thus: 


Fig. 2. 

















where: frequency he chooses to generate. Also there correct harmonic before it is fed into the 

f 0 = the operating frequency is a vfo unit shown which can be switched crystal jack. 

f c = crystal frequency into the second crystal oscillator grid. Now The circuit of the vfo was taken from the 

4.3 = second conversion i-f you have a snoop oscillator which allows article in November, 1973, Ham Radio. 1 It is 

Therefore, for a crystal to operate on the you to tune around the very narrow band- the very stable Vacker Oscillator which was 

receiver on 52.525 MHz .. . pass and listen to what is going on in used as a twenty meter vfo. The frequency 

between the channels. has been changed to suit the Motorola and 

—'-•’- j + 4-3 - 18.9416MHz The crystal oscillators shown are the same General Electric Progress line receiver strips. 

i as the original logic oscillator. The changes It is shown as it was modified for this 

Now to get the second conversion crystal are to improve the original circuit which application. It would be a good idea to 

to an i-f frequency of 457 kHz, a 4757 kHz used TTL logic blocks; the new circuit review the article described and use the 

crystal is used in the second local oscillator uses CMOS logic. The noise immunity of construction practices used by that author, 

and is calculated thus: these units allows a less stringent power This unit has been mounted in a nice cabinet 

supply source regulation and in our case and the output fed through a six foot 

f 2n conversion - ^ aMows the use of a simp | e zener diode coaxja | cab!e to the osci || at or jacks. The 

f2c + f 2i-f or 4.3 + 457 - regulator coupled to the main supply voltage output of the snoop oscillator is brought out 

4757 kHz through appropriate voltage dividing resis- through a coax jack as indicated. A length of 

Now let us dip into our sacred junk box, tors. coax up to about eight feet long can be used 

and lo and behold, there is that crystal you Crystals used in this oscillator must be and therefore only the new crystal bank and 
have saved from a chunk of surplus. It has a fundamental types. The circuit has been the snoop oscillator need be stationed at the 

frequency of 18.930 marked on the can and used with crystals up to 20 MHz and I am operating position. 

it is a fundamental crystal with the right pin sure if I had higher fundamental rocks it The second local oscillators for either the 

spacing. So let’s stick these numbers into the might go to 25 MHz before the logic block Sensicon or the Progress Line strips are fed 

first equation and see where we end up. It would start to react sort of funny. The into the grid side of the crystal socket or 

comes out twenty kHz low, you say. Well circuit shown is in use at WISNN for the six directly to the grid of V5 pin 6 on the 

now, if you add that 20 kHz to the second meter FM band. On two meters the addition Motorola or to pin 7 of V319 of the General 

LO crystal and make it 4797 kHz, the °f a frequency multiplier will provide the Electric receivers. Although no modification 

second formula will show the correct i-f 14 

difference of 475 kHz and the first formula 
will show that we are on 52.525 MHz. So 
now you say, "Well, I have to buy the 
second crystal.” Right, you do, but look at 
the surplus lists and see the nice low price. 

One word of caution: Remember that the 
crystals used must be chosen to look into a 
32 pF load and that there are many that use 
a lower capacitance load and the frequency 
will come out somewhat different than 
calculated. This can, in most cases, be taken 
care of with a frequency trimming capacitor. 

All of the foregoing may sound like some 
kind of "hocus pocus” but be assured it is 
not. The manufacturers of these two strips 
and many others describe the same tech¬ 
niques for "exact frequency tuning,” and 
although it is not as extensive a frequency 
excursion, it is done in the same way. 

Now observe the second block diagram, 

Fig. 2. The crystal banks shown are substi¬ 
tuted with a logic oscillator 1 allowing the 

operator to switch at will to whatever Fig. 4. CMOS oscillator. 



25 





of either receiver is required for this adapta¬ 
tion, it would be wise to have the receivers 
working before trying these stunts. I mod¬ 
ified a crystal can head by unsoldering the 
can, removing the contents, then drilling a 
hole in the can top to allow passage of the 
coax through, then soldering on the coax 
leads to the pins in the header. Reassemble 
the can to the header and now you have a 
plug which will fit directly in the crystal 
socket. Make sure that ground goes to 
ground and so forth ... or it won't work. 

The same procedure as has been described 
for six meter receivers can be applied to any 
of the high band strips which are first 
converted to two meters. In our case we 
used another Sensicon Strip PA 9033, and 
after it was set up and working the vfo - 


crystal bank was plugged in and away we 
went. In the above mentioned receiver, the 
second conversion mixer is a pentagrid con¬ 
verter which also serves as the second LO. 
To use the adaptations described, the 
receiver should have this minor addition or 
my name will be changed by many of you. It 
is done thus: Locale the second mixer tube, 
a 6BE6 designated V6 in the circuit diagrams 
found in the instruction books, disconnect 
the wire which runs from the crystal socket 
X-19 to pin 6 of V6, and ground this wire. If 
this procedure is not followed, plugging in 
the vfo as described in the prior paragraphs 
will ground pin 6 and part of the B+ line and 
create my new handle. 

It is hoped that these ideas will be of 
some use to other amateurs who enjoy using 


what they have and modifying circuits to 
achieve an inexpensive adjunct to their 
stations. ■ 

'"The Logic Oscillator," Stirling M. Otberg 
W1SNN. June, 1973, Ham Radio, 

2 "Low Power Solid State vfo Transmitter For 
Twenty Meters,” C. Edward Galbreath W3QBO, 
November, 1973, Ham Radio. 

Additional References 

FM Schematics Digest , A Collection of Motorola 
Schematics, Sherman Wolf, Boston, Massachusetts. 
Motorola Service Manual 54P802495-0, Motorola 

General Electric Co., Progress Line Instruction 
Book #LBI-3002E, General Electric Co., Mobile 
Radio Department, Mountain View Road. 
Lynchburg VA 24602. 


The Grabbers! 

6-DIGIT COUNTERS! 

6-Digit Kit "i Illir r 6-Digit Kit 




We have a whole wonderful line of unbelievable counters 
starting at $45.95! Drop us a line or give us a call today. 

Huffco P.O.Box 357 Provo, Utah 84601 - (801)375-8566 


ATTENTION METRUM II 
OWNERS 


vanguard has a high quality 
synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 

For complete details and photo 
see our half-page ad in this maga¬ 
zine. 

VANGUARD LABS 


























by 

John J. Risch W0FEV 
3508 Whispering Woods Dr. 
Florissant MO 63031 


Surplus Circuit Boards— 
A Gold Mine of Parts 


S urplus circuit boards are currently avail¬ 
able which contain many parts of value 
to "home builders” and experimenters. 
Many builders pass these by for two reasons: 
One is that the parts are too difficult to 
remove, and the other is that they probably 
don’t realize what actually is available. 
Several articles have been written on various 
methods for removal of these parts, from 
unsoldering them using a “solder sipper” and 
special tips (which usually damages the 
component), to submerging the components 
in a tray of water and unsoldering (very 
unsatisfactory), to fracturing the board from 
around the part (this ruins the board). 
Offered here is a method of recovering parts 


without damage, and with a minimum of 
effort, and which leaves the board in usable 
condition. 

To remove diodes and transistors, closely 
examine the board to determine how the 
leads are bent over. Carefully force a small 
screwdriver under the lead through the 
solder blob (I use a jeweler’s screwdriver), 
and “dig” out the lead clear of the solder or 
break the lead and solder blob free from the 
surface of the board. (Sec Fig. 1.) Then, 
using a pair of long nose pliers, carefully 
pinch the solder blob (if it was lifted from 
the board) to crack it. (See Fig 2.) I neither 
case, the next step is important. For tran¬ 
sistors, carefully pry the transistor off of the 


circuit board with a small screwdriver, 
exerting even pressure at several places 
around the case where it contacts the board. 
(See Fig. 3.) After removal, excess solder can 
be crushed off the lead with the long nose 
pliers. 

To remove diodes, after processing as 
above, carefully lift the lead (on the com¬ 
ponent side of the board) with small pliers 
and gently “tease” (pull) it free or slip a 
screwdriver between the lead and the board 
and gently lift it off. 

Resistors and other components which 
can be slightly heated may be removed in a 
similar manner, but the solder blob should 
first be removed by heating with a soldering 
iron. While the blob is soft, gently strike the 
edge of the board on a hard surface to 
remove the molten solder; the lead can then 
be pried up as described above. 

Power transistors pose a special problem, 
but by using the screwdriver method, the 
(usually large) solder blob can be flaked 
away and reduced in size so the component 
can be pried off without damage. If on your 
first attempt you break a lead and ruin a 
transistor or two, don’t be discouraged — 
soon you will learn just the right amount of 
pressure to exert. 

Extra caution is required when prying the 
lead up from the solder blob. Number one: 
Point the screwdriver in such a manner that 
if it slips it won't gouge your hand or leg or 
other body parts. Second: Do not use too 
much pressure or else you may shear the 
lead. Third: Take your time. 

Transformers and other items mounted 
by rigid leads may be removed by First 
"digging" away as much of the solder as 
practical, then prying the component off 
with a screwdriver while heating the solder 
blob with a soldering iron (do not overheat). 
After the components are removed, the 
board may be further processed by removing 
the printed circuitry with a coarse rasp and 
finishing off with sandpaper to remove any 
remaining copper. An X-acto knife may be 
used, with caution, to remove solder and 
copper from the board. 



Fig. 2. 




The following components have been 
successfully removed from the popular 8 for 
$1.00 boards being offered by "Radio 
Shack” and other parts houses: 

Transistors: Both germanium and silicon, 

PNP and NPN types, including “power 
types,” usable up to 60 MHz (by actual 
test). Many may go much higher. 

Diodes: Both germanium and silicon, 
glass and plastic types, including zeners. 

Resistors: 1/4 and 1/8 Watt 5% tolerance, 
conventional types and many precision 1% 
tolerance types, various ranges. 

Capacitors: Silver mica, and tubular 
ceramic types, various ranges. 

Inductors: Molded plastic types, all 
marked with inductance rating in uH. 

Electrolytic Capacitors: Tantalum types, 

5 to 200 uF in voltage range of 10 to 50 
volts. 

Transformers: Molded plastic case, which appear to be "Darlington” types of from the board by small teflon or nylon 

various ratings, marked with diagram. transistors and some possible high current pads. These give longer lead lengths. Please 

Relays: Dry reed types, NO and NC diodes (zeners?). test all components with a transistor tester 

types, 3000 to 7000 Ohms dc resistance. Circuit Boards: Various compositions, or ohmmeter before using, for some may be 
which close or open at 5 through 10 mA. laminated phenolic, fiberglass, etc. bad, due to the fact the circuit board was 

Crystals: 1000 kHz precision units. All of the above were removed in good “discarded.” To date, however, I have not 

Trimpots: Precision potentiometers, condition and were usable in home construe- yet encountered a bad component. In most 

screwdriver adjust. tion projects. Since using this method, I have cases the lead lengths are sufficient to allow 

Heatsinks: Finned types, aluminum. not had to buy blank circuit boards, resis- full usage of all components; a clamp-on 

Chokes: Molded plastic, iron or ferrite tors, electrolytic capacitors, transistors, type heat sink may be required, when 

core types, all marked with inductance diodes, etc., for several months. remounting some diodes and transistors, 

rating. When selecting these boards (if you make This method is also useful when repairing 

Rectifiers: Marked with manufacturer's a “hand” selection), try to select those with small radios, tape recorders, and circuit 

number; used and tested up to 110 V RMS. the parts you need most, and watch for boards in general when it is necessary to 

Others: Several unidentified components those where transistors arc mounted away replace a component. ■ 
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by 

Brad Thompson 
29 Magnolia Street 
Billerica MA 01821 


The Perils and Pleasures 
of Surplus Shopping 


E veryone likes a bargain, especially with 
today's prices soaring to new heights. 
Ham radio can be an expensive hobby even 
to the ham who home brews his own 
equipment. A visit to your local electronics 
supermarket will confirm this, just as a visit 
to the other kind of supermarket shows 
where most of the paycheck goes. 

One's thoughts naturally turn to getting 
things for less money. In many cities, 
bakeries have thrift outlets where out-dated 
baked goods are sold at substantial savings. 
Of course, it pays to peer through the 
wrappers for any trace of mold just in case 
the baker cut the final sale date a little too 
Close. 

The electronics industry has its own 
versions of the bakery outlets, the tradi¬ 
tional electronic surplus outlets which can 
be found near most major American cities. 
You can make some excellent buys there, 
but you can also get stuck with the elec¬ 
tronic equivalent of moldy bread if you’re 
not careful. 

Let’s review a few of the perils and 
pleasures of buying surplus electronics. 
Although every transaction is unique, a few 
general types of situation emerge repeatedly. 
This list, by no means exhaustive, applies in 
general to both mail order and eyeball-to- 
eyeball purchases: 

The Inadvertent Burn 
The Deliberate Burn 
The Speculative Plunge 
The White Elephant 
The Outright Disaster 
The Home-wrecker 
The Unpleasant Surprise 
The Submerged Surprise 
The Pleasant Surprise 


The Inadvertent Burn 

A post-purchase discovery that what you 
see is not necessarily what you get. This is an 
especially common occurrence when a part’s 
function isn’t immediately obvious. Back in 
the old days, big chunks of filament rolling 
around inside a tube’s envelope were a dead 
giveaway. But have you ever heard a 709 op 
amp rattle? (A friend of mine has, but that’s 
another story.) 

Your friendly neighborhood surplus 
dealer will often correct an Inadvertent 
Burn, especially if you ask him politely. 
Remember, it may not be his fault. But if 
your purchase was a one-of-a-kind, last-one- 
on-the-shelf item, you’ll have to renegotiate 
the transaction and settle for something you 
can’t really use. Cash refunds are possible — 
it doesn’t hurt to ask. 


The Deliberate Burn 

If your surplus dealer does this to you, 
drop him. Fast Even if his shop is loaded 
with cheap, mouth-watering goodies. You 
have enough hassles of this variety in your 
life as it is, what with unscrupulous used car 
salesmen and government officials. Write to 
your local consumer protection agency and 
describe what happened; they may be able 
to help you recover your money. Your letter 
may be the capstone to a case they have in 
preparation, which could result in lots of 
people recovering their money. 


The Speculative Plunge 

It’s not always the dealer’s fault. You can 
be hoisted with your own petard, as the old 


saying goes. For instance, that bag of 0.1 
Ohm wirewound resistors is a real bargain, 
especially if you decide to build that power 
supply which uses a 0.1 Ohm current sensing 
resistor. But do you really need 221 of 
them? Still .. .it's only a buck ... 


The White Elephant 

A variant on the Speculative Plunge 
which involves a piece of equipment rather 
than a component. 

I once bought an elderly tube-type fre¬ 
quency counter from a leasing company 
which was cleaning out its warehouse. At 
$25.00 the counter seemed to be an 
excellent buy as it was in working condition 
and bore few of the scars usually acquired 
by leased equipment. Surplus ads in various 
magazines were listing the counter at 
$150.00, and my thought was, “Wow! I can 
run the counter for a year, sell it to someone 
for $50.00, and make some money.” 

Last month, I took the counter to a ham 
auction and watched in dismay as a bored 
bidder took it away - no, stole it! — for 
$4.00! Here’s what went wrong: First, there 
were no surplus dealers interested in it at 
any price. One dealer I attempted to sell it 
to wouldn’t take it because he had ten more 
in his warehouse. 

“Sure, my catalog price is $100.00, and if 
I ever find just one customer at that price. 
I'll break even. What? You want I should 
pay you $50.00 for yours? Uettoutaheah, 
kid!" 

Secondly, the counter was obsolete. 
Inside that pristine grey case lived at least 36 
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hungry little tubes and a cooling fan which 
could have doubled as propeller for a B-29. 
And at 300 Watts or so, it needed that fan. 
Even worse, the counter would count only 
to 100 kHz - it was designed that way. If 
you goosed the input signal up a lot, it might 
count to 120 kHz, but only if it felt happy 
that day. It was fine for audio work, but 
most counter users need some rf capability. 

The moral to this story is clear: Make 
sure that whatever you buy has long-term 
value to you and forget about making a 
profit unless you're prepared to learn by 
trial and possibly expensive error. Leave the 
speculation to the pros and your friend 
down the block who has a rich and generous 
uncle. A footnote: A friend of mine just 
called with the news that we (he stressed the 
we part) have a chance to buy a whole 
trailerload of World War II radar equipment 
for only $500.00 ... we’re going to look at 
it this afternoon . . . 

The Outright Disaster 

I once purchased a surplus ZM-11/U RLC 
bridge for only $5.00 thinking that I was 
getting a bargain. The surplus dealer 
obligingly let me apply power to the unit 
and we both watched the magic-eye indi¬ 
cator tube warm up to a healthy looking 
green glow. 

The dealer scrounged around behind the 
counter and came up with a precision 
resistor. I connected the resistor to the 
terminals, switched the function selector to 
“Ohms,” and adjusted the main dial for 
balance. Lo and behold, the dial and resistor 
values agreed! “Fine - I'll take it,” I said, 
and went home happily. 

Later that evening, I located my standard 
capacitor and confidently hooked it to the 
bridge’s terminals. I selected the appropriate 
function, set the test voltage and confidently 
twisted the balance dial. Nothing happened. 

I tried another capacitor, then another, 
and then some inductors. Still nothing. 
Frantically, I grabbed a resistor at random 
from the bench. Again, nothing. By now, I 
was aggravated. I located another resistor in 
the same range as the dealer’s test resistor 
and sure enough, it worked. 

I unplugged the bridge and reached for a 
screwdriver. Five minutes later, I was staring 
at a surplus hound’s nightmare. Some mis¬ 
guided individual had attempted to dis¬ 
mantle the bridge (for service, perhaps?) by 
snipping the many wires which run from 
deck to deck in this compact instrument. 
Just for variety, he had thrown in a few 
solder splashes and odd pieces of hardware. 
Several freshly-cooked resistors stood out 
like sore thumbs. I wanted to throw up. 

Anyhow, if you should happen to get an 
Outright Disaster, cheer up. You’ve plenty 
of company out there. 

The Home-wrecker 

This type of surplus purchase is a possible 
consequence of buying an unrecognized 


White Elephant. A variation is the bargain- 
priced, completely useful goody which just 
happens to be a bit too ugly or dirty to win 
the acceptance of one’s mate or parent. 

Once in my youth, I proudly dragged 
home a pair of vintage BC-375 tuning units 
in their original packing. I had done well: In 
a three-cornered trade involving an old 
Stromberg-Carlson console radio, a half 
dozen tired 807s, and several hundred base¬ 
ball cards which included my prized Ted 
Williams card, I had emerged clearly on top. 
My friends thought so too, including the 
former owner of the tuning units who had 
worried about unloading them before the 
dampness in his basement caused any 
damage. If it had, he assured me, we could 
reverse the trade. 

I balanced the boxed-up tuning units on 
the handle-bars of my battered Schwinn and 
walked the bike all four blocks home. The 
rays of the summer sun beat down on me, 
the bicycle and the tuning units. I began to 
notice that the boxes smelled slightly of 
mildew, but thought nothing of it. 

I reached home, carried the cardboard 
boxes downstairs into my basement work¬ 
shop and proceeded to joyously unpack the 
tuning units. In minutes, the basement floor 
was littered with packing material and the 
tuning units were on the bench. The smell of 
mildew was quite a bit stronger now as it 
mingled with the familiar "surplusy” odor of 
the fungus-proofed tuning units. 

By then, it was time to do my paper 
route and I left. I returned two hours later 
to find my precious tuning units and all the 
packing material exposed to the elements in 
the back yard. 

My mother, who is a painstaking house¬ 
keeper, was very angry. “Keep that horrible 
smelly stuff out of the basement! Don’t you 
dare bring it into this house until it’s had a 
chance to air out!" 

I tried vainly to explain that, if I kept the 
tuning units outdoors, they would corrode, 
but she didn’t budge. Finally, we com¬ 
promised on a quarantine period where the 
tuning units would be allowed to decon¬ 
taminate in the garage. But ever after that, 
she insisted on sniffing suspiciously when¬ 
ever I brought anything electronic into the 
house. That was the first summer I con¬ 
sidered running away and joining the circus. 

The Unpleasant Surprise 

Every surplus buyer has at least one of 
these in his or her career. The Unpleasant 
Surprise may take on many forms, such as 
discovering that those surplus filter 
capacitors which you carefully installed in 
your painstakingly constructed power 
supply mysteriously short-circuited ten 
minutes after power-up. 

About all that’s left is to stare glumly at 
the smoking ruin and comment at length on 
the morals, personal habits and ancestry of 
the capacitors and perhaps the surplus 


Another variation on the Unpleasant Sur¬ 
prise is the Submerged Surprise. Of course, 
by the time you buy the equipment, most of 
the water has evaporated. Things look fine, 
you think, and you plug the receiver (or 
whatever) into the power socket. Everything 
works fine ... for a year, a month, a day or 
an hour, depending upon how far the 
moisture-induced corrosion has to go to eat 
its way through one of the many fine wires 
in an i-f or power transformer. 

Especially insidious is the Salt Water 
Submerged Surprise. All those dissolved salts 
in the sea water really up the ante in those 
games of chemical strip-poker going on in 
the dunked equipment. Even a prolonged 
fresh water rinse seldom helps. To avoid 
those rare cases where an unscrupulous 
dealer attempts to combine a Submerged 
Surprise with a Deliberate Burn, look for 
dried deposits on hard-to-reach surfaces 
between components. Corrosion on solder 
joints is another tell-tale sign. 

The Pleasant Surprise 

The penultimate goal of the surplus 
buyer. Everyone is pleased when things go 
his or her way. It’s a natural part of the 
human emotional makeup. But there’s a 
special kind of excitement known only on 
rare occasions which transcends everyday 
excitement. 

Generally, it’s associated with a "first”; 
for a beginning hunter, it’s called buck fever. 
For a ham, it’s that first QSO as a Novice. 
For a dyed-in-the-wool surplus buyer, it’s 
called the Pleasant Surprise. 

Last summer, my wife and I visited one 
of southern New Hampshire’s famous flea 
markets. We arrived around three o’clock, 
which is rather late in the day to visit a flea 
market. Successful dealers have already sold 
everything, and unsuccessful dealers have 
begun to pack the chipped china, outgrown 
clothes, wooden coathangers and various 
forms of hideous bric-a-brac for the trip 
home. 

As we browsed past the half-empty 
dealers’ stalls, my wife called my attention 
to a wooden box perched precariously at an 
angle on the ground next to a still-occupied 
stall. "That box is full of electronic parts — 
maybe it’s something you’d find useful.” 

“Thanks,” I said and edged over toward 
the stall for a closer look. It was occupied by 
a man in his early twenties and an assort¬ 
ment of random junk which I estimated 
could easily load the battered ’65 Chevy 
parked behind the stall clear to the scuppers. 

I ignored the mismatched crockery and 
soiled paperbacks and concentrated on the 
contents of the box. About all that was 
visible consisted of some precision resistors 
packed in plastic bags, some manila 
envelopes and a double handful of mixed 
capacitors and garden-variety stuff. A hand- 
drawn paper sign read: $10.00 (which was 
crossed out); $5.00 (which was also crossed 
out); and finally, Make Me An Offer. 
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M&u/! 500 MHz Frequency 
Counter Kit - $175.00 

FOR SALE 

10" FACSIMILE RECORDERS 


The leading manufacturer of 18" FACSIMILE 
WEATHER CHART RECORDERS is now updating an 
existing network to solid state equipment. This updating is 
making available a number of 18" weather map recorders 
ideally suited for anyone interested in experimenting with 
facsimile. 

These recorders, with suitable receiver and FSK con¬ 
verter, can be used to monitor radio weather chart 
broadcasts as well as press wire photo transmissions. 

These recorders are priced from $50 to $200 and are 
available on a first come, first served basis. 


Call or write Mr. Armand D. Bouchard 

ALDEN ELECTRONIC X IMPULSE 
RECORDING EQUIPMENT CO. INC. 

Washington Street, Westboro MA 01581 (617) 366-8851 


HAVING TROUBLE 
GETTING PARTS ? 

TRY US 

WE HAVE THEM IN STOCK 

OUR 300 MHZ FREQUENCY COUNTER 
STILL ONLY $140.00 COMPLETE KIT 
$105.00 BASIC 


KRP ELECTRONIC SUPERMART INC. 


SEND FOR OUR FREE 
24 PAGE CATALOG 





















by 

David Brown W9CGI 
RR 5 Box 39 
Noblesville IN 46060 


Space Age Junque 


T he guy that re-named junk, junque, 
must have either been trying to be 
funny, or realized early that one man's old is 
another man’s gold! With thirteen plus years 
in electronics for fun (hobby-amateur radio) 
and profit (job-consumer electronics), I am 
just realizing "junk box” in ham magazines 
has long been misspelled. It takes most hams 
the first ten years to accumulate a good 
“junque box." The “junque box" route to 
better equipment can mean a complete item 
of surplus as easily as the bits and pieces. I 
purchased my first BC-348 for use as a 
tunable i-f for a tube type converter on 6 
meters. I liked it so well (even though I have 
a TR-6 on 6 meters now), that I guess you 
could say I got hooked on them. The station 
and "junque box" now consists of five of 
them in various configurations. 

I give you all this background because 
over these past twelve years I have collected 
every article on the breed I could lay my 
hands on. The BC series 224, 312, 342 and 
348 are all close relatives, so this article will 
apply to them as well. It is the intent of this 
article to show how to put together the 
beginnings of a top quality VHF station an 
item at a time, by spending the dollars you 


have in the best places. While this article falls 
under the construction type, it is really more 
of a job of simple reconstruction. 

We (Echo Amateur Radio Group) started 
our EME facility by compiling a list of 
already published articles, as covered by my 
article on EME, 73 Magazine, Nov. 72, 
p271. This article covers one of many 
modifications made to a BC-348 to adapt it 
for use as the primary receiver in our EME 
installation. If you can save money on the 
receiver, transmitter, or both, without sacri¬ 
ficing anything in quality, it will allow you 
to put it where it will do much more good. 
We, for instance, will be running 16 eleven 
element CushCraft antennas. Do you realize 
how little transmitter power is then required 
for use with Oscar? Not to mention what the 
huge capture area does for receiving gain at a 
point where tube or transistor noise doesn’t 
kill you. 

First things first, so for your “stew” first 
you must catch your “rabbit!" If you don’t 
already own one, you can purchase fairly 
inexpensively a BC-348 in unmodified and 
running form from many surplus dealers. 
Many don’t list them, since the demand is 
low. The whole modification can, and 


should be built, starting with the basic 
BC-348, and adding to it, checking out each 
phase as you go. 

Basic Changes 

Due to its airborne service, as part of the 
AN/ARC-8 Liaison Radio Group, the fila¬ 
ments are wired for 28 V dc and the B+ was 
derived inside the unit from a dynamotor. 
The dynamotor (u^i!) must go, and it is the 
second thing you will accomplish. The first? 
Get a schematic and get very familiar with 
the unit. Follow the signal, B+, and filament 
path, etc., through in your mind and locate 
components on your chassis. This saves 
many headaches later. Now carefully remove 
the dynamotor and tag or identify where all 
the leads attached into the chassis. From this 
point, most modifications start you rewiring 
the filaments for use with 6.3 V ac. Remem¬ 
ber what a small amount of ac does to mask 
a very small signal? Better you spend your 
time building a 20 to 28 V dc regulated 
supply on the board shown with this article 
and leave the filaments on dc! Besides, there 
are many wires down in the i-f region of the 
chassis, and some if moved change align¬ 
ment, BFO injection, etc. With this same 
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board and the second set of components 
listed, build the 160 V dc regulated supply. 
Follow the schematic and board loading 
diagram carefully, since this is the only 
"building" involved in this article. The lower 
than usual B+ is no accident. Two reasons 
most conversions ran the 210 to 255 V dc 
for B+ was they saw it on the original 
schematic, and to some degree it was re¬ 
quired by the audio output tube. To elim¬ 
inate the latter need, I have included what I 
feel to be the best way out of the "head¬ 
phone audio” found in many surplus sets. In 
fact it actually eliminates the biggest heat 
producer in the chassis and ups the audio to 
speaker level in one blow. 

Audio Changes 

Fig. 2 describes a solid state audio system 
that drives a 35 Ohm speaker to as much 
audio as you could ever need. The speaker 
and the module to be described can be 
purchased from radio-TV service stores as an 
RCA replacement item. It fits into the same 
octal socket (with an adaptor you make), 
and gives off considerably less heal. This 
audio system runs reliably from 28 V dc, so 
now you know two reasons for leaving the 
filaments on 28 V dc. It can be purchased 
for less than you could build it, and 
definitely cheaper than replacing the output 
lube when it burns itself alive! The module 
is known as MAN 002, Sound Output, Part 
#' 133455, and its socket used in making the 
adaptor is a 13 pin PC board inline. Part * 
133634. Buswire is used to connect the 
inline to a male octal per Figs. 2 and 3. The 
module only draws 10 to 60 mA idle to wide 
open. You must rewire the audio output 
octal socket in the BC-348, but this is much 
easier than trying to pull it out and notch 
out the aluminum chassis (HA!). Do it in the 
lollowing order and it goes quickly. 


Removal 

Remove the B+ leads from plate and 
screens, pins 3 and 4. Remove the audio 
output transformer. Remove the filament 
leads from pins 2 and 7 and note which is 
ground. Leave the ground connected at the 
ground end. Trace hot side to previous tube. 



and replace with same type of wire (same I 
capability) only long enough to reach to the 
area where the audio transformer was. 
Mount a terminal board having one insulated 
terminal and a ground in that area and 
mount on it a 15 Ohm/4W resistor, con¬ 
necting one end to the extended lead and 
the other end to ground. This keeps the 28 
V dc filament string series correct. Remove 
the lead to pin 1 to ground. Leave ground 
end connected. Remove lead from pin 5 
(audio in) and don’t lose the point the other 
end of this lead goes to. Remove lead to pin 
8, both ends. Pin 6 is already unused and 
should be blank. 

Rewiring 

Install a 100 Ohm ’/jW resistor in series 
with a 3300 pF disc ceramic capacitor 
between pin 2 and a ground lug. Replace the 
lead that went to pin 5 (audio in) with a 10k 
'AVI resistor with spaghetti over the full length 
leads and run to pin 2 same as the above 
connection which was a high frequency roll 
off filter. Use the wires left grounded in the 
removal process to ground pins 3 and 7, 
using the closest one to each pin. Wire a 
330k V?W from pin 1 to 4. Wire a .027 uF 
paper or mylar 100 V capacitor from pin 3 
(gnd) to pin 1. Wire a .047 uF (same type) 
from pin 7 (gnd) to pin 4. Run a lead 
(orange-for second highest B+) from pin 4 to 
a new power connector. I suggest a Cinch 
jones 12 pin type P-312-CCT. This is a 
hooded plug so the cable can leave the 
chassis through a grommet hole and plug in 


at the power supply. The power supply 
chassis mount mate is a C) type S-312-AB. 
Wire a 50 uF 25 V dc electrolytic capacitor 
with plus to pin 6 and minus to pin 5. 
Spaghetti may be needed on the leads. Wire 
an 820 Ohm !4W resistor from pin 6 to 
ground lug. This is a fixed load on the audio 
output. Speaker leads should be attached to 
pin 6 and ground and led to the new plug. 
Do not allow the lead from pin 6 to touch 
ground while receiver is on as this is a 
transistor output stage. That completes the 
change except for plugging in the adaptor 
and module. 

Since SSB is around to stay, there is one 
modification that must be made to a BC-348 
to use it effectively. Obtain a 350k audio 
taper pot and place it in the hole where the 
dial light dimmer pot is located. Remove and 
discard the dimmer and wire the bulbs direct 
(bypassing the pot). Extend the audio leads 
up through the hole used for rf section to i-f 
section leads (under the BFO switch). Mark 
this pot as volume or audio and remark the 
original dual pot rf gain. This way full or 
high audio can be used with the rf gain used 
to control i-f-BFO mixing levels. 

That completes the BC-348 T M-1 and 
M-2 modifications. Ours is up to M-12, 
although several of the other 10 are some¬ 
what specialized for Oscar and EME, such as 
full AFC, auto scan, motor control remote 
tuning, added i-f for panadaptor and discrim¬ 
inator meter — AFC take off, recorder drive, 
multi-audio out for record, etc. Each of 
these were added at very little cost, yet we 
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now have a receiver comparable to that used 
at ground tracking military stations, 

I hope to continue with follow up articles 
on the BC-348 T and other of our EME 
equipment to help generate interest in EME 
and the fascinating world of Oscar, and 
convince you that there are inexpensive 
ways of participating in these projects 
cheaply and without a huge antenna farm on 
your lot. I would be happy to help in any 
way I can on the BC-348 modifications in 
this article, but please make the questions as 
clear as possible and confine them just to 
these modifications and not the BC-348 as a 
whole. Don't forget an SASE. 

Happy and “quiet" listening on your new 
breed “junque" receiver. ■ 
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(Mar) 

Time 

(GMT) 

Longitude 
of Eq. 
Crossing W 

Mode 

Orbit 

Date 

(Mar) 

Time 

(GMT) 

Longitude 
of Eq. 
Crossing W 

15432 

1 

0105:17 

70.4 

A 

5905 

1 

0050:19 

62.4 

15444 

2 

0005:13 

55.4 

8 

5918 

2 

0144:36 

76.0 

15457 

3 

0100:09 

69.2 

AX 

5930 

3 

0043:56 

60.8 

15469 

4 

0000:05 

54.2 

8 

5943 

4 

0138:13 

74.4 

15482 

5 

0055:01 

67.9 

A 

5955 

5 

0037:34 

59.2 

15495 

6 

0149:56 

81.7 

B 

5968 

6 

0131:51 

72.8 

15507 

7 

0049:52 

66.7 

A 

5980 

7 

0031:11 

57.6 

15520 

8 

0144:48 

80.4 

B 

5993 

8 

0125:28 

71.2 

15532 

9 

0044:44 

65.4 

A 

6005 

9 

0024:48 

56.0 

15545 

10 

0139:40 

79.2 

BX 

6018 

10 

0119:05 

69.6 

15557 

11 

0039:36 

64.2 

A 

6030 

11 

0018:25 

54,4 

15570 

12 

0134:31 

77.9 

B 

6043 

12 

0112:42 

68.0 

15582 

13 

0034:27 

62.9 

A 

6055 

13 

0012:03 

52.8 

15595 

14 

0129:23 

76.7 

B 

6068 

14 

0106:20 

66.4 

15607 

15 

0029:19 

61.7 

A 

6080 

15 

0005:40 

51.2 

15620 

16 

0124:15 

75.4 

B 

6093 

16 

0059:57 

64.8 

15632 

17 

0024:11 

60.4 

AX 

6106 

17 

0154:14 

78.4 

15645 

18 

0119:06 

74.1 

B 

6118 

18 

0053:34 

63.2 

15657 

19 

0019:02 

59.1 

A 

6131 

19 

0147:51 

76.8 

15670 

20 

0113:58 

72.9 

B 

6143 

20 

0047:11 

61.6 

15682 

21 

0013:54 

57.9 

A 

6156 

21 

0141:28 

75.2 

15695 

22 

0108:50 

71.6 

B 

6168 

22 

0040:49 

60.0 

15707 

23 

0008:46 

56.6 

A 

6181 

23 

0135:06 

73.6 

15720 

24 

0103:42 

70.4 

BX 

6193 

24 

0034:26 

58.4 

15732 

25 

0003:38 

55.4 

A 

6206 

25 

0128:43 

72.0 

15745 

26 

0058:33 

69.1 

B 

6218 

26 

0028:03 

56.8 

15758 

27 

0153:29 

82.9 

A 

6231 

27 

0122:20 

70.4 

15770 

28 

0053:25 

67.9 

B 

6243 

28 

0021:40 

55.2 

15783 

29 

0148:21 

81.6 

A 

6256 

29 

0115:57 

68.8 

15795 

30 

0048:17 

66.6 

B 

6268 

30 

0015:18 

53.6 

15808 

31 

0143:12 

80.4 

AX 

6281 

31 

0109:35 

67.2 



Cx 


Because of the Canadian postal 
strike, last minute corrections to 
"RTTY Autocall - the Digital Way" 
(February, pp. 76-82) were not 
received in time for publication. The 
corrections are as follows: 

• Page 76. The correct code for 
Calgary is T3A 3A9. 

• Page 76, col. 1, line 20. Should 
read, "diodes, ICs and many resistors 
and." 

• Page 76, col. 2, line 10. Should 
read, "units) such features as the 
NNNN shut." 

• Page 77, col 1, line 4. Should 
read, "as keyboard-operated per¬ 
forator turn on/off." 

• Page 78, Fig. 2. "AA IN" and 
"CA IN" should be reversed. Also, 
"FORCE ON C" should have been 
inserted connecting to the top 7474, 
in a fashion the same as for the 
connections of "FORCE ON B" and 
"FORCE ON A." 

• Page 79, col 1, line 30. This note 
should have been added at the end of 
the "Clock" paragraph: "If, when first 
powered up, the clock does not start, 
momentarily ground pin 15, V4. This 
will allow the clock to run through 
once. Operation after this will be 
normal." 

• Page 81, col. 1, line 5. Should 
read, "printed circuit board that is 
stacked on top of." 
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Board Bonanza 


by 

Everett C. Magee WA4LZM/W5SAY 
6260 N.E. 20th Terrace 
Fort Lauderdale F L 33308 


A PC 


T he amateur experimenting with solid 
state projects certainly must have a 
well stocked junk box these days. Higher 
minimum order requirements, spiraling 
prices, failure of distributors to stock catalog 
items and slow delivery have left many of us 
with unstarted or unfinished projects. And it 
is getting worse! 

The accumulation of tube vintage parts 
are of little, if any, use in solid state 
circuitry. On the other hand most of the 
mini discrete devices can be used to some 
advantage in even the latest 1C lash ups. 

The solution to the above, at this QTH 
anyway, is surplus PC boards. Let the buyer 
beware! There are circuit boards and then 
there are circuit boards. Keep away from the 
encapsulated board as well as the older and 
larger boards for obvious reasons. 

As an example of the circuit board 
bonanza, I have acquired and stripped (with 
85% recovery of parts) over sixty boards 
within the past six weeks. They were the 
small 2"x2'/i" computer boards, look new 
and were probably thrown out due to an 
imperfect test or were replaced by modern 
circuits. I kept a record of the most recent 
batch stripped. Here are the results. Out of 
23 boards, costing 42.90, the following 
components were recovered: 

126 transistors, mostly plastic, GP or 
switching- types such as 2N3638, 2N3640 
and 2N3646 or equal. 

343 resistors. 290 were / W 5%, others 
were /■ W 5% or !4 W 1%. All good values. 

61 capacitors. 45 were Mylar and 18 were 
SM midgets. 5 were Erie piston trimmers, 


each with a catalog price in excess of that 
paid for the whole batch of boards. 

171 diodes, both silicon and germanium, 
equal to 1N914, 1N60 and 1N270, etc. 
Several were zeners in the 4 to 8 V range. 

22 right angle, 15 pin connectors. These 
are perfect for joining a display board to a 
main board for counters and clocks. 

As I mentioned earlier approximately 
85-90% of the recovered components passed 
a preliminary test, were separated according 
to type or value and stored in partitioned 
plastic boxes for future use. Of the small 
percentage of rejects some were damaged in 
removal while some may have been defective 
when received. No component, new or used, 
is installed at this QTH without prior test. I 
learned that the hard way. 

To accomplish the above high recovery 
rate takes patience, a good desoldering tech¬ 
nique and the proper equipment All equally 
important 

Let’s start with the equipment I will first 
list the minimum requirements then follow 
up with some very desirable additional 

The basic tools are as follows: Needle 
nosed pliers, 4 or 6 inch. These should be of 
best quality with a sharp needle point, Klein 
303-6 or equal; a solder aid/scriber equal to 
Moody MS-2; a small pocket type screw¬ 
driver, Xcelite R-3323 or equal; a small 
sharp pocket knife; a small vise; and a small 
soldering iron, such as an Ungar No. 776 
with Nos. 1235 and 535 heating elements 
plus No. 331 and the No. 6940 Princess 
minitip. (More about this soldering iron 
combination later.) 


The following items would make the 
work easier and would probably reduce the 
number of damaged components: A small 
multiposition vise such as Lafayette's 
13P55916 would permit positioning the 
board at a more convenient angle; a combin¬ 
ation bench light and 5” magnifier would 
help see those tiny leads and reduce eye 
strain; and a variac or equal would control 
the soldering iron temperature to just 
enough for the job at hand. 

Now a word about that all important 
technique: We start with the choice of 
boards. Look for unencapsulated, 1/16" 
thick, foil on one side boards containing the 
items you want. Some transistors are user 
coded and, until someone comes up with a 
conversion table, might complicate your 
selection and testing. The component leads 
usually are cut about 1/16 to 1/8" longer 
than the board thickness and crimped before 
soldering. This is what we want. 

We start with the transistors since we 
have no way of heat sinking them. Set up 
the 1235 element with a 6950 tip at about 
80 V, if a variac is used, so that you have an 
element full of heat, at a low value, trans¬ 
ferring instantaneous heat thru the minitip 
when it touches the foil. Hold the board in 
your hand, in a vertical plane, about 6 or 8 
inches from the vise, touch the CLEAN tip 
to one of the foil pads J UST long enough for 
the solder to become fluid then QUICKLY 
remove the iron and at the same lime lap 
the edge of the board smartly on the vise. 
The molten solder will fly off leaving the 
lead clearly visible. Lift the lead, with the 
knife blade, clear of the pad to a perpen- 




Repeat the operation with the remaining 
leads in sequence. Do not desolder more 
than one lead at a time. The time used in 
lifting the lead allows the transistor to cool 
off a bit between heats. After the third lead 
is freed turn the board over and, using the 
knife blade, pry the transistor from the 
board. Straighten the leads with the pliers 
and lay aside for later testing. Remember, 
too much heat or heat applied for too long a 
time will ZAP the component. 

Next in order of fragility are the diodes. 
Fortunately we can heat sink them by 
sliding one jaw of the pliers under the lead, 
grasping the lead firmly, then as heat is 
applied to the foil side we lever the diode 


pulling action straightens out the crimp as 
the lead comes free. 

The same approach may be used on the 
capacitors and resistors. In some cases the 
scriber point must be used to lift the lead 
enough for the pliers to be slipped under it. 
While removing diodes, capacitors and resis¬ 
tors no tapping is required. Just clamp the 
board in the vise and use the iron in one 
hand and the pliers in the other. 

The angle connectors are salvaged by 
using a hotter soldering combination plus 
the tapping technique to remove the solder 
before prying them free with a screwdriver. 
Work from both ends as the connectors are 
easily broken. 


pleted, sort the components, test and store 
them for future use. The GO-NO GO testing 
is done here using the Heath IT-10 Transis¬ 
tor Tester and a Simpson Model 260 Multi¬ 
meter. An adaptor for the small transistors 
was made by soldering spring wire contact 
and leads to the proper pads of one of the 
stripped boards to allow testing in the IT-10. 
While the transistor leads are short they will 
fit thru a 1/16” board perfectly and are of 
top quality. 

Surplus boards are available from many 
sources and at prices ranging from give away 
to all the traffic will bear. Select your PC 
boards with care. If you can’t use the parts 
it’s no bargain at any price. ■ 


A.R.R.L. 
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by 

Robert Villastrigo WN5NBE 
309 Irvington Place 
San Antonio TX 78209 


Government Surplus: 
Is It All Gone? 


T he label on the crate said “Radio 
Transmitter,” and gave the coded 
model number. I knew that this particular 
model cost the U.S. Government $1235, and 
considering the paltry few cents I had 
bought the crate for, I eagerly pried open 
the crate and dug through five pounds of 
packing material to get at my prize. But I 
found no new radio transmitter. I found 
instead a dusty, half-empty wine bottle - 
and a cheap brand at that. 

I was understandably disappointed, but 
not exactly surprised; buying from the 
world's largest and cheapest department 
store, the Defense Property Disposal Service, 
has increasingly become a test of patience, a 
kind of Russian roulette filled more and 
more with pitfalls. Sad to relate, the DPDS is 
rapidly losing its rating due to an apparent 
shortage of materials. Worse, the quality of 
the material available is declining, as is the 
frequency of the sales themselves. Another 
barometer is the price of the lots; costs have 
doubled and even trebled within the past 
few years. To cite some examples: Elec¬ 
tronic equipment and spare parts weighing 
ten thousand pounds went for four cents a 
pound a year ago; now you will have to pay 
as much as thirteen cents a pound for the 
same amount of stuff. Last year, you could 
buy instruments at sixty-five cents a pound; 
now the same instruments at surplus will run 
you well over a dollar a pound. I recently 
paid nearly twelve dollars a pound for some 
Hewlett-Packard test equipment - double 
the rate I paid eighteen months previously. 
There are instances to make both the 


taxpayer and the surplus buyer blanch. A 
short time ago 345 individual lots of elec¬ 
trical and electronic equipment came on the 
market. The lots cost the U.S. Government 
- and hence the taxpayer - just under $8 
million. The whole shipment was sold off for 
$127,000. Much of the equipment was 
brand new, and most of it was still packed in 
original containers. Electronic lab equip¬ 
ment, aircraft parts and instruments that the 
U.S. paid $6 million for was parceled out to 
surplus buyers for less than $75,000. A good 
deal for the buyers, a bad deal for the 
taxpayers. 

As staggering as these figures are, they are 
a drop in the bucket compared with what 
went on following World War II and the 
Korean War when you could buy an aircraft 
carrier at the scrap price of two cents per 
pound. The catch, of course, is that you had 
to move the thing yourself; this could be a 
problem if you lived in Boise, Idaho. 

The surplus buyer's problem today is 
finding lots that contain worthwhile elec¬ 
tronic equipment at prices that make their 
resale really worthwhile. And it's getting 
tougher all the time. Government contracts 
for defense have been sharply reduced, and 
in some cases cut altogether. New contracts 
for design and manufacturing are practically 
non-existent. Foreign aid programs have felt 
the weight of the Congressional axe. The 
wake of the war in Vietnam left no bonanza 
for the American surplus buyer; most of the 
goods left over from that war are being 
funneled right back to Southeast Asia and, 
increasingly, to Israel. Only driblets seep 
back to the country of origin, i.e., here, for 


sale to the public that paid for them in the 
first place. 

I talked to one of the nation's top dealers 
in surplus electronics, Ray Kilby, who has 
some advice for anybody who wants to get 
into the surplus game. Kilby is an executive 
with S.P. Airparts in North Hollywood, 
California, and is ranked among the most 
prolific buyers of surplus materials. Kilby's 
prime concern is stockpiling parts and units 
against the day when the surplus supply is 
truly exhausted. To beginners who are con¬ 
templating bidding on their first batch of 
surplus as an entry into the game, Kilby has 
this to say: "Don't! It takes more years to 
learn the little things about this business 
than it does for any other professional to 
learn the big things about his profession. 
You don’t stand a chance — unless you 
happen to be wildly lucky. Competition is 
pretty fierce right now, and is not liable to 
lessen. The average man can't plot a money¬ 
making career by waiting around to get 
lucky, and luck is the name of the game for 
the amateur surplus buyer.” 

If you decide that your luck is running 
good and want to go against veteran Kilby's 
advice, bear in mind that Government stocks 
arc not as large as they have been in years 
past, and that you will be bidding against the 
pros—guys like Kilby. It’s better, and safer, to 
buy the odd piece from your local junkyard 
or surplus store. Begin your own stockpile of 
items that will grow in value. Those ten-for- 
a-dollar printed circuit boards won’t be 
around much longer. The $20-$30 receivers 
and transmitters that, with a small conver¬ 
sion, were so popular with hams and SWLs, 
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have all but vanished from the shelves. The 
latest government receiver on the market has 
a digital readout and goes for anywhere from 
$500 to $1400, depending on the condition. 
And there are not a great deal of even these 
expensive items available. 

The top-ranked test equipment is just not 
making it to the shelves; most is being 
gobbled up by companies who are in the 
business of reconditioning and resale for a 
staggering price that can be afforded by a 
corporation, but not by the hobbyist or 
small businessman. Another factor facing the 
small buyer is the sheer sophistication of the 
equipment that sometimes becomes avail¬ 
able; some of it is so specialized that it is 
useless for any function other than the one 
it was designed for. 

Okay, so the picture is a little dark for 
those who might like to break into the 
surplus field as a career. This doesn’t mean 
that the hobbyist or the inveterate do-it- 
yourselfer has to forego the pleasure of the 
hunt or the personal rewards of scouting for 
bargains. They are good buys in some items 
that haven’t made it to the commercial field 
of electronics and won't have any industrial 
use until the advances made in military 
electronics are made available to the con¬ 
sumer. What we arc talking about is real war 
surplus: overruns, over-purchased and over- 
ordered electronic equipment designed for 
the military, usually developed far in 
advance of the consumer market. Some of 
this stuff is really a stripper’s delight, con¬ 


taining as they do many of the newer solid 
state devices that have a healthy price tag 
when bought new. A few power supplies are 
surfacing among the unidentifiables, and 
most have low voltages and are near-perfect 
for transistor applications. 

A recent report from the West Coast 
reveals that the U.S. Government is bull¬ 
dozing tons of good electronic equipment 
and turning it into a mass of unusable junk. 
The electronic equipment, ground to bits, 
was worth millions, destroyed, the Govern¬ 
ment says, because it had not been "demili¬ 
tarized." In government jargon, to 
demilitarize is to render equipment unusable 
in its original form. In the past, a technician 
demilitarized a piece of equipment by using 
a pair of side cutters to snip off a plug or 
remove a meter. The equipment was 
rendered inoperable - but it was repairable. 
Unfortunately, this method of demilitariza¬ 
tion has been brought to an end; the 
equipment is simply destroyed beyond 
redemption. Sadly enough, there are 
instances where the identical equipment can 
be purchased across many electronic dealer 
counters in pristine form but for out¬ 
rageous prices. If the public could have 
access to the plowed-under electronics, pur¬ 
chasers could have a real break on a fair-bid 
basis. What to do? Write your Congressman. 
If the present policy continues, the shortages 
will become even greater, the prices higher. 
It could come to the point where the great 
middle ground will vanish, leaving the 


individual purchaser no choice but outright 
junk or goods priced above his head. 

Until that day comes, here are a few basic 
guidelines to the surplus shopper. When 
examining items, pay close attention to the 
way the crates are tagged. The items are 
tagged with one of three colors on tags 
about 3x8 inches. Yellow means that the 
described item is new or in operating con¬ 
dition. Green indicates an item that doesn't 
work, but that is repairable. IK red tag means 
disaster; even government technicians are 
unable to fix whatever is wrong. These tags 
are usually correct, and a quick glance can 
save you plenty of grief. But remember that 
the really good stuff is going out the back 
door as soon as your local surplus dealer 
unloads the truck. The big dealers are there, 
waiting and, as the shortages grow, so will 
the lines of those waiting for good deals. 
Your best bet is to cultivate the friendship 
of one dealer; most will save wanted items 
for faithful customers. 

If the flow of surplus material continues 
to choke off, many dealers who have had 
second homes at redistribution centers will 
fade from sight. Buildings and property 
around these once-bustling centers will 
become vacant. The employees, once 
junkmen, will become junkmen again. 
Leaving the empty warehouses, they will 
take to the roads in flatbed trucks, looking 
for junk. They will be hoping that someday 
the good times will roll again. 

If there’s another war, that is. ■ 
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Inherit the 


by 

Warren L. MacDowell W2AOO 
11080 Transit Road 
East Amherst NY 14051 


A n accurate wind speed indicator 
(anemometer) is especially difficult to 
design. The most significant problem 
becomes apparent when very low wind 
speeds are involved. The most common 
anemometer is the rotating “cup” device 
that in turn drives a small generator or 
electronic indicating device. The “cup” 
anemometer, at low wind speeds, must be 
very efficient (wind capture wise) and have 


little friction so as to detect low wind 
speeds. 

The accepted reference for wind speed 
indication is a tube of a known diameter 
bent at a 90° angle which then directly feeds 
an air pressure meter. Of course, this tube 
must face the oncoming wind directly at all 
times and all tube dimensions must be taken 
into consideration. The air pressure meter 
readings are then converted to wind speed in 



Fig. I. Anemometer light activated trigger. PT-1 - Radio Shack FPT-100 phototransistor; Ql, Q3 - 2N3906 NPN silicon 
transistors; Q2 - 2N2222 NPN silicon transistor; Q4 - 2N3643 NPN silicon transistor. Ri - 10,000 Ohm trimpot; R2 - 10,000 
Ohm, A Watt carbon resistor; R3, R9 - 2200 Ohm, A Watt carbon resistors; R4 - 22,000 Ohm, A Watt carbon resistor; R5 - 
18,000 Ohm, 'A Watt carbon resistor; R6 - 27,000 Ohm, A Watt carbon resistor, R7 — 1800 Ohm, % Watt carbon resistor; R8 - 
33,000 Ohm, A Watt carbon resistor. 



WOODEN 


Wind 


miles per hour, depending on air density, 
temperature and whether or not a bird is 
resting on the tube (coefficient of air 
friction depends on size of bird, number of 
feathers on body and how many seeds he has 
eaten the day before — owls excluded due to 
excessive mass). 

Various other types of anemometers have 
been created. For example — those that 
expose an electrically heated wire to the 
wind and then measure the specific resis¬ 
tance of the wire. As the wire is cooled by 
moving air, the resistance would change 
accordingly. 

The average ham shack in this day and 
age possesses a digital frequency counter 
with at least a one second input gate time. 
(If not, begin construction of one imme¬ 
diately.) Now, assuming that you have a 
frequency counter, you also need a device 
planted on your roof top that follows the 
wind speed and will produce one pulse every 
second when the wind speed is one mile per 
hour. 

Creating a pulse that will trigger the 
counter is not much of a problem. Devising a 
way to generate this pulse at one time per 
second at one mile per hour is another story. 
We decided to generate the trigger pulse by 
using a rotating disc with a single hole drilled 
in its periphery to admit a light pulse. If a 
light emitting diode was placed above the 
rotating disc and a phototransistor below the 
disc, the hole would pass pulses of light as 
the disc was rotated. Phototransistors are 
very responsive and fast switching devices. 


TO CUP ASSEMBLY 






Fig. 4. LED — phototransistor cable. D1 — high intensity red light emitting 
diode (any bright dear red LED); PT1 — FPT-100 phototransistor (Radio 
Shack); R1 - 220 Ohms, A Watt carbon resistor; Coax — RG/59U or smaller. 
Miniature mike cable will also work. 



LM 309 K 
BOTTOM VIEW 


Fig. 5. Frequency counter anemometer power supply. Cl — electrolytic 
capacitor; D1-D4 - 1N4002 silicon rectifiers (50 V, 1 Amp or more); FI - 
slow blow fuse; TJ - 117 Vac primary, 6.3 ac secondary 1 Ampere filament 
transformer; U1 - National LM309K 5 volt voltage regulator. 


An LED as a light source should have a 
reasonably unlimited life span (the LED 
doesn’t have a filament so theoretically 
never burns out). 

The size of the rotating disc and position 
of the light passing aperture hole was deter¬ 
mined as follows: 

If the wind speed is one mile per hour, 
the air molecules must travel 5,280 feet or 
63,360 inches in one hour (5,280 feet x 12 
inches). Therefore if we have a small disc 
(friction free) driven by a cup type anemo¬ 
meter, it must have a circumference that 
would travel one mile in one hour when the 
wind speed is one mile per hour. If 63,360 
inches = 1 mile and 3600 seconds (60)(60) = 
1 hour then: 

63,360 

3600 

would equal the distance in inches that must 
be traversed in one second to equal 1 mile 
per hour or 17.6". 17.6” would be the 
circumference of the disc with the light hole 
exactly at the edge. It is easier to construct a 
larger disc and drill the hole at the 17.6” 
circumference point. The diameter of a 
17.6” circumference disc would be: 

C 


or 5.6”. The radius therefore would be h of 
5.6" or 2.8" from the exact center of the 
disc. 

We happened to run across a “high 
intensity” red LED at a local hamfest and 
used this as the source of light for the 
phototransistor. Any common garden 
variety LED should work equally as well, as 
the dc amplifier following the phototran¬ 
sistor has plenty of gain. Of course the 
enclosure containing the LED/phototran- 
sistor combination must be reasonably “light 
tight" or extraneous sunlight will produce 
erratic readings. 

The phototransistor used is a Radio 
Shack FPT-100. These sell in the neighbor¬ 
hood of 19i- Of course there are many other 
types of phototransistors available and all 
are quite reasonable in price. 

The FPT-100 phototransistor is capable 
of very fast response. It has a much faster 
response time than will ever be required by 
the anemometer trigger disc. If you want to 
make sure that the phototransistor is really 
functioning, attach a light emitting diode to 
an ac source such as a 6.3 ac filament 
transformer in series with a 1000 Ohm 
current limiting resistor. The 1000 Ohm 
resistor is a nominal value and may have to 
be decreased to obtain sufficient light 
intensity from the LED. Place the ac illum¬ 
inated (modulated) LED directly in front of 
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the phototransistor and attach the output of 
the amplifier to your counter. The observed 
count should be 60 Hz. A more exotic 
method is to illuminate and modulate the 
LED with an audio generator. The counter 
should read the audio frequency directly as 
the phototransistor responds to the audio 
modulated LED. This virtually is the same as 
a photocell detecting audio from varying 
film density in a motion picture projector. 

We have covered the construction of the 
rotating disc trigger and bearing support 
assembly. The next device is the rotating 
“cup” assembly. It is difficult to “peen” soft 
metal into a perfect cup shape to form the 
air scoops. We thought of using commer¬ 
cially manufactured soup ladles which are 
close to the desired shape. However, it 
seemed wasteful and expensive to hack up 
four perfectly good soup ladles. It finally 
occurred to us that L’eggs pantyhose con¬ 
tainers are just about perfect for this applica¬ 
tion. These egg-shaped plastic containers 
split in half and provide two cups for the 
anemometer assembly. Therefore two L’eggs 
containers are required for the anemometer. 
If you haven’t access to these containers, 
convince the XYL that these are definitely 
necessary to beautify her legs beyond belief 
and at least two pair are required should a 
“run” occur in one set. 

The L’eggs halfshell is drilled so as to 
admit a coathanger wire toward the front 
half of the parabolic shape. Epoxy cement is 
used to secure the coathanger wire when 
inserted through the plastic halfshell. These 
plastic shells are weather resistant and 
normal corrosion will not take place. They 
are light and respond well to wind “excita- 

Fig. 1 is the fundamental C.C. amplifier 
that senses the variation in resistance of 
PT-1. This amplifier also provides the pulses 
of sufficient amplitude to drive a frequency 
counter. Parts placement is not critical so 
this amplifier may be constructed as a 
printed circuit or breadboard. As with any 
amplifier, the entire assembly should be 
shielded to prevent hum pickup or other 
extraneous outside noise. 

Fig. 2 illustrates the mast attached box 
containing the LED-phototransistor sensor 
and rotating disc. The wooden box should 
be water and light tight. 

The remaining illustrations are self- 
explanatory when constructing the anemo¬ 
meter. 

What we have described is a device that 
will provide an interesting addition to your 
present frequency counter. At least it will 
remind you of when it is necessary to crank 
down your expensive 10 element 20 meter 
beam when the wind becomes beyond 
limits. ■ 
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Stereo - A New Type of 
CW Filter 


by 

Robert L. Anderson W8KZM 
391 Pleasant Ridge Ct. 

Saline Ml 48176 


D oes this sound like a familiar situation? 

You just installed a narrow band CW 
filter in your receiver and are now ready for 
that upcoming CW contest. Comes the week¬ 
end, and with it disappointment! Those rare 
multiplier contacts arc still buried with 
strong QRM on each side. Your new filter is 
sharp, 400 Hz or so wide, with steep skirts 
on each side. However, somehow when you 
tune one QRMing station off on the low side 
of the filter, the station that was just off the 
high side is now S9, and the rare DX is still 
unreadable. 

Having been in this situation myself 
during contests, or even in periods of heavy 
CW activity, I wondered if there was a way 
to further untangle the CW signals from each 
other. My particular receiver is the Heath 
SB-301 with the conventional 400 Hz CW 
filter. A still sharper filter might be an 
answer, but there are problems of dash-dot 
slurring due to the narrower bandwidth and 
filter ringing. 


I then thought about using a pair of 
stereo headphones (or two speakers) 
together with a pair of high Q filters fo 
channel each end of the 400 Hz CW filter 
passband into separate audio channels, 
thereby creating a "stereo” effect. It seemed 
to me that by doing this, it should be 
possible to use the ability of the brain to 
distinguish between the signal level arriving 
at each ear and to "compute” a location in 
space for the origin of the sound. With such 
a system, CW signal at 800 Hz would appear 
to come from the left and 1200 Hz signal 
from the right. Signals at frequencies 
between 800 and 1200 Hz would “appear” 
to come from various azimuth angles 
depending on the specific frequency as 
shown in Fig. 1. Tuning across the band, a 
signal will appear first to one side of the 
operator, then appear to drift across in 
front, and finally appear loudest in the other 
side before disappearing completely. By 
adding the feeling of spatial dimensionality 
to an incoming signal, it should make it far 



Fig. 1. CW stereo filter in operation. 800 Hz signals come from 
operator's left, and 1200 Hz signals from the right. Those 
signals in between (1000 Hz) will "appear" to come from 
directly In front of the operator. 


Fig. 2. Filter response curves. 









easier for an operator to concentrate on a 
single signal in the presence of several other 
QRMing signals on slightly different fre¬ 
quencies. 

The Filter 

The two separation filters were designed 
to have the characteristics shown in Fig. 2. 

One filter was designed to peak at 800 Hz, 
which is the low end of the passband for the 
CW filter in the SB-301. The other filter was 
designed to peak at the high end of the CW 
filter passband, or 1200 Hz. The Q of the 
filters was adjusted so that each channel will 
supply exactly 0.5 of its peak output signal 
at 1000 Hz. 

The Circuit 

The circuit for accomplishing this is 
relatively straightforward, and uses 88 milli¬ 
henry toroid filters to divide signals into the is unconventional and understanding the 

two separate frequency dependent channels. principles of its use will be of help in 

The entire circuit (see Fig. 3) consists of a troubleshooting the circuit. The LM3900 

single LM3900 quad operational amplifier consists of four high-gain linear operational 

and two power transistors for active com- amplifiers in a single 14 pin DIP package, 

ponents. The first amplifier section is simply Each amplifier has a unique input circuit, 

a linear preamp to assure adequate voltage called a "current mirror” rather than the 

levels at the filter section. The two filters conventional differential transistor pair. The 

L|, Ct and 1-2, C2 are the 1200 Hz and 800 LM3900 is designed to operate from a single 

Hz filters respectively. Two more amplifiers supply. A schematic showing the connection 

buffer the outputs of the two filters and of one LM3900 amplifier section as an ac 

drive the bases of the output transistors Q| coupled amplifier is shown in Fig. 4. 

and Q2- Correct dc biasing of the LM3900 is 

Since stereo headphones are generally low accomplished with R] and R2. The amplifier 

impedance (4-16 Ohms), some extra current output dc level is usually set to be equal to 

gain, provided by Qj and Q2, is necessary. one-half of the supply voltage to give maxi- 

If, however, high impedance headphones mum ac signal swing. R] is selected to give 

(2,000 Ohms) are available, or fabricated by approximately 10 uA of current into the 

rewiring a pair of standard high impedance positive input port, which acts essentially 

headphones, then Qi and Q2 could be like the base of a NPN transistor: 

eliminated. Don’t forget to keep the 35 uF V - 0 6 

blocking capacitors in the circuit, however! 12 = s -— 

R 1 

The 3900 Quad Operational Amplifier With R2 connected, the amplifier output 

For those unfamiliar with the LM3900, a will increase until It = I2, assuming amplifier 

few words on its design are in order since it saturation does not occur first. The LM3900 
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operational amplifiers operate on a current 
input balance and not a voltage input 
balance as do other amplifiers. 

Since: 1} = I2 and E out = Ej/2 

then R2 - Rj/2 


The ac gain is set by: G ac = R2/R3 


And Ci is selected such that for the lowest 
frequency of interest (f|ow) : 


2 * (flow) R3 


The Hardware 

The circuit was built on a PC board and 
then mounted on a Ten-Tec Model JW-8 (6” 
x 8” x 2'A") cabinet. The gain and balance 
controls were mounted together on the right 
side of the front panel and the power switch, 
pilot lamp and three circuit phone jack on 
the left. See photo of the unit. The circuit 
can be powered by either a 6 or 9 volt 
battery or an internal 6-9 V dc, ac line 
power supply. The dc current requirement is 
approximately 200 mA. 

The Results 

The initial tests of the CW stereo filter 
were made using a pair of 16 Ohm Utah 
compact hi-fi speakers spaced about 4 feet 
apart and 2 feet above the operating posi¬ 
tion. The results were quite dramatic! The 
entire shack seemed to "fill" with the sound 
of the receiver background noise and CW 



Fig. 5. Optional output stage (2 required). T1 - 5000, to 80 
output transformer. 


signals, giving a feeling of listening depth 
never experienced before. Tuning across 
signals in the crowded portion of 40 meters, 
signals did indeed appear first on the left, 
seem to drift across the operating position 
and then dominate the right side. Tuning in 
two signals, less than 400 Hz apart, there 
was a definite dimensional quality to the 
signals. It seemed very much easier to 
concentrate, for example, on the W6 coming 
from the left and the CR6 calling CQ DX 
coming from the middle right hand side. 

Speaker phasing is quite important, and a 
noticeable change in the "signal-in-the- 
middle” effect was noted if the speakers are 
out of phase at 1000 Hz. When first setting 
up the system, experiment with the speaker 
phasing by reversing the leads to one of the 
speakers to see which configuration pro¬ 
duces the best “signal-in-the-middle” effect 
at 1000 Hz. When the speakers are phased 
correctly, a 1000 Hz note should appear 
equidistant between the two speakers, and 
the signal should make a smooth transition 
between the two speakers when sweeping 
between 800 and 1200 Hz. There should 
also be a noticeable improvement in the 
“dimensional” effect when the speakers are 
phased properly. 

If sufficient sound level cannot be 
obtained without distortion, then a higher 
output driver stage, such as the one shown in 
Fig. 5, is recommended. 

The results using a pair of stereo head¬ 
phones were not quite as dramatic as with 
loudspeakers, yet were still quite effective. 
Some of the "dimensionality” appears to be 
lost by using headphones, yet the separation 
of signals into the right and left hand 
channels is still quite apparent. Again, some 
experimenting with the headphone phasing 
is necessary to achieve the best effect. Since 
most stereo headsets employ a common 
ground, the connections may have to be 
reversed inside the plug or one headphone 
itself. 

And Some Conclusions 

This circuit is, I believe, a somewhat 
unique approach to the problem of separ¬ 
ating QRMing in CW signals from each other. 
I would be interested in hearing from any¬ 
one else who decided to try this circuit to 
learn what their results and experiences were. 

Further improvements can no doubt be 
made to this initial concept. One possibility 
is the addition of a third center speaker 
channel tuned to 1000 Hz to improve the 
dimensional effect. This would work, 
obviously, for the speaker method only, 
unless you have somehow been uniquely 
blessed with three ears! Also, I can supply 
PC boards for the circuit described in this 
article for $6.00 each. ■ 


SO 




160 m Solid State 
Receiver 


by 

Jim Wailich VK3ANY 
154 Balwyn Road 
Balwyn, 3103 
Australia 


printed from Amateur Radio, The 
reless Institute of Australia, 

tober, 1974. 


I t was decided to build a receiver rather 
than to convert a broadcast band 
"tranny" as it was considered that the 
normal cheap transistor portable would lack 
some essential refinements as well as sensi¬ 
tivity. What was aimed at was a set of such 
design that could be easily duplicated and 
therefore was not too complicated and did 
not require critical adjustment. Sensitivity 
was to be comparable to any good communi¬ 
cation receiver and selectivity to be adequate 
for present activity in the VK3 area. 

With these standards in mind a design 
which appeared some time ago in a British 
magazine was used as a basic format. By 
certain modifications and by leaving out 
what were regarded as superfluous refine¬ 
ments, an excellent “bird’s nest" was pro¬ 
duced on the bench and in due course this 
was drawn up and built on a printed circuit 
board. The final circuit is shown in Fig. 1. 
Tests carried out by VK3GK were so 
successful that the design is offered for the 
consideration of other amateurs. 

Circuit Description 

Firstly, it was decided to use germanium 
transistors as a number of these were avail¬ 
able and had to be used up. Secondly, as an 
audio strip was also available this was incor¬ 
porated into the unit although the enter¬ 
prising builder can readily build his own. 






The space on the board will easily accommo¬ 
date one of the audio ICs now available. A 
little circuit designing is all that is required 
together with some modification of the PCB. 
A small (2/2 inch) speaker could, it was 
discovered, be fitted to the board. 

As will be seen the circuit follows conven¬ 
tional design. VC1A, VC1B and VC1C are 
ganged. Additionally, as shown, there is a 
small peaking capacitor across L3. This was 
found most useful as it compensates for any 
poor tracking that may occur when exact 
component values are not used. This 
capacitor may be 10 to 15 pF. It has been 
suggested that VC1A could be separate from 
the other two tuning capacitors in view of 
the difficulty and expense that may be 
encountered in obtaining a 3 gang unit. In 
practice such an arrangement does leave 
quite a lot to be desired as when it is off 
tune it really masks signals and consequently 
weaker signals may be missed. If a 3 gang 
cannot be obtained then one may be made 
up from a 2 gang and a single gang. 

The IF transformers came from discarded 
broadcast receivers and are the small 5 pin 
type. It will be observed that in the case of 
IFT1, 3 and 5 the collectors are connected 
to the tap nearest to the cold end of the 
primaries. The resistance from the tap to coil 
is about 1 Ohm and the resistance from the 
tap to the other end is 2 to 3 Ohms. There 
are several different configurations for these 


transformers as shown in Fig. 3. IFT1 and 5 
used in the receiver are type A whilst IFT3 is 
type B as illustrated. The constructor will 
have to check this point when selecting his 
IFTs. 

At first sight the AVC circuit may appear 
very lightweight. Flowever it is in fact very 



Top view, showing placement of major components. 
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Fig. 2. 


effective and no blocking occurs even on the 
strongest signals. The “S” meter uses a 
tuning indicator/battery level indicator from 
an old transistor set. Even when purchased 
new they are cheaper than ordinary meters; 
they are small and give a perfectly satisfac¬ 
tory indication of signal strength. The meter 
is adjusted to read half scale for an S9 signal 
and zero with no aerial connected. The BFO 
presented quite some difficulty as it was 
found that the fourth harmonic of the 
oscillator came out on 1820 kHz. Eventually 
a cure was found by tuning the IF transfor¬ 
mers to the lowest possible frequency with 
the aid of a signal generator. This worked 





Aladdin 804 formers. Coil wire #32 SWG enameled. L7 10 turns, L8 3 
.9 45 turns, L5 45 turns, L6 3 turns, Li 3 turns, L2 3 turns, L3 45 


out to about 448 kHz. The fourth harmonic 
of the BFO thus moved to 1792 kHz - 
below the amateur band. Consequently no 
screening or special care is required and the 
BFO works very well. The BFO uses the 
same type of I FT as the I F except that the 
resonating capacitor is removed. (Gouged 
out is the only way I can think of describing 
the operation.) 

The section reserved for the audio strip 
can be changed to suit the builder's own 
requirements particularly if he makes up his 
own audio stage. Remember that a screened 
lead must be taken from VC2 at the front 
panel to the PCB. The —10 V supply and 
earth wire must also be taken to the audio 
strip and wires run to the speaker from the 
audio output. The audio strip is fixed to the 
PCB with nuts and bolts together with 
spacers. The speaker is mounted on the 
component side of the board so that when 
the board is laid copper side down the cone 
faces downwards. 

Construction, Adjustment and Tuning 

Location of the main components on the 
PCB is the first step. Obviously a decision 
has by now been made on the ganged 
capacitor. Coil formers (Aladdin F804) are 
screwed to the board and the coil terminal 
pins either passed through holes in the board 
or soldered to pins as used on veroboard. 
The construction of the coils is not too 
critical; however, the dimensions should be 
followed as closely as possible. Above all 
ensure that the coils are connected properly. 
TC2 is soldered into circuit. A hole must be 
drilled through the board to allow the screw 
protruding from the underside to pass 
through. 

Special care is necessary in drilling the 
holes for the IFTs. There are seven holes to 
each, which includes 2 for the solder tags on 
the can. Make all holes somewhat oversized 
as this simplifies the job. Do not overlook 
the fact that the can tags pass through holes 
in copper "lands” left to ensure an earthed 
soldering point. Wherever possible mount 
resistors (all 'A Watt) in a vertical position to 
reduce space usage. 

Once all components have been fixed in 
and a thorough check has been made, 
connect VR2 and switch on the supply 
voltage. DO NOT connect the BFO at this 
stage. Check that the current drain is not 
excessive and that the base, emitter and 
collector voltages are satisfactory. 
Obviously, if all is well, some kind of noise 
should emanate from the speaker, though 
this may be only a click when a screwdriver 
or probe is touched in a sensitive area. 

If a VTVM is available confirm that T2 is 
oscillating. A lead brought from the antenna 
terminal of the station receiver to the 
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vicinity of L9 will give an indication if the 
receiver can tune around 2.3 MHz or a 
harmonic of this. The oscillator should cover 
2240 to 2310 kHz. 

Autodyne mixers can be tricky some¬ 
times even when correctly wired. If diffi¬ 
culty is experienced and you are certain that 
the wiring has been correctly executed it will 
be necessary to fiddle around to get the 
stage to “fire.” Once it does it will be a 
“goer” ever after and give no trouble. 

Adjustment of the rest of the receiver 
follows standard practice, but remember 
what was said about the BFO earlier. Line 
up the IFTs using a signal generator on a 
frequency of 450 kHz or lower. 

Injection of a signal from the signal 
generator in the area of L5 enables the mixer 
stage to be aligned. The same applies to the 
rf stage. 

Alignment of L4, L5 and L6 together 
with TC2 requires some explanation. The 
positioning of L4 is arranged to give a 
limited degree of coupling. If the slug of L5 
is unscrewed too much it increases the 
coupling to a point where oscillation occurs. 
Therefore once the basic alignment has been 
achieved, set TC3 to mid capacitance, screw 
in the slug of L5 practically all the way to 
the bottom of the coil, and adjust TC2 for 
maximum signal. Then unscrew the slug to 
peak the signal and again adjust TC2. This 
procedure should be followed until the stage 
oscillates. Screw in the slug to restore 
stability and readjust TC2. It should be 
possible to vary TC3 through maximum 
signal without oscillation occurring. 

Initially Cl 4 was 0.1 uF. It was found, 
however, that when IFT2 was peaked there 
was instability. By changing Cl4 to 0.001 
uF the stage became docile. 

It should now be possible to receive a 
signal though it may be necessary to wait for 
an amateur station to come on. Good results 
can be obtained even using a poor antenna 
such as a few feet of wire. 

Incidentally no mention has been made 
of the coverage of this unit. This depends on 
the builder who can spread the band as 
much as he likes depending on (a) the 
capacity of VC1A, B, C, and (b) the values 
of Cl, C5, and C9. The padding capacitor 
used in the prototype enabled the receiver to 
tune the band over about 60 degrees which 
is quite adequate. 

The BFO may now be switched on. A 
VTVM rf probe at C22 will indicate whether 
the stage is oscillating. With the receiver 
tuned in to a signal generator at 1820 kHz, 
set TC5 to mid capacity and adjust L6 until 
a good beatnote is heard. Set it to zero beat 
This beat should tune from high pitch 
through zero beat to high pitch. Check that 
removing the signal removes the beat as it is 


quite possible that the 4th harmonic of the 
BFO itself may be tuned if the IF frequency 
was not set below 450 kHz. The harmonic 
will still be heard below the amateur band 
with the correct IF frequency. 

Unfortunately, there are so few SSB 
stations working on the band that it has not 
been possible to establish with certainty that 
the level of injection is optimum. With the 
coupling to T3 base there is plenty of 
injection available. More or less can be had 
by adjusting C22. If trouble does arise, C22 
could be connected to T4 base or into its 
collector. These options are simple to experi¬ 
ment with but can only be tried with a 
regular and reliable SSB signal. This is left to 
the constructor. 

There is only a slight tendency for the 
BFO to drift in the first few moments. The 
constructor may prefer to mount TC5 on 
the front panel as a BFO tuning control. As 
such it should have a value of about 10 pF. 
For the CW enthusiasts who like to vary the 
tone this is certainly a must. 

Performance 

Originally the rf transistor was an OC170. 
This came to grief and was replaced with an 
OC44 without other changes. No instability 
was noted during tune up so, if available, the 
OC44 is recommended. 

As for performance it compares favorably 
with an FRDX400 on sensitivity. The latter 
is better (and I should hope so as it costs a 
lot more), but not to the extent that I could 
not work anyone that anyone else was work¬ 
ing. Selectivity is adequate for the present 
degree of activity on the band. For mobile 
working an external speaker is used as the 
small inbuilt speaker is a bit “hissy” and 
doesn’t combat noise as well. Stability is 
very good; even dropping it a small height 
does not detune a signal. 

To conclude, it has proved to be reliable, 
effective, simple to build, rugged and easy to 
get going. I couldn’t see myself without 
one. ■ 
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Tubes Are Not Dead! 


by 

Bill Pasternak WA6ITF 
14725 Titus St. #4 
Panorama City CA 91402 


N ot very long ago, there appeared in a 
73 editorial a call for construction 
projects using tubes rather than transistors. 
The reason given was that many of our old 
time constructors don’t really understand 
transistors that well and have thereby let the 
art of construction die. I personally find 
myself caught in the middle. My interest is 
basically VHF, but I am a child of the '60s 
transition era, the period of time in which 
the electron tube gave way to the semi¬ 
conductor. I am also a professional TV 
service technician by profession, so I was 
forced to learn both art forms, tube and 
transistor, to survive in my industry. There¬ 
fore, while these days I tend to build using 
transistors, FETs, ICs, etc., I still do quite a 


bit of work with electron tubes, if only to 
eat! 

When I entered amateur radio back in 
’59, I was just out of high school with little 
“bread” to spend on setting up an amateur 
radio station. I did have a good friend named 
Sol Rosenthal WA2MSX who was one of 
those “old school” radio technicians and was 
never too busy in his store to find the time 
to stimulate the ideas of this “youngster” — 
and answer the many questions that my 
mind would bring forth. “Jommie’s” radio 
store was a veritable gold mine of old radios 
and TV sets, many of the former dating back 
to the '20s. So little "Billy,” from about age 
10 on, spent all his after school hours 


TO FINAL 
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Fig. LAM modulator. 
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Fig. 2. FM modulator. 



“hanging around’’ this fantastic learning 
spot, being educated in the true tradition of 
electronic repair. I was one of the lucky 
ones, for I received the kind of electronic 
education that no school can ever hope to 
offer. I was taught "little tricks of the trade” 
that have benefited me in later life — the 
type of education %r which I will be 
eternally grateful. 

I built my very first transmitter under 
Jommie’s tutelage, on the side portion of his 
"L” shaped front counter. It was far from 
state of the art for the time. With salvaged 
parts from an old Dumint TV set, circa 
1952, it consisted of a 6AB4 oscillator 
multiplier driving a 6BQ6 final doubler. 
Modulation was of the AM controlled carrier 
screen grid variety, using a 6SL7 speech 
amplifier and a 6SN7 control tube. A power 
transformer, 6AX5 rectifier, choke and a 
couple of filter caps made up the rest. 

Oh, I forgot to mention, this was a VHF 
transmitter for six meters and amazingly 
enough it actually worked! Loading into a 
“V Beam” TV antenna through 150 feet of 
twinlead, it reached Orlando, Florida on its 
first contact — my very first contact! 

Since that time, I have continued to build 
whenever the bug hits me. Of late it tends to 
be in the realm of solid state, but when the 
call went out for tube type projects, I dug 
back through my Files to see what I could 
come up with that would not only fill the 
bill but perhaps be an incentive to help 
rcpopulate six meters, a band that is all but 
deserted these days. What you see here is a 
basic design that Larry Levy WA2INM and I 
came up with back around 1964 or 1965. It 
can be built with a number of different 
inexpensive tubes of the type commonly 


found in older tube-type TV sets, and in fact 
the entire transmitter less chassis can be 
salvaged from an old TV receiver. Just add 
your own enclosure, any fancy metering 
circuits you might desire, and package as 
you like. The only necessity is to follow 
good VHF construction technique, i.e., keep 
all leads as short as possible and bypass 
everything to ground with .001 disc ceramic 
capacitors. If you want to make a little 
larger investment, substituting a type 2E26 
or 6146 for the TV sweep tube in the final 
will provide higher efficiency and greater 
power output for a given power input level. 
Depending upon supply voltage and final 
amplifier tube used, the transmitter can run 
up to 50 Watts power input AM or 65 Watts 
on FM or CW. AM modulation is accom¬ 
plished by use of a beam power tetrode 
connected as a choke-coupled heising mo¬ 
dulator, and FM by re-connecting this mo¬ 
dulator to screen-grid modulate the 8 MHz 
oscillator tube (crude but effective; this is a 
low cost project) and keying the final 
amplifier cathode for CW. It’s truly a “gut- 
level” transmitter with few frills. 

A type 6BA6 tetrode functions as an 
electron coupled oscillator at 8 MHz, with 
the plate circuit left broadly tuned through 
use of a 2.5 MHz choke coil. A type 6AU6 
will function equally well in this stage. The 
frequency multiplier is a type 6AQ5, though 
a 6CL6 will work better, and a 6BQ5 or 
6CZ5 would also function quite admirably. 
The latter tube types necessitate a 9 pin tube 
socket and an RCA tube manual to de¬ 
termine pin connection. This stage is a x3 
multiplier to the area around 25 MHz. In 
turn, the 25 MHz energy is coupled to the 
final amplifier tube of your choice, in this 
case a rather inexpensive type 6DQ6B hori- 


Loading into a “V Beam” 
TV antenna through 150 
feet of twinlead, it reached 
Orlando, Florida on its 
first contact - my very 
first contact! 
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Fig. 3. Basic rf section. 


zontal sweep tube. The plate circuit of the 
final is tuned to 50 MHz and pi-net coupled 
to the antenna terminals. Since the final 
amplifier acts as a frequency multiplier, it is 
quite rich in harmonic output and should 
not be connected directly to the antenna. A 
built-in Drake TV-200-LP filter works won¬ 
ders here and makes it about as clean as a 


For AM, just insert the modulator 
module in series with the plate supply 
voltage to the final, tune as noted (except 
keep plate current of the final below 100 
mA), adjust the gain control on the mo¬ 
dulator until the plate current needle starts 
to kick slightly on voice peaks, and voiia 
good AM. 


straight-through final running without the 
filter. The rf section is simple, neat and 
requires no neutralization. In fact, if you can 
get the final amplifier to self-oscillate, you 
had better tear the whole damn thing apart 
and start with a new layout It’s that stable. 
As to meter readings, with 275 volts applied 
to the driver and oscillator and about 400 
volts to the final, you should run around 3 
mA final grid current and 100 to 110 mA 
final plate current (when tuned into a 50 
Ohm load). The easiest way to tune it up is 
peak the oscillator and multiplier for 
maximum grid current, then use an swr 
bridge in the antenna line and tune for 
maximum forward power. If it’s working 
OK, maximum power output should appear 
at a minimum dip in plate current of the 
final. 

For CW operation, just insert a key, flick 
the T-R switch to transmit and go CW to 
your heart’s content. Since the oscillator and 
multiplier are running all the time, there is 
no chirp, and if your power supply is clean, 
the note will be clean and sharp. 


FM requires a bit more attention, but not 
too much more. The FM modulator takes 
the place of the screen grid resistor in the 
oscillator. Remove the screen resistor and 
insert the FM modulator module in its stead. 
There is no gain control on the FM modu¬ 
lator, but it does require close-talking the 
mike. Experience has proven that an extra 
preamp stage here leads to over-deviation. 
We found that 3” from the mike usually 
gives 5 to 6 kHz deviation, and quality is 
good. A frequency warping capacitor across 
the crystal sockets is used to zap yourself 
onto channel. 

While many of you who are advanced in 
the art of design and construction may be 
cringing by the time you finish reading this, 
the others who are looking for a cheap, 
simple and utilitarian multi-mode trans¬ 
mitter for six meters may well find that 
what has been described here meets their 
needs. Best of all, if you can build at all, it 
will probably work well the first time you 
tune it up. Maybe tubes are dead, but 
they’re far from buried. ■ 







Put a Pin Hole in 
Your Cadillac's Roof 


73 Magazine Staff 


M ost amateurs who use 2 meters would 
prefer to have a '/1A whip mounted 
directly in the center of the roof of their car 
for mobile use. Such an antenna is economi- 


Car Roof 



Fig. I. The heart ot the antenna mount is a fiber or nylon shoulder bushing 

(a). The complete assembly is shown in (b). 
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cal, provides a good omni-directional 
pattern, and usually is at least as efficient or 
more efficient than gain-type antennas 
mounted on lower positions of the car body. 
It also makes for a very neat looking 
installation. The big drawback of the mount¬ 
ing of such an antenna is the "hole in the car 
roof’ problem. Commercial antennas require 
large holes or even multiple holes. Some 
methods have been described for the con¬ 
struction of home brew antennas requiring 
only a %" hole in the car roof. But 
WB2QVW has come up with an idea for 
mounting a whip on a car roof which 
literally requires only a "pin-hole” to be 
made in the car roof — a single hole of 1/8” 
diameter or even less. A mounting is used 
which allows the whip to be removed when 
the car goes through the car wash or for 
replacement purposes. A second alternative 
mounting is also, described which does not 
allow the whip to be removed except from 
the inside of a vehicle. This type of mount¬ 
ing might be applicable to a vehicle which 
has a non-padded roof interior such as some 
recreational vehicles. 

The electrical reason !4A whips can be 
mounted on a car roof with such small holes 
is that the base of the whip presents a low 
impedance, low voltage point so that 
elaborate insulation is not needed at the base 
of the antenna. Such mountings would 
probably not be suitable for !4A antennas 




which present a high impedance at their 
base. With a whip and a 50 Watt output 
signal with a reasonable swr, the rf voltage at 
the base of the whip to ground should be no 
more than 5-75 volts. Mechanically, the 
simpler and smaller the antenna mount, 
generally the weaker it will be. Unless one 
lives in an area with extreme snow and ice 
conditions, however, the occasional replace¬ 
ment of the whip portion of an antenna may 
be a small price to pay versus putting up to a 
7/8” hole in the roof of a car for a heavy 
duty commercial mount. 

The first type of mounting is shown in 
Fig. I. The heart of this mount is a thin, 
long plated steel bolt as shown in Fig. 1(a). 
A #4 (.115”) bolt is probably the thinnest 
one would want to use although a still 
smaller #2 could also be tried. One may have 
difficulty obtaining such a bolt (T/2” to 2” 
long) at the local hardware store; another 
alternative would be suitable size machine 
screw stock, which usually comes in one 
foot lengths, cut to any desired size. The 
bolt is inserted in a nylon spacing bushing 
which insulates it from the roof. An alterna¬ 
tive is the use of a shoulder washer 
inside the car roof and a short fiber spacer 
for insulation as the bolt goes through the 
roof. Still another alternative is to “build" a 
nylon spacing bushing up from a fiber spacer 
and a flat fiber washer whose inside diameter 
matches the outside diameter of the fiber 
spacer. A look at the hardware assortment in 
a store should provide other possibilities 
also. Either fiber, nylon or teflon spacers/ 
washers are suitable. 

A solder terminal is used under the bolt 
head to provide a connection to the antenna. 
Another solder terminal may be used to pick 
up a ground point by inserting it next to the 
car body. Outside on the roof, a circular or 
cone-shaped block of plexiglass or similar 
material (even wood) is used to build up the 
antenna base. A nut in a recessed hole on 
top of the block secures the bolt and the 
recess is then filled in with epoxy. The 
antenna proper is secured to the stud which 
remains above the block. The antenna 
proper can consist of almost any light-weight 
rod material one has on hand, but a very 
suitable material is brazing rod. It comes in 
19-20" lengths and about 1/16” diameter. It 
should be available at any welding supply 
store, or even any garage which does body 
repair work will have it. The rod can be 
soldered to a few nuts which have also been 
soldered together and screwed on the stud. 
If one has the facilities, one could machine a 
small part to mate the rod and stud. Still 
another possibility is to use a banana socket 
to fit over the stud and solder the rod to the 
socket. As a final touch, a small cone-shaped 
plastic insulator as found on an alligator clip 
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Fig. 2. The super simple mount. Total antenna cost is about 25 cents! 


should be slipped over the whip to cover the 
stud to provide a rain cover. 

The whole assembly as described may 
sound a bit simple, but it will work very 
effectively and if constructed with care can 
look very professional. All this for a cost 
outlay of less than $1.00! 

If one really wants to have a simple but 
equally effective 2 meter antenna at a total 
cost outlay of about 25 cents, take a look at 
Fig. 2. This simple antenna makes use of a 
brazing rod and a nylon or fiber spacer 
bushing (or any of the substitute assemblies 
previously mentioned). The hole made in the 
car roof need only be slightly larger than the 
brazing rod. As shown in the diagram, epoxy 
is used to secure the mounting to the car 
roof and the antenna rod to the bushing. 
This extremely simple mounting does not 
provide any means to remove the antenna. 
But for many recreational or sports vehicles 
which don't go through a car wash, this is 
not a problem. Such vehicles usually have 
unpadded interiors on the roof and if some¬ 
thing should happen to the antenna, it is a 
simple manner to put in a new antenna at a 
replacement cost of 25 cents! It is assumed 
that one can pick up a ground connection 
near the antenna — by a bracing support or 
dome light - without having to make a hole 
that penetrates the car roof. 

Trimming up of the antenna on a specific 
operating frequency consists simply of 
putting an swr meter in the transmission line 
and cutting down the full length whip in 
about 1/8” steps. A point will be found 
where the swr drops sharply to about 1.5 to 
1 or less. Rather than cutting further one 
can make a final trim by forming a small U 
bend at the tip of the antenna. The value of 
further trimming once one gets the swr 
down to the 1.3 to 1.5 range is of moot 
value with the usual 5-10 foot transmission 
line. ■ 


The whole assembly as 
described may sound a bit 
simple, but it will work 
very effectively and if 
constructed with care can 
look very professional. All 
this for a cost outlay of 
less than $1.00! 
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A COMPREHENSIVE DESCRIPTION OF THE MICRO - SPHERE 200 SYSTEM 


The Micro-Sphere 200 Series computer is the most 
ADVANCED, low-cost computer SYSTEM available 
today. Together with a TV and up to three cassette 
recorders you can have big computer performance at 
a rock bottom price. 

The system features a 6800 type micro-computer 
with 4000 characters (4K Bytes) of internal Random 
Access Memory (RAM) Storage. The memory is easily 
expandable to 8000 total characters with the addition 
of an optional second 4K of RAM, with even more 
memory to be made available shortly. The 4K bytes of 
memory is equivalent to 6-8 pages of close typewritten 
material. 

Access into the Micro-Sphere is achieved by the 
keyboard or from cassette recorders. The computer 
can display information on a standard TV screen (option¬ 
ally supplied) or store information on a cassette recorder. 
The keyboard uses highly reliable keyswitches to 
insure user satisfaction. It is full alpha-numeric 
including an integrated numeric key pad.The cassette 
interface uses the “Kansas City" standard which means 
that you can use even the least expensive cassette 
recorders with your system satisfactorily though we 
suggest that you do use high quality tapes with your 
system. 

You may use your own TV without modification 
as the system display device, or you may purchase one 
from Sphere. 

The power requirement is a single 110 volt AC 
outlet. The unit uses less power than an ordinary 
100 watt light bulb. All fuses, jacks, switches, and 
interface signals are provided on an easy-access 
panel at the rear of the cabinet. 

The Micro-Sphere is supplied with a built-in 
loading program from cassette, which is in one 
of the several standard or optional Read Only 
Memory (ROM) Integrated Circuits (1C). 

ROM IC's are pre-programmed with specific non- 
eraseable information. This feature greatly reduces 
program loading time and inconvenience, ROM's also 
save valuable RAM storage. RAM's lose all stored 
memory whenever the computer power is turned off, 
while ROMs retain all programs indefinitely. 

The Micro-Sphere is unique in that 16,384 different 
dots on your TV screen can form any number of pictures 
or designs which you have instructed your computer to 
display. These images can be changed by the computer 
program at a rate that appears as real-life movement, 
such as aircraft flight simulation, "walk-through" 
inspection of architectual mock-ups, time-lapse stock 
market graphic analysis, or even computer generated 
art forms, or space flight simulation where you can guide 
your spacecraft to the moon, planets or the universe. 

You can experience the thrill of rolls, dives, loops, 
near-collisions and other types of aerial maneuvers to 
out wit the Red Baron in your Sopwith Camel and then 
the excitement of a victorious landing as you crash at 
the end of the approaching runway. 

This same 128 row by 128 column dot matrix can 
form an alpha-numeric display of up to 16 lines by 
21 characters. An optional graphics input device 
(Mouse) digitizes hand movements when moved about 
on a flat surface. The "Mouse" has a window and 


crosshairs, so it may be used for the accurate entry 
of maps or other graphic data. 

The mouse may also be used in the place of a joy stick 
for flight simulation or to enter hand movemen ts for 
ping-pong or other games of skill. 

The Sphere Cassette Operating System (SCOS) 
is supplied on tape and provides Assembler, Edit, 
and Debugging functions to the computer when read 
in to RAM from the Cassette. Sub-routines for floating 
point and trig functions ore included in the SCOS cassette 
and may also be purchased as an option in ROM. Sub¬ 
routines are included in SCOS which provide all nec¬ 
essary alpha-numeric character generation for your 
TV using approximately 400 bytes of RAM. An 
optional character generator ROM can be purchased 
to reduce RAM usage to 50 bytes. SCOS also supports 
file handling. 

If the second 4K of RAM is purchased the macro 
facility of the assembler is then available as an 
extended aid to help you in the development of your own 
programs. The second 4K of RAM will also allow you 
to read in extended Business Basic from cassette. 

This basic provides 16 digits of decimal accuracy and 
extensions for business use. This Business Basic can 
make use of the Floating Point and Trig Package in 
RAM or ROM to expand its capabilities into the 
engineering field. The Business Basic and Trig 
Packages are available in ROM, which leaves all 
of the RAM storage available for applications written 
in the Basic Language. This is a concept for which 
you may pay $9,000 to get from an IBM 5100 
computer. 

Sphere Corp. has included in the basic price of 
the Micro-Sphere 200 the Monte Carlo games package 
on cassette, which allows you to play blackjack, 
roulette, and other games just for fun. 

One Cassette recorder is sufficient to do everything 
by simply changing tapes. Multiple file handling such 
as inventory control, pay roll, and general ledger 
processing etc. will be more convenient if two or 
even three cassette recorders are used. For example 
tape ^1 may contain the last year-to-date accumul¬ 
ation file, tape ^2 may contain the present pay period 
account, while tape *3 is used to combine tapes *1 
and ^2 into a new year-to-date accumulation master 
file. The second and third Cassette Interface options 
are available for those who require them. 

In the near future. Sphere will release a Program¬ 
mable Input/Output Controller for use with printers, 
disks, and other input/output devices. 

The attractive two-tone case is made of mar- 
resistant high impact plastic designed to fit any modern 
decor. Additional strength and protection to components 
Is provided by an internal metal chassis. 

The unit is designed to operate in a normal home 
or office environment without any extra care. The 
Micro-Sphere is the product of many years of exper¬ 
ience in the micro-computer field, providing a tremen¬ 
dous amount of power and capability in the smallest 
space-it requires only a small desk with space left over, 
and it comes fully assembled and tested—ready to use. 

OPTIONAL FULLWARRANTY — Fteattjintt 10 percent a pumas, pnc. Fw a 




MICRO-SPHERE 200 - SYSTEM PRICE INCLUDES "A" ITE 

- 6800 type Micro-Processor unit 

4K of Memory (RAM) 

Casseffe Loading System (ROM) 

Sphere Cassette Operating System (SCOS) Cosse 
Includes Floating Point and Trig Package 
A“ ITEMS Monte Carlo Games Package (Cassette) 

I First Cassette Interface 

128 by 128 B&W Dot Matrix Graphics Display 
Alpha-Numeric Keyboard 


r Second Cassette Interface 
Extended Business Basic (R< 


OPTIONS FOR PURCHASE NOT NEEDING FACTORY INSTALLATION. 
Extended Business Basic on Cassette (Requires 2nd 4K of RAM and 

Character Generator in ROM.) Includes Business Basic Manual 
Floating Point & Trig Package 
9" TV for use with Micro-Sphere 200 

"Mouse" Graphics Input Device (Available in May 1976) 
Operators Manual (SCOS) 


)0C INCLUDES MICRO-SPHERE 200 PLUS ALL OF "A" & "B" & "C" ITEMS ABOVE 
REGULAR $1645.00 - 
EVERYTHING IS IN ROM I! 


ALL UNITS ARE COMPLETELY ASSEMBLED AND READY TO USE! I 


INTRODUCTORY ORDER FORM 
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What’s a Computer? 


M any experimenters are reticent to 
purchase and build a microcomputer 
system, even though complete systems can 
now be purchased for less than $100. This 
hesitancy on the part of interested experi¬ 
menters can in most cases be attributed to 
several factors: 

1. Temporary depletion of pocket 
cash. 

2. Lack of knowledge of computer 
fundamentals. 

3. Lack of personal confidence in 
being able to handle the technology 
required. 

I have prepared a series of articles 
addressing problem areas 2 and 3 (problem 1 
is only temporary!) by giving the experi¬ 
menter a fundamental overview of computer 
principles. The various components of 
fundamental computer systems will be 
discussed, computer terminology will be 
explained, and fundamental, inexpensive 
breadboard circuits and experiments will be 
given in order to teach the rudiments of 
computer technology. The simple circuits 
and related experiments will give the experi¬ 


menter the experience and confidence 
needed to build and debug computer 
circuitry. 

The average experimenter with a basic 
knowledge of electronics who studies these 
articles and performs the experiments given 
should be capable of building and using his 
own microcomputer system. 

What Is a Computer? 

A computer is a device which accepts 
information, applies some prescribed process 
to that information, and supplies the 
results. 1 This definition can be applied to 
large classes of devices. For example: 

1. A series of gears, shafts, axles, 
cables, etc., such as a speedometer, 
takes rotation of axle (accepts 
information), converts the informa¬ 
tion to usable form (applies 
prescribed process), gives reading of 
speed on dial (supplies results). 

2. A frequency counter takes input 
pulses (accepts information), 
counts them (applies prescribed 



process-counting), displays fre¬ 
quency on an indicator (supplies 
results). 

3. An amplifier takes a small 
voltage (accepts information), 
amplifies it (applies prescribed 
process-amplification), gives larger 
voltage as output (supplies results). 

These three devices are all examples of 
“common" computers. 

A “computer” is not always recognized as 
a “computer," and a "computer" is not 
always called a “computer." The term “com¬ 
puter” is a broad term and may be applied 
to common everyday devices. Computers 
need not be electronic, but may be 
mechanical, hydraulic, pneumatic, or 
perhaps biological. 

What is a Digital Computer? 

Computers are divided into two common 
classes: analog computers and digital com¬ 
puters. Both classes of computers are the 
same in that they accept information, apply 
a process to that information, and deliver 
results; however, they differ in the types of 
information which they can handle. 

An analog computer processes informa¬ 
tion within a continuous range or within 
continuous ranges. Using the amplifier as an 
example, consider a simple device which will 
deliver a gain of precisely 100 to voltages in 
the range of .03 V to .08 V. In this amplifier 
an input of .03 V will give 3 volts out. An 
input of .039927 V will give 3.9927 volts 
out. This simple analog computer will 
operate with any voltage within its specified 
range. Furthermore, all values of voltage 
within the range of the device will be 
processed. The range of the information that 
the analog computer will handle is con¬ 
tinuous there are no gaps within the range. 

A digital computer can process only 
discrete values (for example, in the range 1-5, 









Fig. 3. Simple computer using ALU. 


and cannot compare two numbers for 


the numbers 1,2, 3, 4, 5 are discrete values). 
The digital computer is not capable of 
handling continuous information. The 
reason for this is simple. The digital com¬ 
puter uses a series of "on-off” conditions to 
store information. The number "one" might 
be represented by an “on,” while the 
number "zero" might be represented by an 
“off.” But what about numbers such as .5? 
Can you have half of an “on" or half of an 
“off? Certainly not very conveniently. Of 
course we could change our definition and 
let .5 be represented by an “on,” but then 
how do you represent .55, .51, and so on? 
The point is that a digital computer can only 
handle discrete numbers, regardless of how 
we define those numbers. It cannot handle 
all numbers in a given range. 

The frequency counter is an example of a 
digital computer. It accepts discrete pulses, 
counts them, and displays the results. In a 
given one second interval it cannot count 
1/2, or 1/3, or .40497 of a pulse. It can 
count only discrete pulses. 

What are the Components of a Digital 
Computer? 

The typical digital computer may have 
numerous components with a rat’s nest of 
interconnections; however, a fundamental 
digital computer requires only three pieces: 
an input device, a processor and an output 
device (Fig. 1). 

The input device may be as complex as a 
graphics input terminal or it may be as 
simple as a single switch. The output device 
may be as complex as a video display or it 
could be a single small indicator. The 
processor could be very sophisticated, or it 
could be simple logic used to detect the 
simultaneous presence of switch closures. 

As an example, consider a simple com¬ 
puter which has the sole function of adding 
two numbers in the range 0 to 9 together 
and displaying the output on an LED 
indicator. The block diagram of this simple 
computer is shown in Fig. 2. 

This simple computer is a fixed function 
computer and can do only one function — 
add. The limitations of this computer should 
be apparent. It has a small range (0-9), 
cannot perform other arithmetic functions. 


equality. 

We could expand the capabilities of our 
processor by exchanging the simple 
"addition box” for an ALU (arithmetic, 
logical unit). This ALU type of processor is a 
readily available unit and offers additional 
capabilities such as subtraction, comparison 
of two numbers for equality, and logical 
operations such as “and” and “or." The 
simple configuration has now been expanded 
to that in Fig. 3 by the addition of an extra 
switch, an "instruction” switch, and by 
using an ALU for the processor. By varying 
the position of this switch, the various 
"instructions” could be selected. We could 
perform any of the allowable operations on 
our two "input" numbers and have the 
results displayed on the LED indicator. At 
this point, the fundamental computer has 
additional capabilities, but still docs not 
have enough capability to be really practical. 
The ALU by itself can only process two 
independent numbers at any given time. It is 
not capable of simple steps such as adding a 
column of ten numbers, let alone complex 
problems involving many steps. 

If our problem was to add a column of 
ten numbers, we could expand the funda¬ 
mental computer still further by adding 
some device to store the column of ten 
numbers. The device could be connected to 


the processor in such a manner that the ten 
numbers would automatically be added. This 
storage device could be in the form of ten 
sets of switches, a tape recorder, a rotating 
magnetic disk, a series of magnetic cores or a 
series of electronic storage locations. A 
storage device in one of these classes is 
commonly called a memory. Note that a 
memory can be of several forms and is not 
limited to magnetic core or electronic 
storage. (Note: One of the earliest digital 
computers used a tank of liquid mercury as a 
delay-line memory.) 

At the risk of appearing to go on and on 
forever, one last addition will be made to the 
fundamental computer system - an instruc¬ 
tion memory. This instruction memory will 
serve to hold a series of steps for the 
processor and will give these instructions to 
the processor in sequence. A clock (in this 
example, part of the instruction memory) is 
used to generate pulses to step the instruc¬ 
tion memory from one instruction to the 
next (Fig. 4). With this system we could 
command the processor to perform the 
following steps in sequence: 

1. Add the first two numbers. 

2. Add the last two numbers. 

3. Compare the two sums. 

4. Display the smallest sum. 

Of course the sequence of commands could 
be endless. This simple computer system has 
a lot of versatility and could be very useful. 
(An example of this type of "program¬ 
mable” computer is a programmable calcu¬ 
lator.) The process of setting up the instruc¬ 
tions for the computer is called program¬ 
ming. The computer as it follows the 
programmed instructions executes or runs 
the program. 

A Real Life Computer 

A real life computer does not differ much 
in logic or function from that shown in Fig. 
4; however, the ALU is usually expanded to 
provide additional capabilities, and addi¬ 
tional circuitry is usually provided to 
simplify input/output as well as to facilitate 
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Fig. 5. "Real life” computer. U1 = 4201 dock chip; U2 = 4040 CPU chip; U3 
= 4002 random access memory; U4 = 4308 read only memory; US = 4207 
(4209, 4211) general purpose I/O. 2 


the flow of information and instructions 
within the system. While this last statement 
may sound like a “zinger,” it is not, since a 
device called a “CPU chip" (a single 
integrated circuit) in most cases contains the 
additional circuitry as well as the arithmetic 
and logical functions. A CPU chip (Central 
Processor Unit) is a very unique and versatile 
device and is commonly called a "micro¬ 
processor.” Fig. 5 shows a block diagram for 
a typical, fundamental microprocessor com¬ 
puter system. The five blocks shown corres¬ 
pond to 5 integrated circuits. This is a real 
life system. An Intel 4040 microprocessor 
system could be built using just S ICs. 


How Do I Get Started? 

It is not difficult to wire five integrated 
circuits together to form a microprocessor 
system. It is difficult, however, to make the 
plunge without first acquiring some impor¬ 
tant fundamental knowledge. By gathering 
this basic knowledge first, you can better 
utilize your microprocessor and you are in a 
better position to correct a problem should 
difficulties be encountered. 

Fortunately, a large investment is not 
required in order to get into computers. For 
a nominal investment in a power supply, a 
breadboard, and a handful of very inexpen¬ 


sive ICs, the experimenter can build up 
simple computer-oriented circuits to 
experience firsthand just how things work. 
While simple circuits will not duplicate all of 
the functions of a microcomputer system, 
the experimenter will be able to perform 
arithmetic and logical operations as well as 
store and retrieve information with simple 
memories. If the experimenter is able to 
understand these basic concepts and is able 
to duplicate simple experiments, then he 
should be able to build and use a microcom¬ 
puter system. Future articles will explain 
some of these simple circuits and experi¬ 
ments. 

The Next Step 

Man works with numbers in the decimal 
system, while computers work with numbers 
in the binary system. Future articles will 
discuss number systems, will explain how to 
do arithmetic in the binary system, and will 
give procedures to convert from one number 
system to another. Several experiments have 
been designed using an inexpensive ($3.95) 
ALU chip to illustrate binary arithmetic. 
Future articles will also discuss logic, 
memories and input/output. ■ 
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forms by plugging into i 
color TV set ... and there Is a rapidly 
growing group of people working or 
computer art. 

You can program your computer t( 
compare any input against a desires 
data. You might tune in the Congres 
sional Record on RTTY and set you 
system to check for certain key word 
such as Amateur Radio .. . and when 


memory systems which are reasonably 
low in cost. At present a floppy disk 
memory runs around $2000, which 
puts it rather in the expensive area for 
most home systems. A disk can hold 
around 250,000 bytes of memory and 


picked Kansas City because that was 

equally far away for everyone. I 
scheduled the meeting for November 
7-8th. 

The meeting came off right on 
schedule and just about everyone 


>t off t 


jt for i 


st the mi 


Magazine subscription records), this 

would permit you to have over 2000 
names and addresses on a single 
cassette. That's a hefty amount of 
storage. If you are going to use an 
inexpensive recorder you would 
probably only put half that much on 




Regular computer tape drives 
not cheap ... yet. They use half 
tape (usually), and cost $2000 oi 
too. They can hold a lot n 
memory, but the time required 
searching through the tape is nr 


looked as 

possible, but (as I suspected) the spirit 
of cooperation won out and everyone 
finally got together and hammered 


each way . 
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The 1C See-er 


H aving been a dedicated ham and/or 
electronic freak for upwards of forty 
years (I was born in 1920, so you figure it 
out), I feel that I can speak with some 
authority on the subject of home construc¬ 
tion of electronic projects. Unlike an 
engineer pal of mine whose motto is, "Never 
build it if you can buy it," I have one which 
is, and has always been, "Never buy it if you 
can build it." I have a shop full of electronic 
residue to prove it — and some of it even 

Until recently I thought that I had run 
into every form of frustration possible in the 
genre — that is, until I started (about six 
months ago) my love/hate relationship with 
the ubiquitous integrated circuit. It is my 
considered opinion that no invention in 
electronics since the galena crystal and cat's 
whisker (and I can remember them, so how’s 
that for dating?) has caused as much 
fumblc-fingered cussing and soldering iron- 


induced frustration as the 1C. Well, since I 
have always wound up spending more time 
building the tool to do the job than on doing 
the job, here is a gadget that will cost you 
less than ten bucks to build (using all new 
parts), will cure all of the abovementioned 
evils and will take the hale out of lovc/hate. 

Yeah, I know that there is an outfit that 
builds a belter one, but this is for guys like 
me who wouldn't buy one even if we could 
afford the fifty bucks. 

As you can see in Photo 2, I built it in 
a 7” x 7” x 2" aluminum chassis. The lens is 
one of a pair of condenser lenses from a long 
since defunct 4" x 5" Omega enlarger. These 
little tidbits are six and a quarter inches in 
diameter and weigh in at about two pounds 
apiece. I'm waiting for a seven inch plastic 
lens to arrive from Edmund Scientific, so I 
can build a new improved version and maybe 
sell Wayne another article. 


I think that it will be obvious from the 
explanatory photos (2, 3, 4) that a collar 
was fashioned (six inches in diameter by two 
inches deep) from scrap, medium hard 
aluminum, to hold the condenser lens in 
place in the chassis (after cutting a six inch 
diameter hole in same). 



Photo 3. 


Please lake note (Photo 3) that I do not 
own a fly cutter large enough to cut a six 
inch circle, so I fell back on the old- 
fashioned method of drilling a series of small 
holes and chiseling away the metal between 
them. Since aluminum chassis are soft, it 
goes rather quickly, and the whole operation 
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Build This Exciting 
New TVT 


by 

Louis I. Hutton K7YZZ 
12235 SE 62nd Street 
Bellevue WA 98006 


About a year ago / decided to reactivate 
the RTTY mode of my station, and this 
article is a description of two of its facets: 
the keyboard and the television terminal. 
The keyboard development went reasonably 
well; then came the television terminal for 
RTTY, which I call the •"RTTY TVT" for 
short. / immediately found that almost no 
data has been published on such a unit, with 
the closest thing being the computer TVT 
video readout devices. This problem was 
discussed at length both on the air and by 
mail with Dr. Robert Suding WQLMD, who 
suggested that / see what could be built 
using a low cost TVT circuit board kit 
designed by The Digital Group 1 . 



Fig. 1. Block diagram of RTTY keyboard. 


PART ONE 
KEYBOARD 

S everal years ago I acquired a Model 15 
Teletype machine, built up a tube type 
terminal unit, and enjoyed many years of 
operation with the green keys. This equip¬ 
ment was retired recently and a new project 
was begun to update the RTTY equipment. 
A 100 speed Model 28 KSR was acquired 
and the experiments begun. This article 
presents an effort undertaken to build a 
"solid stale” version of the Model 28. 

A literature search was conducted to find 
out what has been written with regard to the 
design and construction of a solid state 
keyboard for RTTY. A RTTY keyboard 
using the old RTL ICs was found in an 
article by Krupp several years ago, and in 
another by Horowitz about a CW keyboard 
modified for RTTY operation. Another 
article by Bell and Schmidt was located 
which presented a pre-coded message on 
RTTY. These articles gave me some ideas on 
how I wanted to design my solid state 
keyboard for RTTY. 

The unit described in this article will 
permit the operator to generate the RTTY 
Baudot code at 60, 67, 75 or 100 wpm. It 
features LED indication of End Of Line, 
Figures or Letters mode of operation. As a 
result all fancy frills and extras are not 
provided, just a keyboard, using the 7000 
series TTL 1C chips. This is one of the 
advantages of building it yourself — no 
unwanted expensive extras. 

Circuit Description 

A block diagram of the unit is shown in 
Fig. 1. The clock speed is manually switch 
selected from 60 to 100 wpm speeds. The 








output of the clock (90.0 Hz at 60 speed) is matrix. The output His and LOs from t 
fed to a frequency divider chain. The three Memory are fed to the Data Sel 
frequencies taken from the divider at 60 pulse from the keyboard is als 
speed are 22.5 Hz, 11.25 Hz and 5.6 Hz. Control FF which unlocks t 
These three are fed to the Data Selector divider chain and the RTTY C 
which acts like an electronic version of a TD ms (at 60 speed) the frequency 
(Terminal Distributor). When a key is transmits the selected freque 
depressed the Baudot code for that key is set Data Selector which then ri 


. The output His and LOs from the consists of a series of 22 ms pulses: one start 
y are fed to the Data Selector. A start pulse, five Baudot code pulses and two stop 
rom the keyboard is also sent to the pulses. At the end of the pulse train the 
I FF which unlocks the frequency Reset SS fires and the Control FF is reset, 
chain and the RTTY Gate. For 176 This action clears the Memory FFsand stops 
60 speed) the frequency divider chain the divider chain from counting any further 
its the selected frequencies to the clock pulses. The RTTY pulses are fed from 
selector which then reads out the the RTTY Gate to the RTTY Drive output 


in the Memory flip flop via the diode RTTY code set up in the Memory. This code stage which is in ti 



Top and bottom views of solid state R TTY keyboard. 








Fig. 3. 


bridge permitting connection to a loop chased from a surplus house that advertised between those two rails as seen in the 

supply of any polarity. The End Of Line in 73 Magazine. This unit uses magnetic reed photographs. The diode matrix, Memory, 

counter is used to indicate when 60 key- switches and has plenty of extra keys for Control FF and FIG/LTR FF were mounted 

board actions have been taken after a other functions that are planned for in the on that circuit board. This configuration 

Carriage Return function has been keyed, future. The key tops were removed and the permitted me to conduct circuit design and 

This is used when the keyboard is used for computer markings replaced with decals of debugging on a second small board con- 

driving a tape puncher. When the FIG key is the standard RTTY upper and lower case taining the remainder of the circuits. The 

depressed an FF is set and the FIG LED is markings. Since the keyboard already had a second board is 4” by 314”. If one wishes, a 

lit. When the LTR key is depressed the FF is very nice set of numbered keys I put them board 1114” long by 4” wide could be used 

reset and the LTR LED is lit. Depressing two on the top row, which made it not quite like for all the circuits, now that the unit has 

keys simultaneously will cause an error in a Model 15 or 28 but a bit more like a been designed. The ICs are fixed, mounted 

the output. No mechanical or electronic typewriter. Again, with home brewing you and hardwired into the circuit. Since this is 

means are provided in the low cost unit to can make it to suit yourself. not a production item no effort was made to 

prevent this event. Two metal rails were formed and design a PC board. 

attached to the bottom of the keyboard unit 

Construction on metal spacers. A long piece of perforated Testing 

A surplus computer keyboard was pur- fiberglass board 4” by S'A" was fitted in The long circuit board was wired first, 

and a manual jumper was wired from the 
keyboard key grounding capacitor and 
resistor to test out the diode matrix and 
memory before wiring keys in the circuit. A 
jumper was wired from the reset line on the 
memory that was momentarily grounded to 
reset the memory. The wire from the key 
circuit was touched to the selected diode 
matrix letter and then the five Baudot 
output lines were checked for proper high 
and low states. Each diode in the matrix 
represents a mark or high state. The absence 
of a diode represents a space or low state. 

The diodes used in the matrix were of the 
fast switching type used in computers. I used 
some obtained from Radio Shack which 
carry their part number 276-114. They come 
in a bag of 50 each and must be tested. 

When checking out the small circuit 
board the first thing to test is the clock. I 
monitored the pin 1 of 7473A to see if the 
clock was oscillating in each position of the 
speed selector switch. That switch must be 
of the make-before-break type for proper 



Fig. 4. Block diagram of RTTY TVT. 

























Mr. T. Jackson who were most helpful in 
keeping my thinking straight as I developed 


PART TWO 

TELEVISION TERMINAL 

There are two approaches to getting that 
RTTY signal on a TV set. One way is to 
make the keyboard output the ASCII code 
so that it could talk to the TVT without any 
conversion. This method also requires both 
send and receive code converters to get the 
Baudot code converted over to ASCII to be 
compatible with the display. Also, when you 
send from your ASCII keyboard it must be 
converted to Baudot so the other chap's 
machine can print the message. The second 
approach is to use a keyboard that only 
sends in Baudot and make only one conver¬ 
sion from Baudot to ASCI I so that the TVT 
could read the incoming signal from either 
the keyboard or the terminal unit. This is 
the approach that I used, and the results of 
my efforts are described here. 

This unit includes a surplus keyboard 
rebuilt to include a diode matrix for 
encoding and generating the Baudot code at 
60 wpm. The output of this keyboard is 
used to key the ST-6 loop and the TVT 
through a code converter board. This circuit 
board converts the Baudot encoded bit 
stream coming from the ST-6 or the key¬ 
board from serial to parallel Baudot data. 
The parallel Baudot data is then converted 
into parallel ASCII data and a strobe pulse is 
added to trigger the TVT display circuit. The 
parallel ASCII is fed to the character gen¬ 
erator circuit board and onto the TV screen. 
The display has eight lines of thirty-two 
characters per line. When the last character is 
printed at the bottom right-hand side of the 
screen the printout returns to the upper left 


and erases the existing character and prints 
the new one as it progresses across the screen 

A HOME push-button switch is provided 
that will return the writing beam to the 
upper left-hand corner of the screen. An 
upper and lower case letter selection switch 
is also provided as that feature is available in 
the TVT circuit board by The Digital Group. 
Since this board was used in a micropro¬ 
cessor computer terminal, it has Greek 
notations which cause some glitches in the 
Baudot scheme of things. These were most 
troublesome in the FIG and LTR modes. 
The code conversion board has circuits 
incorporated to tell the character generator 
to ignore those key functions in the Baudot 


system. All other frills and extras were left 
out of this terminal to keep the cost down. 
It is estimated that one could probably be 
duplicated tor anywhere from $250 to $356 
depending on how many surplus com¬ 
ponents were used. 

Circuit Description , 

A detailed description of the design and 
operation of the keyboard has already been 
presented. A block diagram of the RTTY 
TVT is shown in Fig. 4. The input to the 
code conversion board is made to the ST-6 
loop circuit through an optical isolator to 
keep the loop high voltage from the five volt 
TTL circuits. An UART (Gl AY51013) is 
used to convert the serial Baudot to a 
parallel Baudot output where it is fed to the 
input of a code converter ROM. The clock 
(LM555) for the UART is set for 60 wpm 
speed (727 to 730 Hz). In the code con¬ 
verter, a National 5220BL/N ROM, the 
Baudot code is changed to the ASCII code. 3 
A figures-letters function detector is used to 
tell the code converter to include either bit 6 
or bit 7 in the ASCII code output. The case 
detector is also used in conjunction with the 
strobe generator to eliminate the Greek 
letter that would normally appear on the TV 
screen when the FIG or LTR key is touched. 
A strobe of at least 500 microseconds is 
required at the end of the generation of each 
character on the TV screen. The strobe 
generator is triggered by the output of the 
UART transmitter section. 

The ASCII output, along with the strobe 
line, is connected to the TVT character 
generator board. The video output from the 
TVT board is connected to the video input 
of a modified TV set. To prevent the TVT 
display from returning to home position 
after every time a CAR RET is keyed, IC30 
(7430) is removed from its socket. A 2.2k 
pull up resistor is connected between pins 8 
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The two PC boards. 


and 14 of the IC30 socket. A wire is run 
from pin 8 of IC30 socket to pin 14 of the 
PC board connector. This is the reset 
“HOME” terminal. When this terminal is 
grounded momentarily via a push-button 
switch it drives the write beam of the CRT 
to the beginning of the first line on the 
display. This is the only modification 
required to The Digital Group TVT circuit 
board to get it working as a RTTY TVT 
circuit board. The video readout of the 
RTTY TVT unit is a salvaged 1969 Sears 
12” portable TV set. This set came from a 
junk yard, and to put it into use as a video 
monitor all the circuits were removed except 
the sweep, video and high voltage. It makes a 
very acceptable video monitor for this appli- 

Construction 

The cabinet for the RTTY TVT is con¬ 
structed from plywood and is 15" high by 
15” wide by 15” deep with about 4” 
sticking out in front to house the keyboard. 
The outside of the cabinet was sanded and 
given two coats of shellac. The edges of the 
cabinet were painted a dull black. The 
remainder of the exterior of the cabinet was 
covered with simulated wood grain sticky- 
black plastic covering obtained from a hard¬ 
ware store. This makes a really nice looking 
cabinet. The panel holding the keyboard was 
also tovered with this same simulated grain 
material. A metal panel was fitted over the 
holes left by the removal of the TV tuners 
and, controls, and was covered with the 
simulated wood grain material. 

The power supplies were constructed 
from surplus parts and are mounted by 
metal standoffs to the inside of the cabinet. 
The circuit board containing the code con¬ 
version circuit is 414” wide by 6" long. The 
TVT readout board is 8" wide by 614” high. 
A diagram of the code conversion board is 


shown in Fig. 5. The overall intercabling 
diagram for the RTTY TVT is shown in Fig. 
6 . 

The conversion of the 12" TV set for use 
as a video monitor required considerable 
time as the set was in pretty bad condition. 
The filaments of the four tubes used were 
rewired so that they would work from 
lower voltage circuits. I did not want to run 
the thing from the power line direct like it 
was originally wired. I used a small isolation 
transformer to supply the 120 volts for the 
power supply input. I found that both the 
yoke and flyback transformers were 
defective and had to be replaced using parts 
from other discarded sets. Fig. 7 is a 
schematic of how I accessed the input to the 


video amplifier of the rebuilt set. The 
original set used a tube to rectify the high 
voltage to the picture tube and I replaced 
that with a solid state high voltage rectifier 
removed from another junk set This helped 
to further lower the current drain on the set. 
The front part of the old set's cabinet 
formed the front of the TVT unit. It was 
attached to the plywood cabinet by hand¬ 
made metal brackets. The panel to the right 
of the picture tube contains all the controls 
for operating the RTTY TVT. These are the 
pilot light, power switch, video monitor or 
RTTY monitor selector switch, upper case- 
lower case letters selector switch, and the 
HOME switch. The CRT brightness and 
contrast controls were mounted on a small 
metal plate fastened to the rear of the TV 
chassis. They are set once and left that way. 

Test and Checkout 

Since I was developing many of the 
circuits to put this thing together, I ended 
up by running all sorts of tests during that 
time. Many of them are not needed for 
someone essentially duplicating this circuit. 
When the code conversion board is finished, 
the input to the board should be connected 
to the output of the keyboard and the ST-6 
or terminal loop supply. This way you can 
send Baudot encoded characters to the 
board one at a time to see if they are being 
encoded properly at the output of the board 
in the ASCI I code. The clock must be set for 
an output frequency of from 727 to 730 Hz 
as measured at pin 3 of the LM555 (60 
wpm). Each time a key is depressed on the 
keyboard a pulse of approximately 500 
microseconds should appear at pin 8 of the 
7408 gate. There should be no pulse 
appearing at that point when the FIG or 
LTR keys are keyed. A "high" or 1 should 
appear on pin 3 of the 7400 when the LTR 



AFTER MODIFICATION 

Fig. 7. Video input modifications to 12" TV set. 
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Fig. 8. Major parts layout, Baudot to ASCII 
code conversion board. 


key is depressed, and a “low” or 0 should 
appear on pin 3 of the 7400 when the FIG 
key is depressed. Pin 5 of the 7402 should 
be temporarily grounded so that the output 
of the code converter may be checked. 

Key in the letter A on the keyboard. Now 
look at the output of the board and bit 1 
and bit 7 should be high and all other bits 
low. Now try the letter R on the keyboard. 
Only bits 2, 5 and 7 should be high on the 


ASCII output. Now try the letter Y and the 
ASCII readout should have 1, 4, 5 and 7 
high. Now key the FIG key and then the 
number 2. The ASCII output should have 
only 2, 5 and 6 high. On FIG operation bit 6 
of the code is used and on LTR bit 7 is used. 
If at this point you are getting this kind of 
response on the ASCII output you are in 
fine shape. The next thing is the character 
generator circuit board. 

The circuit board data furnished by The 
Digital Group with their TVT character 
generator gives very detailed step by step 
instructions on how to check out their board 
and will not be repeated here in this brief 
article. I had an old 1950 Admiral TV set 
that I had previously modified for use as a 
video monitor with a camera for fast scan to 
slow scan conversion construction project. I 
used this set to test out the TVT board and 
to check out the system from keyboard 
through the code converter through the TVT 
board and onto the TV set. This way I was 
sure all bugs were worked out before I 
mounted the parts in the cabinet. The TVT 
circuit board performed as designed with 
only a slightly defective memory chip giving 
me any problem. This bad chip caused the 
wrong character to appear in certain lines on 
the screen. When replaced by the vendor it 
worked perfectly. 

When connecting the input of the RTTY 
TVT into my ST-6 I had a polarity problem 
and had to reverse the input leads to the 
RTTY TVT to get it to print properly. This 


was the only interfacing problem 
encountered. I have my Model 28 KSR 
wired in series with the loop driving the 
RTTY TVT and if I want a hard copy I just 
turn on the power switch on the machine 
motor and the copy is printed. 

I would be interested in hearing from 
those who decide to build one of these 
RTTY TVT units and will try to answer any 
questions they may have about the machine. 
All I ask is that they include an SASE. 73s 
and good printing on your CRT. ■ 

1. 256 Character Display Kit, The Digital Group, 
P.O. Box 6528, Denver CO 80206. 

2. TTL Cookbook, Don Lancaster, 73 Radio 
Bookshop, Peterborough NH 03458. 

3. "RX for the RTTY Bug," Louis Hutton, 73 
Magazine, February, 1962. 

4. "Attache’ Case RTTY," D. Krupp, QST, 
February, 1968. 

5. "Perfect Teletype at Your Fingertips," P. 
Horowitz. QST, October, 1968. 

6. "A TTL Message Generator for RTTY and CW," 
J. Bell and F. Schmidt, QST, November, 1973. 

7. "TV Typewriter." Don Lancaster, Radio Elec¬ 
tronics, September, 1973. 

8. "TV Typewriter II," Ed Colle, Radio Elec¬ 
tronics, February, 1975. 

9. CT-1024 Terminal System, Southwest Technical 
Products, 219 West Rhapsody, San Antonio TX 
78216. 

10. "The Scopewriter," Gary Steinbaugh. Popular 
Electronics, August, 1974. 

11. RVD 1002 Visual Display System. Hal Com¬ 
munications Corp., P.O. Box 365, Urbana IL 
61801. 

12. "Television Interface," Don Lancaster, BYTE 
Magazine, October, 1975. 
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Magic Fingers for RTTY 


I f you have speedy fingers, never have highly recommend using the very accurate all the RTTY tones (and SSTV) if you use it 
RTTY problems (ha!), or have built your and stable tone source described in an article with the original tone generator by W0LMD. 
last perfect RTTY AFSK unit and have it all by Dr. Robert Suding W0LMD in the July Further, it gives you automatic generation of 
tuned up, more power to you. If, however, 1975 73 Magazine, page 98. The generator is the "RY” alternating letters used as a 
you are like most of us and have two thumbs great and apt to be the starting point for standard Teletype test because of its alter- 
per hand, a Model 19 that periodically has many projects and articles of mine in the nating Mark-Space format. For those just 
spasms of TIN-GT’s (this is not *&#% going future. getting into RTTY, I am referring to the 

to’s), or ever experiment with building new Ever since I built the first one (I now normal 7 part, 5 level code used by ama- 
ideas in AFSK gear, you can sure use the have 3 in one form or another), I have been teurs. All characters start with a Space tone 

item I am about to describe. sold on the unit and keep building gadgets to from the “Mark-Hold” tone that keeps the 

I think the circuit to be described, when put it to more use around my bench and machine (Teletype) quietly sitting there and 

coupled to a tone source, is the handiest ham shack. One is the unit to be covered in not chattering away. Then the next five 

gadget I have ever built for RTTY. It gives this article, another I have written up and units are either Mark or Space, depending on 
you any RTTY character or the RY test built as an SSTV generator producing gray the character sent. The final or seventh unit 
combination automatically repeated over scale with sync, and the third will be is always a Mark, usually sent 31 ms long 
and over. While you can use various tone forthcoming for use with touchtone equip- (the rest are each 22 ms) to be sure some of 
sources, from a modified AFSK sending unit ment and repeater users may find it of it makes it through to end the character, 
to the new tone generators like the 566 1C interest. A fourth is in progress at the time Only a small part of the 22 ms units is really 
that is TTL compatible when run correctly, I of this writing for use with SSTV in the used, too, but all is usually sent to be sure of 



Fig. 1. 






will be hooked right into the RTTY AFSK 
unit, and noise and fading are definitely not 
a problem in such a case. Secondly, it greatly 
reduces the hardware required. 

A few words on switching are in order at 
this point. Switches added for the automatic 
character sending are: (1) S-1 to S-5, which 
are 3 position slide switches used to set up a 
character of your choice, to check out the 
TTY machine or one of the “SELCAL” type 
decoders if you are building such an item. 
Fig. 3 shows the actual slide switch form 
instead of functionally as in Fig. 2. (2) 
Switch S-6 is used to choose whether a 
“letter or figure” is sent or the “RY” 
pattern. (3) Switch S-7 is a DPDT unit 
marked "SSB-AM." What is really meant is 
whether the newer-lower tones that will pass 
through an SSB receiver filter are sent, or 
the older-higher audio tones used on AM 
type operation are chosen. (4) Switch S-8 
chooses whether the older shift standard of 
850 Hz wide (W) shift is sent, or the newer 
shift of 170 Hz narrow (N) is the result. 

S-1 through S-5 are set up by using a 
chart of the required Mark-Space combina¬ 
tions for the character you desire. S-6 is set 
to “RY" for the automatic RY test, or to 
“LTR" for using S-1 to S-5 and a letter. S-7 
and S-8 will depend on your use, equipment, 
and tones that you require. 

S-9 is a function switch allowing a con¬ 


tinuous Mark-Hold tone for 1275 or 2125 
Hz Mark channel adjustments. It also stops 
the Teletype from chattering away while 
you change to a new letter or to RY 
combination. A second choice of S-9 is the 
Space-Open. The machine will run "open- 
loop” and chatter away if on, but you can 
adjust any of the four frequencies used for 
the Space channel depending on the setting 
of S-8 and S-7. The last position chooses the 
automatic mode, either "RY" or "LTR" 
depending on the setting of S-6. 

S-10 is an on/off position to allow this 
unit to be used with the original tone 
generator when in the on position, and other 
gadgets to use the same tone generator when 
turned to off. In the off position, +5 V is 
removed from all +5 V points in the adapter 
except the electronic switches (transistors) 
used to key on the tone desired. The 
transistor emitters are supplied directly from 
the +5 V bus and have +5 V whenever the 
tone generator is on. 

A word about the original tone generator 
as it applies to this adapter. All of the 7430 
ICs with SSTV outputs can be eliminated if 
you want an RTTY only unit, thus reducing 
the overall cost. These ICs have SSTV 
frequencies of 1200, 1700, 1900, 2100 and 
2300 marked at their outputs pin 8. The 
7410 used to decode 1500 at pin 12, 1275 
at pin 6, and 2125 at pin 8 must remain due 


to the two RTTY frequencies involved, but 
pins 1-2-12-13 need not be wired. The 7430 
that has all the SSTV frequencies at its input 
can be eliminated and the 7402 pins 5 and 6 
tied together. You may note that only half 
of the 7473 is used in the original tone 
generator, and you may feel free to use the 
other half for the RTTY adapter IC-4 by 
using the numbers shown in Fig. 1 and save 
some money. 

Now that the unused ICs are out and the 
other half of the 7473 is used for the RTTY 
unit, you need only IC-1, a 7401; IC-2, a 
7490; IC-3, a 7445; and IC-5, a 7410. A 
typical total cost of all these is $1.82. But 
you say, "Yeah, what about the tone gen¬ 
erator?" If built as I described above for 
RTTY only, the 1C cost for all ICs - tone 
generator, RTTY unit, and power supply 1C 
- is only $6.45 plus $1.82, or $8.27. The 
power supply 309K is $1.95 of that cost, 
but I highly recommend its use. You must 
increase the power supply transformer to 
one with a 1 Amp rating, but that is the only 
power supply change. 

My suggestion for wiring eliminates the 
switch in the original tone generator and 
replaces it with the electronic switches as 
shown. Each RTTY tone can be gotten alone 
or automatic mode is possible. If you choose 
to retain the SSTV mode, then merely 
rewire the switch as a seven position switch. 








per the original switch for the first six 
positions A through F. (NOTE: The original 
Fig. 1 shows 2100 and E in position 6 which 
should be 2300 and F.) Then use Fig. 4 to 
wire up position 7. This allows normal SSTV 
use for six positions, and position seven puts 
you in RTTY function all with a single pole 
rotary switch and only +5 V being switched 
around. 

Circuit Description — Logic 

By placing a square wave with a 22 ms 
period into pin 13 of IC-5, and S-10 being 
on, the encoder IC-2 (7490) will begin to 
count. Its BCD lines are decoded in the 
decoder IC-3 (7445), and one line at a time 
from “0” to "7" goes low. The encoder and 
decoder is prevented from counting “8" or 
"9” by tieing the D line back to the encoder 
reset gate, resetting the counter as it tries to 
go to "8" (D-high). The D line is used for 
something else to be explained in RY genera¬ 
tion. In the “LTR" mode of operation the 
lines “2”, “3”, “4”, "5” and “6" cause 
Marks or Spaces to be generated depending 
on the settings of S-1 to S-5. Line “1” 
always generates the characteristic Space 
first unit, just as “7" always generates a 
Mark final or Stop unit. Switch settings as 
described decide what exact tones are gen¬ 
erated for each. 

RY Generation 

The test pattern is a bit more com¬ 
plicated, but not greatly so if you break it 
down. IC-1 marked “R" can do anything 
only when IC-4 pin 8 is high. Likewise, IC-1 
marked “Y” can only get a low output when 
IC-4 pin 9 is high. These two pins of IC-4 
cannot both be high at any one time. 
Therefore, let us follow through an R 
generation, that isS-S-M-S-M-S-M 
(S = Space, M = Mark). Remember the first 
Space and the last Mark are put in for any 
automatic LTR or RY by lines “1 ” and “7" 
of IC-3, and won't be covered over again. 
The R is generated when IC-4 pin 8 is high, 
so let’s start as though S-10 is turned on and 
then the “Reset to R” push-button S-11 is 
pushed. S-6 is in “RY” and S-9 in 
“RY-LTR.” When the counter and decoder 
reach “2”, IC-5 pin 3 goes low, IC-5 pin 6 
goes high, and IC-1 pin 1 goes low. This low 



Fig, 3. 57-55 switches: 1P3T. Center off 
position allows the generation of false 
characters to check logic-type decoders. It 
can be deleted and SPOT used if not wanted. 

through S-6 and on through the chosen 
space frequency switch causes a Space tone 
to be generated. When advanced to "3", IC-1 
pin 5 goes low, and pin 4 goes high, but 
since IC-1 pin 9 is low, IC-1 pin 10 stays 
high. Since both IC-1 pin 1 and pin 10 are 
high, and “1” is high (see D1 Fig. 1), all 
inputs to IC-1 pins 11 and 12 are high, and 
its output goes low causing an appropriate 
Mark tone for the switches S-7 and S-8 
chosen. Diode D1, incidentally, defeats the 
Mark switch IC-1 pins 11-12-13, during the 
first “1” Space required by all letters and 
figures and is used in RY mode only. It 
appears to key the Space by the path 
through D2, but a better path is found 
through D4. 

As the counter advances to “4”, the same 
action as “2” results using IC-5 pin 4 instead 
of pin 3. Again at ‘'5”, the same as “3”, 
using IC-1 pins 11-12-13 for a Mark. And 
finally at "6”, again as in ”2” and “4”, using 
IC-5 pin 5. "7” sends its Mark as well as the 
low at IC-1 pin 13. This just happens to 
insure Mark sent when in RY mode only and 
is just a logic result and not intentional. 

To generate a “Y”, the same kind of logic 
applies throughout with "3” and “5” 
creating Spaces for the Y or S -M - S - M - J 
- M - M. The “3” and “5” control IC-1 pins 
5 and 6, and function just as “2”, “4”, and 
“6” did into IC-5 pins 3-4-5. The one change 
is that following the generation of “R" 
above, the D line returning low and resetting 



the counter also sets IC-4 to the opposite 
state with the Q pin 9 high, and allows IC-1 
pins 8 and 9 to control the tone generation. 
IC-4 (7473) continues to change state 
(toggle) after each pass of the counter to 
“8" and the D line falling from high to low. 
This is a narrow pulse just wide enough to 
reset the counter and toggle IC4. The 
toggling of IC-4 produces alternate use of 
IC-1 "R” and IC-1 "Y”, producing the RY 
tone sequences. 

Position “0" allows a 22 ms opening to 
be inserted before each new character 
whether in RY or LTR mode and gives 
everything a chance to settle down. This 
makes up in part for the seventh (unit 7) 
Mark being only 22 ms wide. 

Summation 

Since the unit will probably be used into 
an AFSK unit, the filter shown in Fig. 6 
should be used at the output of the tone 
generator to make the output into a pretty 
good sine wave. It is lifted exactly from an 
article by Bert Kelley K4EEU in July, 1973, 
Ham Radio, page 6. It worked so well on the 
SSTV adapter I built and mentioned earlier 
that I have sort of adopted it — hi! It passes 
the SSTV nicely, too, so you can use it even 
if you build the total combination unit 
SSTV/RTTY. 

A couple of tips are in order if you are 
building an AFSK unit and are going to use 
this adapter to set things up. (1) Don’t 
overdrive your filters; some type of com¬ 
pression limiting is highly desirable, coupled 
with an AGC system in your audio channel 
of the AFSK unit. (2) Consider a pair of 
active T filters in tandem as a front end. A 
switch selected resistor tunes each of them 
to the right high-pass and low-pass frequency 
easily. This tandem pair forms a bandpass 
circuit rejecting low frequency noise and 
high frequency chirps and peeps you tune 
across (and that tune across you). And 
finally, (3) DO try a trick I have learned 
from EME and Oscar listening that works 
gangbusters on RTTY for tuning. Do build 
the AFSK unit so that the incoming signal 
decoded into a dc shtft in level keys your 
AFSK tone generator for sending - even 
when receiving. The keyboard controls it 
sending, and the incoming decoded dc shifts 
controls it on receive. This allows you to put 
a monitor and speaker/headphone jack on 
the AFSK sending unit’s output. Obviously 
you can now monitor your sending for 
openers, but the best deal of all is receiving/ 
tuning. Feed the output direct from the 
receiver speaker output to the AFSK receive 
input and the right or left earpiece of your 
headphones. Next feed the monitor output 
to the remaining earpiece of the headphones. 
Tuning becomes a snap - make the receiver 
sound like the monitor! Build the AFSK 
unit to have Mark-Hold in the absence of 
signals. As you tunc in on a RTTY signal it 
will have one note (Mark) that sounds more 
and more like the other earpiece (monitor). 
As you tunc closer yet, your decoder begins 





PIN NO.S ARE THE SAME TO INPUT SIDE 

ON ROUND OR DIP PKG OF 309K REGULATOR 



Sneaky way to tell in a hurry if he is on 
narrow shift and you on wide, etc., if either 
will key your decoder, but your AFSK 
sending unit is set up (switched) to the 
wrong shift — the Space tones never match 
— only the Mark tones! 

Per usual, an SASE will bring whatever 
help I can be, but there should not be much 
trouble with this one with so few parts and 
wiring. For that reason, there is no circuit 
board layout. If enough guys want one, I 
guess I could lay one out for this and the 


working and the machine comes to life since 
now it sees Mark-Space changes. Make the 
two sound alike and you are in the money. 

TOROIDS 



PER K4EEU ARTICLE 


Fig. 6. 


SSTV unit. I built mine right into the RTTY 
rack mounted control unit. It also contains 
such things as a K20AW CW identifier which 
was part of a repeater control by Pete. I just 
put a solid state timer or manual switch 
control into it, and it sends my call either 
every ten minutes if I send that long straight, 
or at the beginning of each transmission. I 
begin all transmissions with a blank key 
which sends nothing on my machine, but 
momentarily breaks the loop. Anytime the 
loop breaks, a PTT arrangement like VOX 
keys the transmitter, and the identifier 
identifies by shifting the Mark tone a small 
amount, but not enough for the other guy's 
unit to leave the Mark-Hold and print garble. 
This is quite legal and a widely used means 
of CW identifying. When it is running (10 
wpm CW), the keyboard is disabled and the 
line over-run lamp on my Model 19 blinks in 
step with the CW being sent. Really quite 
easy, and sure makes RTTY a lot more fun 
than keeping one eye on a clock, your 
fourth hand keying the transmitter, etc. It is 
a collection of other guys’ articles plus some 
original ideas all boiled into one small 
package by sharing parts, but I guess I 
should write it up if there is still interest 
enough in RTTY anymore — it sure works 
well. 

Hope you enjoy the adapter, and a little 
careful wiring should have it working right 
the first time. TTL and digital things work 
that way - wire it right and it loves you. ■ 
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What’s That In 


M y first introduction to the world of 
computers left me with a reaction 
similar to the one I had when I saw my first 
schematic of a single sideband rig. The 
HHW* flag came up in every register. 

I also tend to break out into a rash when 
real math comes my way, which is not the 
best reaction when starting to shake hands 
with computers. 

Since others of the ham fraternity may 
suffer similar reactions, I have dredged the 
contents of my SVM** to recall a simple 
way of converting a base ten number into 
the binary numbering system or into the 
octal system of notation. 

Interestingly enough, I was exposed to 
this method some thirty-five years ago, in, of 
all places, a Latin class. The instructor 
believed in making things come alive by 
spending some class time showing us how to 
multiply and divide Roman numerals. Com¬ 
puter stuff, by comparison, is mere child’s 
play — and it is no wonder the barbarians 
wiped out Rome. It had to be painfully 
obvious that the Romans were so busy 
XXVIling it that they had no time left to 
fight a mere war. 

Here is a little something for my fellow 
non-math lovers: 

A, b - A 0 ♦ £ a -> b-> ... 

It is perfectly obvious that this little bit 
of razzle-dazzle contains all the wisdom 
needed to convert a number of any base or 
radix to a number with any other base. For 
example, a decimal number to a binary 

•How the Hell does II Work* 

••Somewhat Volatile Memory tmine). 


number or an octal number to a decimal 
number. 

Rather than trying to unscrew the 
unscrutable by translating this little gem into 
basic English, let me pass on a simple nuts 
and bolts nugget of wisdom derived from 
said mathematical mouthful. 

Specifically, let’s examine a way to con¬ 
vert any decimal number, such as 19758 or a 
number of your choice, to binary or octal. 
All you need is the native ability to divide 
by two or by eight. 

Decimal to Binary Conversion 

1. The digits as derived are set down right 
to left, the rightmost digit being the least 
significant bit and the leftmost digit being 
the most significant bit. 

2. We divide the number first into odd or 
even by inspection. If the number is even we 
automatically make the least significant bit a 
ZERO. If the number is odd, we make the 
least significant bit a ONE. 

3. Now we proceed to divide the number 
by two in a series of successive divisions. We 
ignore fractional remainders produced by 
the divisions, i.e., 19 divided by 2 would 
produce a real world answer of 9 Vi, but we 
would ignore the remainder or fractional 'h. 

4. Any division that produces an EVEN 
number gives us a ZERO in our process of 
converting decimal to binary. 

5. Any division that produces an ODD 
number gives us a ONE in our process of 
converting decimal to binary. 

6. The process of successive divisions ends 
when the number is finally reduced to ONE 
again, ignoring any fractional remainders. 


Binary? 


Example: Convert Decimal Number 38 to 
Binary 

1. By inspection, since 38 is an even 
number the least significant bit is a ZERO. 

. 0 

2. 38 divided by 2 = 19. Nineteen is 
ODD, hence next bit is a ONE. 

....10 

3. 19 divided by 2 = 9 (ignore fraction). 
Nine is ODD, hence next bi t is a ONE. 

... 1 1 0 

4. 9 divided by 2 = 4 (ignore fraction). 
Since 4 is even, next bit is a ZERO. 

..0110 

5. 4 divided by 2 = 2. Since 2 is even, 
next bit is a ZERO. 

.00110 

6. 2 divided by 2 = 1 (divisions end). 
Since ONE is ODD, the next bit is a ONE. 

100110 

The final binary number thus produced is 
decimal 38 converted to its binary form. 

This painless method makes it much 
easier to generate decimal to binary conver¬ 
sions than remembering the absolute values 
of each binary bit, particularly for conver¬ 
sions where the decimal number is four or 
five digits long. 

Decimal to octal conversion is a similar 
process involving successive divisions by 
eight. However, the signposts in the divisions 
are different. In the decimal to binary 
conversion we completely ignored the frac¬ 
tional parts associated with the successive 
divisions. In the octal conversion we use the 
numerator of these fractional parts to tell us 
what the octal bit values are to be. 

As you know, in binary or base two, we 
only have a string of ONEs or ZEROs in the 
final conversion. In octal or base eight we 
use the numbers ZERO through SEVEN. 
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Decimal to Octal Conversion 

1. As in the binary conversion, we are 
using a series of successive divisions; this 
time the constant divisor is 8. The same rule 
of bit value applies: Rightmost digit is the 
least significant bit and the leftmost digit is 
the most significant bit. 

2. Select a number in decimal to be 
converted to octal and divide it by 8. This 
will result in a whole number or a whole 
number plus a fraction. If the result of the 
division is a whole number, the octal bit is a 
ZERO. 

3. If the division results in a whole 
number plus a fraction then the octal bit is 
represented by the numerical value of the 
numerator of the fractional part. 


4. The next successive divisions divide the 
whole number part of the previous division 
by 8, applying the above rule for deter¬ 
mining the bit value of the octal number. 

5. The successive divisions come to an 
end when you are left with a simple fraction. 

Example: Convert Decimal 525 to Octal 

1. 525 divided by 8 = 65-5/8. Thus our 
least significant bit is 5. 

...5 

2. 65 divided by 8 = 8-1/8 thus our next 
bit is 1. 

..15 

3. 8 divided by 8 = 1-0/8. Since ONE is a 
whole number the next bit is a ZERO. The 
form 1-0/8 is shown to make it clear that the 


numerator is really still our guidepost even 
in the case of "no” fractional remainder. 

.015 

4. We now divide ONE by 8 (which 
equals 1 /8), which produces our most signifi¬ 
cant bit - and the division process ends as 
we are down to a simple fraction. 

1015 

Thus 525 decimal has been converted to 
1015, which is its octal equivalent. 

These simple conversions will make life a 
bit more livable when you meet the com¬ 
puter, and you are a giant step ahead of 
good old Flavius Maximus, who had to 
MCXVII it all the way to the Circus 
Maximus checkout. By the time he got his 
change counted, the show was over! ■ 


QST QST QST de K6QX 

The WORLD QSL BUREAU has moved to a 
New Address!! From now on, please send your 
cards to: 111 Farm Hill Way, Los Gatos, CA 
95030 We promise the same dedicated service 

73 ORM K6QX 

(P.S. We'll still forward your cards to 



PAUITV AND DUPLEXER 

wrlV III Reference Manual 

Varden Electronics Company 


We’re Fighting Inflation. 
No Price Rise for ’76 


FOR FREQUENCY STABILITY 

Depend on JAN Crystals. Our large stock of quartz 
crystal materials and components assures Fast 
Delivery from i 


-*0 CRYSTALS FOR 
•Aetfl* cvi'* e ^ s Marine^ 
Radio 




CRYSTAL SPECIALS 

Frequency Standards 

100 KH Z (HC 13/U).$4.50 

1000 KH Z (HC 6/U). 4.50 

Almost all CB sets. TR or Rec .$2.50 

(CB Synthesizer Crystal on request) 

Amateur Band in FT-243 .ea. $1.50 

.4/$5.00 

80-Meter .$3.00 (160-meter not avail.) 

For 1st class mail, add 20* per crystal. For Airmail, 
add 25*. Send check or money order. No dealers, 



K-ENTERPRISES 



MODEL 4XGC 

50 HZ-250 MHZ. *270.00 


300 and 500 MHZ PRESCALERS 
FREQUENCY STANDARDS 
MARKER and PEAKING GENERATORS 
POWER SUPPLIES AMPLIFIERS 
WRITE FOR FREE CATALOG 


K-ENTERPRISES 

1401 N Tucker Shawnee. Okla. 74801 
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by 

John W. Crawford WA4SAM 
2471 Pyrenees Ct. 

Reston VA 22091 


The Smart Power Supply 


T he need for a good, laboratory grade 
hi$i current power supply prompted 
the design of this continuously variable 
current and voltage regulated supply for 
general bench use. Various parameters were 
considered with an eye to size, cost and 
simplicity. It was decided to design a 0-20 
Amp, 0-25 volt regulated supply with an 
additional regulated 5 volt, 10 Amp logic 
output for experimenting with hi$i current 
TTL circuits. 

A Motorola chip MCI 466 is available for 
$7.50 from most 1C distributors. This 
basically is the heart of the power supply. 
The chip continuously monitors the 
voltage/current requirements and provides 
an output proportional to the various para¬ 
meters as set by front panel controls. This 



Heal sink and capacitor (CIS) mounting. Unregulated voltage from the bridge rectifier 
assembly is attached to one of similar screws at each end of heat sinks, 2N3055 pass 
transistor s are fastened to heat sinks. The , 10 Ohm resistor in view was used in prototype, 
but higher current supply as described in text must have two each. 


output is fed to some pass transistors to 
boost the current to the required level. All 
the regulator parts are mounted on a PC card 
with the exception of the 2 pass transistors 
and their emitter resistors. 

With this design, any voltage/current rela¬ 
tionship may be employed, the output 
depending only on the maximum ratings of 
the 2 pass transistors and the transformer/ 
rectifier used. It would not be unrealistic to 
use this same circuit but with a different 
transformer to provide a 0-50 volt, 30 Amp 
supply, or by changing both transformer and 
pass transistors a 0-500 volt, 2 Amp supply. 
The chip is quite versatile, maximum current 
and voltage output being determined by the 
value of the voltage and current adjust pots. 
For maximum output, 1 mA must flow 
through pins 3 and 8 of the 1C. Therefore, 
for a 25 volt supply, this value is 25k. For a 
50 volt supply, it is 50k. As long as the 
voltage from the rectifier is 2 volts or so 
above the maximum value required, the 
finished unit will exhibit voltage and current 
limiting to the required maximum limits. 

The circuit is straightforward and simple. 
An auxiliary supply, 20 to 30 volts at 20 
mA, is required for operation of the 
MC1466. A Calrad or similar Japanese trans¬ 
former rated at 26.5 volts at 80 mA was 
used with a simple on-card half wave 
rectifier and filter capacitor. The main dc 
supply is obtained from a Signal Trans¬ 
former Company 18-12 transformer. This 
transformer has two center-tapped windings 
rated 18 volts at 12 Amps. Paralleling these 
windings and utilizing a bridge rectifier gives 
a maximum 25 volt, 24 Amp output from 
the supply. Transient and noise protection 
to the 1C is necessary and is accomplished by 
Cl, C 2 , C 3 , Cg, Cio, Cn, R| and D 3 . The 
capacitors equalize high frequency com¬ 
ponents across the main and auxiliary 
supplies while the resistor and zener diode 
shunt transient spikes around the 1C. 

A range switch switches the transformer 
secondary taps to keep from wasting power. 
When up to 10 volts or so is needed, this 
switch controls a relay which is hooked to 




Fig. I. Schematic. Nate: AH resistors A Watt except where noted. All diodes 1N4002 or equivalent except 02, 03, DS. 02, 08 are SOpiv 20 
A. Dark lines indicate wire or heavier. All other wiring # 18. 


the 0 and 9 volt taps on the transformer. If 
higher voltage is needed, it must be placed in 
the high position which utilizes the full 
secondary of the transformer . 

Since cost was a factor, inexpensive 
Japanese meters were used. They are 
accurate to within 4% of full scale. With 
respect to voltage, this is a mere one volt. 


When checked against DVOM, they were 
found to be well within this accuracy. 

The bridge rectifier used was an IR 250 
JBIL-C, rated at 25 Amps, 100 piv. Since 
this is an integrated bridge rectifier configur¬ 
ation designed to be mounted on a single 
heat sink, it was used to save the space four 
discrete mount rectifiers would require. 


Note that an adequate heat sink is required 
(IR HE 510). 

After filtering, the 25 volt output from 
the main supply is fed to the pass transistors 
and the regulator card. The pass transistors 
are two 2N3055s in parallel for current 
requirements mounted on two IR HE513 
heat sinks. The collectors must be insulated 
from ground since they are connected 
directly to the unregulated dc output from 
the filter. The IR heat sinks have insulated 
mounting bushings which preclude the use 
of mica transistor insulators and thus 
provide better heat sink action. The four 0.2 
Ohm resistors (R12-R15) equalize the 
emitter loads and allow for differences in 



Fig. 2(a). PC board (full sine). Etched, 
drilled and tin-plated boards are available 
from the author for $5.00 each. Send SASE. 



>iew of supply. 










Method of mounting capacitor CIS (25000 uF). Large cable ties strap It to heavy 
aluminum bar, bent to fit chassis. Heat sink to left contains 10 A 5 V logic regulators. 
Small capacitor beneath is Cl 2; C13 Is visible attached to LM309 socket. R16 is attached 
to Cl5 terminals. 



Fig. 2(b). Component layout. 



Rear view of power supply showing PC board and heat sink mounting (for pass 
transistors). PC board contains all regulating parts except for pass transistors. 


individual transistors. At full output, each 
parallel leg passes 10 Watts. Thus 2 resistors 
at .2 Ohms, 10 Watts in parallel are hooked 
to the emitter of each transistor to give a .1 
Ohm, 20 Watt resistor. A terminal strip is 
fastened to the heat sink for the other end 
of these resistors by tapping out a 6-32 hole 
in the heat sink and mounting the terminal 
strip so that the resistors fit snugly along the 
channels of the heat sink. 

This method helps keep the resistors cool 
and makes for a neater layout. After con¬ 
necting these terminal strips together with 
heavy wire, another length of 12 or 14 gauge 
wire is run to the current meter. Note that if 
this meter is not used, a .025 Ohm, 15 Watt 
resistor must be used across diode D3 (or 4 
0.1 Ohm, 5 Watt resistors). Also diodes D4, 
D5 and D7 must be used if your input 
voltage is above 20 volts, for protection of 
the chip during short circuit or transient 
conditions. Additional protection is insured 
by D6 in the case of simultaneous pass 
transistor failure and output short circuit, 
and D8 protects the power supply in circuits 
with a high ac content which could damage 
the 1C. 

The logic supply consists of an LM309 
and 2N4398 (or equivalent) shunt transistor 
to provide a fixed 10 Amp, 5 volt regulated 
supply for logic designs where high current 
TTL is used. The 0 and 9 volt ac taps from 
the power transformer are used for primary 
input power. This is rectified in a simple half 
wave circuit and filtered with Cl 2. Cl3 
prevents oscillations from lead dress or other 
factors evident in some of these surplus 
309s. The LM309 then provides the control 
and protection circuitry for the entire 
circuit. Current limiting is achieved by 
limiting the base drive to the PNP transistor 
under short circuit conditions. The internal 
current limit for the LM309 is approxi¬ 
mately 3 Amps. Under short circuit con¬ 
ditions, this causes about a 3.4 volt drop 
across R8, one Amp being needed to drive 
the base of the transistor. Assuming a 1 volt 
VBE for the 2N4398, the peak output 
current is then limited to about 10 Amps. 
The transistor and LM309 are mounted on a 
common heat sink allowing the thermal 
limiting circuitry of the 1C to protect both 
the power transistor and regulator in case of 
excessive dissipation. Additional protection 
is achieved by the SCR and R9. If the 
output rises above 5 volts, the internal 
zeners in the LM309’s output conduct, 
greatly increasing the ground pin current. 
When the output approaches approximately 
7.5 volts, the SCR will fire, thereby shutting 
off the over-voltage and protecting the 
circuit under test. Under normal conditions, 
only about 50 mV is dropped across R13. 
Since the 50 Amp SCR is expensive, this is 
not a necessary addition. If this is omitted, 
however, the 10 Ohm resistor R13 should be 
shorted. This crowbar circuit is effective and 
is good over voltage protection, however, 
since the 5 volt supply is not metered. 




Bottom view of chassis, showing PC board socket wiring, relay placement, and rectifier 
and heat sink location. 


The whole circuit is built into a Bud 
WA1541 portacab on a Bud AC407 chassis. 
This cabinet has a handle on the top for easy 
carrying and is usually found at hamfests, 
sans front panel which can be easily made. 
The front panel layout is included in Fig. 3 
for photo layout on Scotchcal® or other 
panel materials. The 2N3055 transistors are 
mounted on heat sinks which arc placed 
bottom to bottom so that the mounting 
flanges are closest to each other. After the 
2 N 3055s are mounted and RI2-RI5 
installed as previously stated, a hole is drilled 
through the center of each heat sink flange 
and a 6-32 screw with a 6-32 nut, used as a 
spacer, on each holds the heat sinks 
together. The main supply connects to one 
of these screws. The insulated bushings 
supplied with the heat sinks arc secured in 
place and the whole assembly is mounted on 
the right rear corner of the chassis using 
threaded spacers. Directly underneath these 
heat sinks on the inside of the chassis, the 
heat sink for the 25 Amp bridge rectifier is 
secured through the chassis to the threaded 
spacers. A hole is drilled and tapped in the 
bridge heat sink to accept an 8-32 screw, 
which secures the rectifier assembly. The use 
of silicone grease is recommended to insure 
adequate heal sinking. Since the IR 250 
JBIL-C rectifier is insulated from ground, no 
mica insulators are needed. 

The PC card is designed for a Cinch 
50-10A-20 board edge connector. This con¬ 
nector is fastened through the left rear of 
the chassis and wired. Directly in front of 
this is another heal sink for the LM309 and 
2N4398. The front half of the chassis is 
reserved for the main power transformer TZ 
Underneath, the auxiliary supply trans¬ 
former T1 and relay Kl are located. Filter 
capacitor Cl 5 is a 25000 microfarad 50 volt 
unit obtained surplus. It is so targe 
physically that it had to be mounted to a 


piece of steel bracket bar W’ wide, which 
was bent to go up, over and down past the 
pass transistors and other heat sinks on the 
top. It is then fastened to the chassis sides 
and the capacitor held in place with large 
wire ties. The photos show the layout of the 

Substitutions are no problem. The pass 
transistors can be any high current types. 
The others can be any substitutes, keeping in 
mind that an Fr of > .5 MHz is desirable. 
The diodes, except for D2 and D8, are all 
1N4002 or any 1 Amp garden variety plastic 
diodes. If the space is available, the IR 
bridge assembly may be converted to 4 
discrete diodes wired in a bridge configura¬ 
tion but with adequate heat sinks. D2 and 
D8 are 20 Amp diodes heat sinked to the 


chassis. The main transformer, as stated 
previously, can be any voltage desired, not 
to exceed the Vce ratings of the pass 
transistors. Similarly, the current ratings can 
be 2 Amps or 200 Amps, making sure, again, 
that your chosen pass transistors will handle 
it. Relay Kl is a surplus 110 volt DPDT unit 
with 15 Amp contacts wired in parallel. 

After construction, check the unit out by 
placing it on its side and setting the controls 
as follows: 

Voltage Adjust Fully ccw 

Current Adjust Nine o’clock 

Range Switch Low 

Turn the unit on and^ake sure the ‘Tow" 
and “power" lights corfte on. Set the range 
switch to high and check its indicator. Then 
rotate the voltage control until the voltage 
meter reads 10 volts. Rotating the current 
limit pot fully ccw, the voltage will fall to 
zero. Next connect the 0-25 volt terminals 
together and carefully adjust the current 
limit pot until the current meter reads 2 
Amps. Let this condition remain for a few 
moments to check for signs of overheating. 
Next, a 10 Ohm, 10 Watt resistor should be 
placed across the output which will indicate 
a current of one Amp. Watch the voltage 
meter for signs of fluctuation while hooking 
this up to check the regulating circuits. A 
small drop may be evident which will be as a 
result of l J R losses in the wiring and current 

Do these steps in exactly the above 
manner if you are not sure what you are 
doing. If all seems normal, disconnect the 
load and rotate both voltage and current 
adjust pots to max and watch the meters. 
Throw the range switch to low and assure 
that the voltage drifts to about 12 volts with 



Close-up of 2S0JBIL rectifier bridge and heat sink assembly, showing method of 
mounting and wiring. 



If all seems normal, install in the cabinet 
using the 4 panel mounting screws. Next, 
place it on the rear end and drill out the 
chassis flanges to accept #8 self-tapping 
screws, and affix rubber feet through the 
cabinet to these holes. Do not rely on the 4 
panel screws because of the weight of the 
transformer. 

The prototype has been in use for the last 
three months and has been found to be 
reliable and trouble free. The power supply 
exhibits a low impedance at all frequencies 
and low noise. It has been used at full 
output to service a 100 Watt Class C 
amplifier being driven by a 10 Watt trans¬ 
ceiver, as well as a low current automobile 
tape deck, and performed equally as well on 
both set ups. It was a pleasure to set the 
voltage output to 13.5 volts, key the trans¬ 
mitter and amplifier and watch the output 
remain constant in spite of the increased 
current, a fact not before possible when 
unregulated, variac controlled power 
supplies were used. Charging batteries is 
another use to which this has been put. A 
constant charge rate is easy to achieve by 
setting the voltage to anything over what the 
battery is rated and setting the current flow 
to the desired rate. ■ 

Motorola Applications Note DS 9130 R3. 

Electronic Engineering Times, "1C Regulators 
Boost Protection." 

"Regulated, Variable Solid State High Voltage 
Power Supply," Ham Radio. January, 1975, p. 40. 



REGULATED SOLID STATE POWER SUPPLY 



Fig. 3. Front panel layout for photo sensitive panel (50%). Black letters on 
brushed aluminum Scotchcal9 with stick-on back are available from the 
author for $5.00 each. Send large (8'A" x II") SASE. 



"The circuits for this new book 
were located by cover-to-cover 
searching of back issues of U.S. and 
foreign electronic periodicals, the 
published literature of electronic 
manufacturers, and recent electronic 
books, together filling well over 100 
feet of shelving." 

Now that you have some idea of 
the wealth of information contained 
in this single, easy-to-use volume, I'm 

own copy. I highly recommend it. 


building which any Novice would do 

To get the book, complete with a 
record built in demonstrating the 
effects of the gadgets, send $6.95 to 
Guitar Player Productions, Box 615, 
Saratoga CA 95070. 

Master Handbook of 1001 
Practical Electronic Grcuits 
Edited by Ken Sessions 
Tab Books No. 800 
S9.95 


Guidebook ot Electronic Grcuits 
by John Markus 
McGraw-Hill, Inc. (S24.50S 
This is one of the most comprehen 
sive collections of electronic circuits 
available, and it will save you much 
time in finding that special circuit for 


As an example of the sections, here 
are just a few of the 131 categories 
presented: alarm circuits, amplifiers. 
A/O converters, audio, automotive, 
battery chargers, clock circuits, com 
puter circuits, counters, digital display 
circuits, filters, hobby circuits, lasers. 


W. J. Prudhomme WB5DEP 

Electronic Projects for Musicians 

This is a dandy book, written by 
one of 73T s authors. Craig Anderton. 


radio and electronics handbook. The 
Master Handbook of 1001 Practical 
Electronic Grcuits is a valuable 


reference tool, containing schematic, 
logic, and block diagrams for scads of 
electronic goodies. 



















Adrift Over Your C’s? 


by 

F. G. Rayer G30GR 
Reddings, Longdon Heath 
Upton on Severn, Worcs. 
WR8 ORJ, England 


O nce upon a time capacitors were nicely 
marked 0.1 uF, or even 0.05 MFD, or 
so on, as the case might be. But now it is 
necessary to deduce their value from a 
rainbow of bands or spots, not to mention 
such numberings as 4k7, 5n, 5pj. Is that last 
colored band a figure in the value, or a 
tolerance? Not to mention the useful collec¬ 
tion of mica and other capacitors with 
obliterated markings, and those with only a 
maker’s number. Having recently used some 
quite large tubular capacitors marked 5kp, in 
the expectation that they were 5,000 pF, or 
0.005 uF, only to find they were in fact 50 
pF, I decided it was high time a simple 
means of checking the values of doubtful 
capacitors was made. 


The circuit of the result is shown in Fig. 
1, and despite its simplicity it works nicely 
for values from 25 pF to 10 uF. Q1 and Q2 
are combined to form an audio oscillator, 
output from Q1 being applied across the 
bridge. 

The bridge has five capacitors, for five 
ranges. Cx is the unknown capacitor. VR1 is 
a linear pot (it must be linear) for balancing, 
and high resistance phones indicate the null, 
so that the capacitor value can be read from 
the setting of VR1. 

Oscillator 

Assembly details will probably not matter 
much, but the audio oscillator can be wired 
on a tag strip, as seen in the photo. Both the 
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transistors are audio or small output types, 
such as are available in great number, and it 
is difficult to find two transistors which will 
not work here. Q1 must, however, be NPN, 
while Q2 is a PNP type. 

A quite high tone is best, and if necessary 
juggle with C6 or R2, or both, to obtain this. 
The supply need not be 9 V. The phones put 
across R1 will show how this works, and two 
flying leads are soldered on to go to the 
bridge part of the unit. 

Bridge 

The 5-way switch selects any capacitor 
Cl to C5. Without using the extreme settings 
of VR1, where accuracy falls, the center 
setting of VR1 is obtained when Cx is the 
same as Cl, C2 or so on. As an example, if 
C3, 0.01 uF is in circuit, the middle setting 
of VR1 balances the bridge at 0.01 uF for 
Cx. From here, the swing of VR1 goes from 
one-tenth to ten times, so that this range is 
0.001 uF to 0.1 uF. 

In the same way, C2 (1000 pF) gives a 
range of 100-10,000 pF, while C4 gives 
0.01-1 uF, and C5 gives 0.1-10 uF. Cl would 
by the same token provide 10-1000 pF, but 
the null or balancing point for VR1, easily 
audible with larger values, grows a little 
difficult to hear at the extreme low capaci¬ 
tance end of this scale. 

It will be seen that the overlap is such 
that the same total coverage would be 
achieved with only Cl, C3 and C5. These 
three ranges would be 10-1000 pF, 
0.001-0.1 uF, and 0.1-10 uF. However, the 
extra capacitors C2 and C4 are well worth¬ 
while, to fill in for easy checking. 

Cl and C2 should be silver mica 1 percent 
items. For C3, a 2 percent or 5 percent item 
will probably have to be adopted. C4 may be 
difficult to get with better accuracy than 10 
percent, unless costly, while C5 is actually 
two 0.5 uF tubulars in parallel. This means 
that calibration can be accurate for the 
lower values, but is less so for high values. In 
any case much accuracy is often not neces¬ 
sary with large values, except possibly in 
audio filters and some other applications. 

These items are grouped mainly round 
the switch, and the layout shown allows 
convenient wiring with the capacitors 
supported by a near tag of the audio 
oscillator section. 

Case Etc. 

A plastic box about 6x4x2 inches with 
insulated panel is most suitable. It carries an 
outlet for the phones, on-off switch, two 
terminals for Cx and a bracket to clamp the 
battery in position. 

The scale for VR1 is marked 100 pF to 

10k pF tor C2 range, and 0.01 uF to 1 uF 
for C4 range. The switch is marked pF and 



Interior view. 


uF for direct reading of these ranges, and for 
uF x 10, uF -M0, and pF M0 for the other 
ranges. 

Calibration is carried out on the C2 range, 
with several known capacitors, perferably 1 
percent, such as 100 pF, 250 pF, 500 pF 
and a few others. Values can be obtained by 
paralleling some, such as 250 and 100 for 
350 pF, while switching to Cl range allows 
the 100 pF, 250 pF and other low values to 
be used again, for what will be 1000 pF, 
2500 pF and similar lOx values on the C2 
range. 

No calibration is made for the large 
capacitor ranges, as these will be progres¬ 
sively lOx the existing ranges (assuming C3, 
C4 and C5 are accurate enough). 

A clip or two on short leads from the 
terminals will be handy for some capacitors. 
Simply rotate VR1 for the null, and read the 
value on the scale. High impedance phones, 
in the 2k to 4k range, will be best. A dip but 
no real null shows leakage, and is to be 
expected with electrolytic capacitors. ■ 
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How to Use Surplus Pots 


new edition of the 


• More than twice the listings of any other repeater list. 

• New Double Listing — by location and also by frequency. 

• New Handier Grouping — by call areas — makes repeaters easier to find. 

• New Simplified Listings for fast reading — easier to read in the car. 

• New listing of all Pirate Repeaters. 

• Know what repeater you can use and where. 

• Almost 3,000 repeaters listed — for the entire world — not just ARRL affiliated repeaters. 


HAM DIES OF BURST BLADDER! 

Word has just reached the 73 offices of the recent departure for that great DXpedition 
in the sky of a very avid 73 reader. Upon investigation it was ascertained that said ex-ham 
had, shortly before his demise, received delivery of a bundle of back issues of 73. 
Apparently these so captured his attention that other functions were totally forgotten. 

BE WARNED. Back issues of 73 should be taken in moderation. Even though they 
arrive in bundles of twenty, no more than two should be read at any one sitting. 

Back issues are available in three different assortments — vintage, mid-years and recent. 
These are packed by the mentally handicapped (73 is an equal opportunity employer), so 
no specific issues can be requested ... you take what you get .. . the only guarantee is 
that all will be different and some will be musty, particularly the VINTAGE BEAUTIES. 

The supply of these FANTASTIC GEMS is very limited so run do not walk to your 
checkbook and flip the $6.50 per bundle to us right now. 


You ttutd cm ATLAS! i 

Lucky for you we still have atlases. These are not 
cheap junky discount-house type trash atlases, these 
are the finest ever made, profusely illustrated, 
exquisite in appointment, a joy to behold, a pride to 
own, a king couldn’t do better. Hammond spares no 
expense to turn out the very finest atlases in the 
entire world. The only expense that is spared is the 
one we spare you by making these extraordinary 
books available. Where else can you buy a $20 atlas 
for only $7. Order now, we have a limited supply. 



□ Repeater Atlas 

□ World Atlas $7.00 

□ Back Issues S6.50/bundle 

□ Vintage 

□ Mid-Years 

□ Recent Years 


Address _ 

City _ State 

_Cash _Check _ Money Order 

□ Master Charge #_ 

□ BankAmericard #_ 


-II EL 


Expir. date_Signature_ 

Send to: 73 MAGAZINE Peterborough NH 03458 


by 

Robert W. Fay WB0NPN 
4201 Briar Park 
Lincoln NE 68516 


There are many good buys 
in potentiometers to be 
found on the surplus market. 
Some of these are of the 
adjustment and precision 
types, forms of pots that are 
precisely settable and 
manufactured to exacting 
specifications. This article 
will describe basic 
characteristics of adjustment 
pots, methods for identifying 
usable units and simple tests 
to make sure they are 
functioning properly. 

A potentiometer is a 
variable resistor used to 
adjust voltages in electronic 
circuits. It is composed of a 






resistive element, whose total 
resistance is the Value used 
for identification purposes. A 
current flows through the 
resistance creating a voltage 
drop across the resistor, and a 
movable wiper contact is 
driven from one end of the 
resistance to the other, 
thereby tapping the resistance 
to obtain the desired voltage. 

Adjustment potentio¬ 
meters are made by several 
major electronics components 
manufacturers. Surplus 
circuit boards often contain 
pots of varying styles and 
resistance, thereby offering a 
variety of additions to the 
junk box. 

The most common type of 
pot is the single turn panel 
mount used for repetitive 
adjustment purposes such as 
volume, squelch, etc. These 
are turned with a knob, 
screwdriver, alien wrench or 
the bare finger routine, and 
are adjusted from end to end 
in one turn or less. 

Precision pots are also 
panel mounted and knob 
adjustable. However, they are 
made of multiple turn design 
which permits the use of a 
long, coiled resistance 
element. As the pot is 
adjusted, the wiper spirals 
along the coils permitting 
great precision and 
settability. Precisions are 
often mounted with a clock 
or digital readout dial, 
thereby allowing exact 
resetting. 

An adjustment pot 
operates on a screw and gear 
reduction principle, with 
multiple revolutions of the 
adjustment screw being 
required to drive the wiper 
from one end of the 
resistance to another. Since 
they have a shorter resistance 



r- 2 METER CRYSTALS IN STOCK—, 

We can ship C.O.D. first class mail. Orders can be paid by: check, money order, 
Master Charge, or BankAmericard. Orders prepaid are shipped postage paid. Phone 
orders accepted. Crystals are guaranteed for life. Crystals are all $5.00 each (Mass, 
residents add 25tf tax per crystal). U.S. Funds Only 

We are authorized distributors for: loom and Standard Communications Equip¬ 
ment. (2 meter) 

Note: If you do not know type of radio, or if your radio is not listed, give fun¬ 
damental frequency, formula and loading capacitance. 

LIST OF TWO METER CRYSTALS CURRENTLY STOCKED FOR 
RADIOS LISTED BELOW: 


1*. Drake TR-22 

2*. Genave 

3». Icom/VHF Eng. 

4*. Ken/Wilson /Tempo FMH 

5». Regency HR-2A/HR212/Heathkit HW-202 


6». Regency HR-2B 
T. S.B.E. 

8*. Standard 146/826 
9*. Standard Horizon 
10«. Clegg HT-146 


The first two numbers of the frequency are deleted for the sake of being 
non-repetative. Example: 146.67 receive would be listed as - 6.67R 


1. 6.01T 9.6.13T 17. 6.19T 

2. 6.61R 10. 6.73R 18. 6.79R 

3. 6.04T 11. 6.145T 19. 6.22T 
4.6.64R 12. 6.745R 20. 6.82R 

5. 6.07T 13. 6.16T 21. 6.25T 

6. 6.67R 14. 6.76R 22. 6.85R 

7.6.10T 15. 6.175T 23. 6.28T 
8.6.70R 16. 6.775R 24. 6.88R 

CRYSTALS FOR Tl 
BACK IN 13.884444MHzM3T 

STOCK! 


25. 6.31T 33. 

26. 6.91R 34. 

27. 6.34T 35. 

28. 6.94R 36. 

29. 6.37T 37. 

30. 6.97R 38. 
31.6.40T 39. 
32.6.46T 40. 


6.52T 41. 
6.52R 42. 
6.55T 43. 
6.55R 44. 
6.94T 45. 
7.60T 46. 
7.00R 47. 
7.63T 48. 


7.03R 

7.66T 

7.06R 

7.69T 

7.09R 

7.72T 

7.12R 

7.75T 

.851iii r 


49. 7.15R 

50. 7.78T 
51.7.18R 

52. 7.81T 

53. 7.21R 

54. 7.84T 

55. 7.24R 

56. 7.87T 


57. 7.27R 

58. 7.90T 

59. 7.30R 

60. 7.93T 

61. 7.33R 

62. 7.96T 

63. 7.36R 

64. 7.99T 

65. 7.39R 


IC-22A 


mm 


Built-in crystal units for 5 channels. 
Reception System Double Superheterodyne 

Intermediate Frequencies 1st intermediate: 10.7 MHz 
2nd intermediate: 455 kHz 

Sensitivity a. Better than 0.4 u v 20db quieting 



STORE HOURS: MON-FRI: 9 A.M.-9 P.M. SAT: 9 A.M. - 6 P.M. 


demise© ss/s* 


PHONE 

(617) 471-6427 


OoimiirraiyirDBoaitlDorB® 
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Style Resistance-Tempers 

Characteristic 

Wirewound 

RJ24 C 

Non-wi rewound 

RJ24 F 

Established 
Reliability 

RTR24 D 

RJR24 F 


Terminals 


P 101 

P 101 


Table 1. 


p 101 M 

P 101 M 



element, their precision falls 
between the multi-turn and 
the panel control. 
Additionally, most 
adjustment pots contain a 
clutch mechanism at the end 
of wiper travel to prevent 
internal damage, which could 
result due to the mechanical 
advantage of the gear 
reduction system. Leadscrew 
versions are driven linearly 
with a machined leadscrew, in 
the same manner as the tool 
holder of a lathe. Worm gears 
have the resistance element 
formed in a circular manner, 
and contain a worm driving a 
gear to produce the circular 
motion of the wiper. Space, 
mounting requirements, elec¬ 
trical specifications and 
function are the prime deter¬ 
minants in the selection of 
which type to use. 

The most common types 
of pots have resistance 
elements made of carbon, 
cermet, conductive plastic 
and wire. The carbon pot is 
most often found in panel 
mounting controls. They are 
made by depositing a carbon 
based resistance compound 
on a dielectric mandrel. 
Carbons can be made in very 
high resistances, have a 
negative temperature 
coefficient, and tend to 
absorb moisture. 

The cermet pot is made by 
printing a proprietary 
suspension on a ceramic 
substrate. This type is rapidly 
replacing the carbon pot due 
to superior electrical and 
mechanical performance, plus 
manufacturing cost 
advantages. They withstand 
elevated temperatures, offer 
long mechanical cycle life and 
infinite resolution. 

Conductive plastic is quite 
similar to cermet, and 

development in pots. The 
resistive ink is chemical in 
nature rather than a 
suspension. 

The wirewound pot is 
made by winding a very small 
diameter wire on a dielectric 
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or insulated mandrel, which is 
then formed to fit within the 
configuration of the finished 
unit. The resistance per foot 
of the wire is translated into 
the number of turns of wire 
required to produce a 
predetermined total 
resistance for a given 
diameter and length of 
element. Destructive analysis 
of a 10 Ohm and a 50k Ohm 
wirewound would show much 
larger diameter wire more 
widely spaced in the 10 Ohm 
than in the 50k. The wire in 
the 50k will actually be 
smaller in diameter than 
human hair. 

Generally speaking, 
wirewound pots are used in 
applications requiring high 
power handling capability, 
stability of setting, and low 
temperature coefficient 
characteristics. Carbons, 
cermets and conductive 
plastics permit infinite 
resolution, stability of 
setting, better high frequency 
performance than 
wirewounds, and are available 
in a very broad range of 
resistances and tapers. They 
are lower in cost than 
wirewounds. 

Before we go further into 
identification and testing, 
let’s look at definitions for 
some of the terms already 
used and those to come later. 
These are the most common 
terms affecting the casual 


Resistance Code 

(Ohms) 

10 100 

20 200 

50 500 

100 101 

200 201 

500 501 

Ik 102 

2 k 202 

5k 502 

10k 103 

20k 203 

50k 503 

100k 104 

200k 204 

500k 504 

1 Meg 105 

2 Meg 205 

5 Meg 505 


Total Resistance (TR): The 
resistive value in Ohms of the 
entire pot. Omitting the 
variable wiper tap, the pot 
could be used as this value of 
fixed resistor. 

Resistance Tolerance: The 
variation from nominal value 
in Ohms, usually specified as 


a percentage. A 50k Ohm 
unit with a tolerance of ±10% 
could have a value between 
45k and 55k. 

Power Rating: The power in 
Watts which the pot is 
capable of dissipating at a 
specified temperature. Use 
Ohm’s law to calculate the 


power dissipated in a 
particular situation. The 
power dissipation capacity 
will be reduced at elevated 
temperatures. 

Maximum Operating 
Temperature (MOT): The 
highest temperature at which 
the pot is rated to function. 


-GATEWAY- 

electronics 


KEYBOARD ENCODER CHIP - 
ASCII -.$10.00 

• Outputs TTL/DTL or MOS 
Compatable 

• External Control of Output 
Polarity 

• One 1C required for complete 
keyboard 

• Requires +5 and —12 Volts 

• Simple Contact Closure 

• with Data Sheets 
1103A-2 Dynamic 1024 x 1 

RAM .$1.00 

2102 Static 1024x 1 

RAM .$2.95 



MINIATURE 

THUMBWHEEL SWITCHES 

BCD ONLY.$2.50 

COMPLIMENT ONLY. 2.75 

BCD & COMPLIMENT. 4.00 

DECIMAL. 2.50 

END PLATES (PAIR).50 

HALF BLANK BODY.40 

FULL BLANK BODY.40 

DIVIDER PLATE.40 

MINIATURE SIZE 0.315 X 1.3 X 
1.78 

AH switches are black with white 
Figures and snap-in front mounting. 


VISIT US WHEN IN ST. LOUIS OR DENVER J 



Table 2. Resistance Codes. 
















Higher temperature, either 
internal or ambient, may 
result in electrical 
characteristic changes, and/or 
electrical or mechanical 
failure. 

Resolution: The minimum 
change in resistance that can 
be obtained in adjusting the 


pot. It is infinite in the case 
of a continuous strip 
resistance such as the cermet. 
In a wirewound, it is 
dependent upon the number 
of turns of wire that are in 
contact with the wiper, and 
the change in resistance per 
turn of wire. 


Contact Resistance Variation 
(CRV): The change in 
resistance seen by the wiper 
circuit attributable to the 
movement of the wiper. It is 
specified as a percentage of 
the total resistance. This can 
be demonstrated by 
connecting a wiper to the 


vertical amplifier of an 
oscilloscope. Using a slow 
horizontal sweep rate, turn 
the adjustment screw at a 
constant rate. This will 
produce a slanted trace which 
shows the voltage drop seen 
by the wiper from one end of 
the resistance to the other. 
However, at the instant the 
screw is started and stopped, 
there will be a sharp vertical 
deflection of the trace. This 
represents the added 
resistance in the circuit 
caused by the movement of 
the wiper over the resistance 
material. Special circuits can 
also be constructed to show 
the short time duration spikes 
which occur during 
adjustment A storage scope 
is of great use in this testing. 
Minimum End Resistance: 
The smallest resistance 
obtainable when measured 
between a TR pin and the 
wiper, with the wiper driven 
to the end of its mechanical 
travel. It is expressed as a 
percentage of total resistance, 
or in Ohms. Ideally, it is zero 
Ohms, but in practice will not 
reach this value due to 
contact resistance within the 
pot or physical factors of 
construction. 

Nominal Turns Adjustment: 
The average number of 
revolutions of the adjustment 
screw needed to drive the 
wiper from one end of the 
resistance to the other. 
Temperature Coefficient: The 
change in resistance per 
degree change in temperature, 
expressed in parts per million 
(ppm). Typically, the 
temperature range is —55°C 
to +150°C. 

Taper: A term describing the 
change in resistance per unit 
advancement of the wiper. 
The taper is linear when the 
change in resistance is 
uniform with respect to wiper 
advancement. Just about any 
taper can be made. 
Mil-Spec Humidity 
Requirement: Mil-Spec units 
must pass a humidity test. 
This insures that they will 
















operate satisfactorily in a 
wide variation of ambient 
conditions, and may be 
successfully post coated after 
assembly to the circuit board. 
Will be stated as yes or no in 
the specification sheet. 
Noise: A discontinuity 
between the wiper and 
resistive element experienced 
as the wiper is driven along 
the resistance. It would be 
observed in the same test set 
up for CRV as a sharp vertical 
deflection or discontinuity on 
the scope. Manufacturers 
establish QC criteria relating 
to permissible voltage 
variations and time durations. 
Everyone has experienced 
this in the extreme form of a 
noisy volume control. 

DESC: Defense Electronic 
Supply Center. The agency 
which sets Mil-Specs for all 
electronic components, and 
verifies performance to these 
requirements. 

Qualified Parts List (QPL): A 
listing of manufacturers 
qualified by test and 
performance verification to 
produce potentiometers listed 
in the Mil-Specs. Letter 
designators are listed on the 
pot to indicate the level of 
qualification (number of 
successful hours of testing 
without failure exceeding 
prescribed limits). 

When you obtain a surplus 
pot, you will find it marked 
with either the manu¬ 
facturer’s model number or 
the Mil-Spec designation. In 
some cases both the Mil-Spec 
designation and the 
manufacturer's model 
number may appear on the 
pot. In this case, it is obvious 
that the manufacturer uses 
the same basic design to fill 
both markets, although the 
exact specs and quality 
control testing for each group 
may be different. It should be 
noted that Mil-Spec 
requirements are minimums 
that a pot must meet. It is 
possible to exceed these 
requirements in regular 
production. 

A manufacturer introduces 


any model potentiometer for Table 3. Key to 
which he feels there is a terminal types. 
market. However, in the case 
of Mil-Specs, there are only 
certain model classifications. 

These relate to physical size, 
type of resistive element, and 
electrical/mechanical specs. 

This permits standardization 


Description 
J Hook Solder Lugs 
Insulated Stranded Leads 
Solder Lugs 

Printed Circuit Pins (flat mtg.) 
Printed Circuit Pins (edge mtg.) 

Printed Circuit Pins (edge mtg.) 

with screw at right angles to | 
Printed Circuit Pins (staggered - 
flat mtg.) 



1976 And Your 
Bicentennial Callsigns 


ONLY BICENTENNIAL PREFIXES WILL BE USED. 


Be the first in your area with a special BICENTENNIAL QSL card. 

These cards are gorgeous - red, white and blue (you were expecting fuscia and 
mauve?). And they are 100% custom made ... with the exception of the bicentennial 
design and contact report form on the back . .. you can have your own call letters 
(unless you'd rather be AC2NSD/1 for a year (which is no bargain, believe it). 

You also get your own name and address on the card (unless you happen to be 
another Wayne Green, which happens). 

These cards are ganged up into large batches and run off the 73 presses in between 
other work, so you don't get real fast delivery, but you do end up with a fantastic QSL 
at a ridiculously low price (and there are a lot of fans for that sort of service these 
days). 

Suggestion: order today, right now, not later, not next week. Send cash, check, 
money order, IRCs, Master Charge or BankAmericard numbers .. . send something 
negotiable. . . , , „ 

Allow 4 weeks for delivery. 

Domestic Orders Only 


ORDER-AND PAY 

□ 250 cards. 

.S 7.50 


n 500 cards. 

.$12.50 


□ 1000 cards. 

.$20.00 


Amount Enclosed $ 


. KB6 . 
KC4 . 
KG6 . 
KH6 . 


Master Charge 


QSL CARDS, 73 MAGAZINE, Peterborough NH 03458 
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Table 4. Key to failure rates (established reliability). 


electronics market. 

To be listed on the QPL 
for a given designation, a 
manufacturer must produce 
pots which will meet all of 
the applicable Mil-Specs, in 
test conditions supervised by 
DESC. Once listing on the 


"l^wHR-212 



American Made Quality at Import Price 

The Incomparable 12 Channel 
2 Meter FM Transceiver 


Here's an outstanding value 
that delivers 20 Watts of 2 meter 
FM power. The unique front 
panel mode switch enables 
predetermined or independent 
paired frequency operation. LOCK 
mode provides full 12 channel 
transceive on frequency pairings 
normally used in your area. 

UNLOCK mode permits up to 
144 possible frequency 
combinations. The receiver gives 
0.4 /xv sensitivity and 3 watts 
audio output. All of this 
for only 


‘259 
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ELECTRONIC 

MUSIC SYNTHESISyANALOG PROCESSING 
• PLANS SKITS •CIRCUIT THEORY 
• INDUSTRIAL RSD TECHNIQUES 
• PARTS S COMPONENTS 
featuring STATE-OF-THE-ART technology, and 
professional-lab quality designs at LOW COST 


• Voltage controlled filters S amplifle 

• Joystick controlled filters & faders 

• plus MUCH MUCH MORE 

information . . . send 2SC or SASE to 
r p R P.O. Box F, Newton, N.H 

ASSOCIATES 

name in synthesis 


n 


03858 


Govt. SURPLUS 

ELECTRONIC 

EQUIPMENT 

CATALOG 


New ITEMS ... New BARGAINS! 

FREE UP0N R£ Q UEST! 

If you haven't received our new Cata¬ 
log, write for free copy today. Address: Dept. 73 


ELECTRONICS, INC. 

7707 RECORDS STREET 
INDIANAPOLIS, INDIANA 46226 ! 

An FM Model For Every Purpose.. . 
Every Purse 


you ASKED FOR IT! ECM-5B „ 

FM Modulation Meter (! - j 

only $132 ; j 

NEWOPTlONS kS204g 

• * • 



iHfH 


See! 

73 BICENTENNIAL 
SUBSCRIPTION AD 
p.19 


QPL is obtained, the 
manufacturer must 
periodically retest production 
units in each designation to 
insure continued compliance. 
Additionally, there are 
different levels of 
qualification which relate to 
the total number of hours 
test units have been 
functioning under specified 
electrical load conditions 
without failures exceeding a 
set rate. The qualification 
level, as we will see later, is 
marked on each Mil-Spec 
unit. Most manufacturers also 
conduct a similar program of 
recertification for their own 
models. 

Each potentiometer model 
is manufactured in several 
different mounting 
configurations. This permits 
the utmost flexibility for the 
circuit board designer. 
Basically, these involve the 
orientation of the adjustment 
screw with respect to the 
; terminal pins, the spacing and 
shape of the pins, and the 
physical dimensions of the 
pot. It is also possible to buy 
pots with wire leads, thereby 
permitting mounting of 
numerous assemblies at a 
location convenient for 
service adjustment. Rarely 
will the operating 
characteristics of the same 
model vary between pin 
styles. 

Now that we have the 
basics down, let’s pick up a 
pot and learn how to identify 
it. We’ll start with some 
Mil-Spec units, which are the 
most often encountered type. 

Tables are included to 
explain the coding. The 
breakdown between 
wirewound and 
non-wirewound is evident, 
together with the additional 
R in the established reliability 
group. Each type will also 
have a date code, such as 
“7426A." This means the 
twenty-sixth week of 1974, 
and the letter indicates 
manufacturing plant location, 
which can be obtained from 
the QPL. 








There is another grouping 
of Mil-Spec pots known as 
the Established Reliability 
group. These are upgrades of 
the regular DESC models, and 
must continually pass the 
most exacting tests. Table 4 
contains an explanation of 
the failure rates. 

All pots also have an 
electrical schematic printed 
or molded on them. This 
enables you to mount the pot 
correctly and know which 
way to turn the adjustment 
screw for the desired effect. 

Were you to obtain the 
same pot produced as the 
manufacturers’ model, it 
would be labeled as 
“3290-1-101,” or in the non- 
wirewound, "3292P-I-101,” 
in the case of Bourns. The 
model numbers have been 
substituted for the RT/RJ, -1 
indicates it is the normal 
production version of this 
model, and P and 101 have 
the same meaning as in the 
DESC version. Some pots 
may also have the resistance 
printed in plain language. 

Pots are often made with 
special characteristics or 
testing for specific customers. 
In such a case, the -1 would 
be changed to an 
identification number unique 
to that customer. Although 
you are apt to find such units 
on surplus boards, there is no 
way to interpret these 
markings, and the unit will 
have to be tested to 
determine if it is usable in 
your particular application. 


many of these pots have had only special testing or 
electrical preconditioning. 

Now that we can identify what we have, let's 
move on to some simple tests that will let you 
know if the pot is usable. All of these can be 
performed with an ohmmeter. 

Set the ohmmeter range to coincide with the 
TR code of the pot and measure TR by connecting 
to the two appropriate pins, as indicated by the 
schematic. Remember to account for the TR 
tolerance per our definitions. If you are unable to 
get a reading, switch the meter successively to 
different ranges. No reading on any range indicates 
an open pot, which is useless. If a reading is 
obtained on a different range, the pot may be 
misprinted, or there may be an electrical malfunc¬ 
tion within the unit. We will see how to determine 
which of these is the case further along. 

Now switch one of the ohmmeter probes to the 
wiper pin, leaving the other on one TR pin. A 
change in resistance as the adjustment screw is 
turned should be noted. If a change does not 
occur, the wiper is not driving, and the pot is 
useful only as a fixed resistor. 
_ Continued 
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Symbol Maximum Resistance 

teristic <25°C) 

C ±250 ppm 

F ±100 ppm 

H ±50 ppm 

J ±10 ppm 

C2 ±50 ppm 

D (ER Only) ±50 ppm 


Maximum ambient 
temperature at rated 

85°C 

85°C 

85°C 

85°C 

85°C 

85°C 


Table 5. Resistance-Temperature Characteristic. 


Maximum ambient 
operating temperature 

150°C 
150°C 
150°C 
150°C 
150°C 
150°C 


VIDEO CRT KIT 


Kit of parts to build CRT display all brand 
new parts. Contains 9 inch CRT Sylvania 
9ST4716AP39 tube shield, yoke, flyback 
transformer, socket, grid cap, 20KV door 
knob capacitor. 

Complete kit, all brand new - $20.00 


COMPUTER TAPE DECK $25.00 

Cassette computer deck, w/2 servo motor drives, heads 
(no electronics). Hi speed search, 3x206 bits, less than 1 
minute. Records 1,000 characters per second. One 
cassette 300,000 characters. An unusual offer. Slightly 
used, OK, with some data. 

$25.00 ea. 5/$110.00 


POWER SUPPLY MODULE 

New, plug-in module. Plugs into AC outlet provides 12 
volts AC at % amp by two screw terminals. Great for 
various clocks, chargers, adding machines, etc. New 

$2.50 ea. 5/$10.00 


LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x4 'k 
x 9 'k inches. $25.00 each 5/$110.00 


TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 214 x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/$25.00 

NIXIE BOARD 

Unused PC board with 2 nixies B-5750S mounted and pins 
terminating on PC board edge. Useful for counters, clocks, 
etc. Numerals 14 inch high, 180 volt neon. 

#SP-206 $2.50 









Please add shipping cost on above. 

P.O. Box 62 

E. Lynn, Massachusetts 01904 
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Without changing the 
ohmmeter connections, turn 
the adjustment screw until 
the resistance indicated goes 
to zero. Now, turn the 
adjustment screw at a 
uniform rate until the 
resistance indicated reaches 
the TR value. If the resistance 
change from zero to 
maximum occurs uniformly 
with revolutions of the 
adjustment screw, the unit 
has a linear taper and is 
functioning properly. Watch 
for equal resistance changes 
per screw revolution, rather 
than uniform meter 
movement, since most 
ohmmeter scales are 
non-linear. Various tapers can 
be determined by plotting 
resistance change vs. screw 
revolutions. 

If a unit whose measured 
TR did not agree with that 
printed on the case were 
tested in this manner and 
showed a sudden change in 
resistance under this test, we 
would have a defect within 
the pot which is causing a 
large resistance change atone 
point along the resistive 
element. These pots should 
not be used, as changes in TR 
with environmental or 
internal temperature 
variations may occur. Such 
failures can occur due to 
broken substrates, broken 
wires or numerous other 
failure modes. Dissection of 
the pot and subsequent 
tracking of the ohmmeter 
probe along the resistor 
would reveal the defect 
location. 

Connect the ohmmeter 
lead simultaneously to all 
three terminals and the other 
lead to the adjustment screw. 
There should be no 
continuity. This test may be 
repeated several times while 
you are checking drive. 
Indication of continuity 
would mean electrical contact 
between wiper and screw, 
resulting in an electrically 
active screw and a potential 
for circuit damage or 
electrical shock. 

The ohmmeter may or 
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may not be able to detect 
noise within the pot, 
depending upon time 
duration of the wiper 
discontinuity or damping of 
the meter. A short term 
deflection of the meter 
towards infinity is an 
indicator of noise. It can 
most readily be observed 
while turning the adjustment 
screw slowly. Unless noise 
extends over the entire 
resistance, the serviceability 
for amateur use is not 
seriously affected, since it is 
unlikely that the wiper would 
have to be positioned exactly 
at that point. 

With the general 
information, definitions, 
tables of characteristics, and 
tests which we have 
developed, you are set to 
identify, test and use surplus 
pots. In home brew work, the 
choice of which pot to use in 
a given application usually is 
controlled by what is on hand 
more than operating 
parameters. I would suggest 
only a few guidelines. 

If you are dealing with 
frequencies above audio, stay 
away from wirewounds. They 
make excellent inductors, 
with very unpredictable 
results. Check the power 
requirements which will be 
needed against the 
manufacturers’ or DESC 
specs, and don't exceed them. 
By the way, the catalogs of 
major electronic supply 
houses are excellent sources 
to obtain the manufacturers' 
basic specs. 

The MOT of many pots is 
close to the maximum 
temperature that internal 
components can stand 
without failure. Overloading 
the pot will raise its 
temperature, inviting failure. 
Choose a pin style that will 
fit neatly on the circuit or 
perf board and provide easy 
access for adjustment. If the 
pot has to be buried in a 
sandwich, use a wire lead 
model. 

Adjustment potentio¬ 
meters are rugged devices, so 


only moderate care need be 
exercised in mounting to 
circuit boards. All pots have 
high solderability 
requirements for the 
terminals, since they are 
usually wave soldered to 
boards. Surplus pots may 
show degraded solderability 


due to contaminants on the 
pins. These may be cleaned 
with freon or isopropyl 
alcohol prior to use. The flux 
contained in the solder core 
should do the remainder of 
the cleaning job. 

As with all electrical 
components, there are a lot 


of specs that the normal user 
is never concerned with. I’ve 
listed only the most common 
ones in this article, leaving it 
to the individual to acquire 
other information if the 
situation warrants. Good luck 
and happy building using 
adjustment potentiometers. ■ 
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COLLINS R-388/URR RECEIVER, military version of the 
51J-3, tunes 500 kHz to 30.5 MHz, 19" rack mount, 115 

V/60 Hz.$345.00 

COLLINS R-388A/URR RECEIVER, military version of 
the 51J-4, has switch for mechanical filters, tunes 500 kHz 

to 30.5 MHz, 19" rack mount 115 V/60 Hz.475.00 

COLLINS R-389/URR VLF RECEIVER, tunes 15 kHz to 

1500 kHz, digital readout, 115 V/60 Hz. 550.00 

R-390/URR RECEIVER, tunes 500 kHz thru 30.5 MHz 
digital tuning, dual rf, audio filters, 11 5 V/60 Hz, 19" rack 
mount.450.00 

R-390A/URR RECEIVER, tunes 500 kHz thru 30.5 MHz, 
mechanical filters, 115 V/60 Hz 19" rack mount .. 650.00 
HAMMARLUND SP-600JX, tunes 540 kHz to 54 MHz in 6 

bands, 11 5 V/60 Hz, 19" rack mount.375.00 

URR-13 RECEIVER, tunable UHF 225-400 MHz, used to 
monitor military and satellite frequencies, 115 V/60 

Hz.145.00 

R-109/GRC RECEIVER. 27 to 38.9 MHz FM 28 V, 
tunable .24.50 

BC-348 RECEIVER, tunes 200-500 kHz and 1.5 to 18 
MHz, 28 V, easily converts to 115 V/60 Hz by building a 

power supply.65.00 

BENDIX MN-26C RADIO COMPASS RECEIVER, 28 V, 
150 thru 1500 kHz ......18.50 

ARN-14 OMNI RECEIVER, 108.1 to 135.9 MHz, synthe¬ 
sized, complete with mount and control head.39.50 

BC-733 RECEIVER, 108-110 MHz crystal controlled air¬ 
craft receiver, 28 V .7.50 

ARN-5 GLIDEPATH AIRCRAFT RECEIVER, 332-335 
MHz, 28 Vdc, crystal controlled .9.50 

R-19/TRC-1 FM RECEIVER, 70-100 MHz 115 V/60 
Hz.19.50 

COMMUNICATIONS ELECTRONICS CO. TYPE 901-1 
RECEIVER, tunable 30-60 MHz and 60-300 MHz in two 
bands, AM/FM/CW 300 kHz and 20 kHz bandwidth, S 
meter, 19" rack mount .225.00 

PRC-6 ARMY HANDIE TALKIE, 47 to 56 MHz complete 
with antenna, less battery .28.50 

RT-294/ARC-44 MILITARY FM AIRCRAFT TRANS¬ 
CEIVER 24.0 thru 51.9 MHz, 280 channels, synthesized, 8 

Watts output take 28 Vdc with control head.45.00 

SG-3/U FM SIGNAL GENERATOR by Measurements 
Corp., covers 50 MHz thru 400 MHz in 3 bands, 01 to 
100,000 M/V calibrated output fully metered, a late 
military type generator for FM alignment in the amateur, 
marine and commercial field, 115 V/60 Hz.375.00 

MODEL VOX-2, Technical Material Corp., variable fre¬ 
quency oscillator, tunable 2 thru 64 MHz, oven controlled, 
115 V/60 Hz.85.00 

FREQUENCY COUNTER FR114/U, 20 Hz - 1 MHz 6 
digit Nixie readout, ideal for low frequency or audio work, 
a scaler could be designed to operate in higher ranges to 
cover amateur or commercial frequencies — a beautiful 
counter, govt, cost $3,800.00 . 85.00 


ELECTRO MODEL NF FILTERED DC BENCH POWER 
SUPPLY, metered 0-50 Vdc and 0-25 amps dc, variable pot. 
Size 9V4H x 14W x 14L, ideal power supply to run 12 or 28 

Volt equipment, filtered for transistor work.95.00 

BALLANTINE 300 AC VTVM, 10 Hz to 150 kHz range, 1 
mV to 100 V in 5 ranges, logarithmic scale 1-10 dB, 

accuracy 2%.32.50 

SG-34/GPM-15 LOR AN TEST SET, use to calibrate and 

test all Loran a/c receivers 115 V/60 Hz .125.00 

OSCILLOSCOPE PLUG-INS, TEK Type H, K. Lavoie 

LA545/-54D, Hickok 1824, 1825, 1832 .45.00 

AN/PRM-1 RADIO INTERFERENCE AND FIELD 

INTENSITY METER, range 150 kHz - 25 MHz, sensitivity 

1 mV.185.00 

PRM-10 GRID-DIP OSCILLATOR, 2 MHz thru 400 MHz, 

perfect for antenna work.65.00 

TS-175/U FREQUENCY METER, 85 kHz to 1000 MHz 
high frequency version of the BC-221 with original calibra¬ 
tion book.75.00 

HP-400D VTVM, a popular lab instrument, ac 1 mV to 300 

V, 10 Hz to 4 MHz .69.50 

BOONTON 260A Q METER, 50 kHz to 50 MHz . . 225.00 
NEW LONDON 257A FM MODULATION DEVIATION 

METER, 20 MHz thru 1000 MHz .145.00 

B & K MODEL 1075 TELEVISION ANALYST, a flying 

spot scanner, ideal for slow scan .135.00 

TEKTRONIX 525 TELEVISION WAVE FORM MONITOR 
OSCILLOSCOPE. Used to monitor video wave formsl65.00 
BIRD IM-89/UR SWR INDICATOR, 200-400 MHz, 0-50 

Watts 1 to 6 swr UHF version of the model 43 .65.00 

FR-4/U FREQUENCY METER, replaced by Military 
BC-221, range 100 kHz thru 20 MHz, has built-in scope and 
audio oscillator heterodyne unit that generates 100 mV 
output at 50 Ohms .001 accuracy, with calibration 

book .65.00 

TS-230E RADAR TEST SET, measures power and fre¬ 
quency range 8500-9700 MHz.39.50 

TS-505/U VTVM, 0-250 Vac, 0-100 Vdc, 0-100 M resis¬ 
tance, ac frequency response 30 Hz to 500 MHz, high input 
impedance, portable ruggedized construction, complete 

with probe.45.00 

HP-185B OSCILLOSCOPE with 187B dual trace amplifier, 
dc to 1000 MHz 10 mV — 200 mV/cm, timebase 10 
NSEL-10 PSEC +X2, X5, X10, X20, X50, XI00 magnifier, 

sweep rate 40 PSEC.350.00 

HP-410B VTVM, ac 0-300 V, dc 0-1000 V Ohms 0.2 to 500 

milliohm, freq 20 Hz to 700 MHz.85.00 

TEKTRONIX 181 TIME MARK GENERATOR .... 95.00 

HP-614A SIGNAL GENERATOR, 900-2100 MHz, metered 
modulation and calibrated output.195.00 

MEASUREMENTS 82 SIGNAL GENERATOR, freq. range 
20 Hz to 200 kHz in 4 ranges and 80 kHz to 50 MHz in 7 
ranges, output 0 to 50 Volts mod 0-50%, ideal for VLF/HF 
work . 225.00 

SG-103/URM-25F SIGNAL GENERATOR, 10 kHz thru 50 
MHz in 8 bands, calibrated output, crystal calibrator, 
modulation 400, 1000 Hz 0-80%. 275.00 










































LAMPKIN PPM CRYSTAL CALIBRATOR, goes with 

Lampkin 105B.45.00 

TS-730/URM SUMMATION BRIDGE AND POWER 
METER, range 20 MHz to 10,000 MHz with bolometer 
mounts, 5 mW to 5 Watts .29.50 

BOONTON 190A Q METER, rf range 20 to 260 
MHz.195.00 

TS-148/UPM-33 SPECTRUM ANALYZER, range 8470 to 

9630 MHz, sweep 10-30 Hz.49.50 

TS510A military version of HP608D, range 10 MHz to 420 
MHz in 5 bands, calibrated output, crystal calibrator, 

modulation 400 and 1000 Hz .475.00 

HP-202A LOW FREQUENCY FUNCTION GENERATOR, 

range 0.008 to 1,200 Hz in 5 decade ranges.95.00 

TS-497/URR SIGNAL GENERATOR, 6 ranges 2 to 400 
MHz, miltary version of the measurements model 80, 0.1 to 

100,000 mV .225.00 

SG-299D/U SQUARE WAVE GENERATOR, a wide range 
1 Hz to 1 MHz continuous coverage, use with any 
oscilloscope to determine frequency response and phase 
shift characteristics of video and audio amplifiers, military 
version of the HP211A .45.00 

ME-71/FCC AUDIO GENERATOR, a test instrument 
which generates sine wave signals over a frequency range of 
50 CPS to 500 kHz used for service or development work 
such as signal tracing, waveform analysis, distortion 
measurement and acoustical test in audio, supersonic or low 
VLF ranges .60.00 

HP-218 DIGITAL DELAY GENERATOR with 219B dual 
pulse unit, has variable gate generator for work with digital 
computers and counters, a time interval generator for 
calibrating time bases, delay lines and precision sweep 
delays .175.00 

HP-330B DISTORTION ANALYZER, 20 Hz - 20 kHz, 
built-in VTVM with full scale sensitivities of .03 - 300 
Volts in 9 ranges, 10 Hz-100 Hz VTVM response, distortion 
levels of as low as .1% can be measured with accuracy of 
3%.125.00 

HP-540A TRANSFER OSCILLATOR, 10 MHz to 12.4 
GHz range of freq. measurement, use with any frequency 
counter covering 100-200 MHz.95.00 

HP-561 B DIGITAL RECORDER, has a printing speed of 
five, 11 digit lines per second, uses standard roll paper and 
standard typewriter ribbon .125.00 

RA-84 AC POWER SUPPLY for BC-779, BC-794, BC- 
1004 .21.5U 

HP-525A plug-in 10-100 MHz for 524, FR-38, northeastern 
frequency counters .65.00 


WAYNE KERR MODEL B-221 R.C.L. BRIDGE, .1% 

accuracy, a fine lab instrument.125.00 

HP-650 OSCILLATOR, 10 Hz to 10 MHz, output 15 mV 

or 3 V into 600 Ohms.65.00 

OS-8/U OSCILLSCOPE, portable in carrying case 3 RPI 
tube, general purpose dc-2 MHz.65.00 

AN/UPA-39 CODER-DECODER, used with UPM-6 for 

aircraft transponder testing.45.00 

CARTER ROTARY CONVERTER, 28 Vdc-16 Amp input 
with 115 V/60 Hz output at 2.3 Amps, portable hand 
carry, ideal for campers, field trips, boats, emergency ac 
power, aircraft, forklifts — has many uses.18.50 

JENNINGS UCS 10-300 MMFD VACUUM VARIABLE 
CAPACITOR, 7.5 kV with gear drive train and mounting 
bracket, popular for linear building.29.50 

FLUKE 825AR dc differential voltmeter, 0-500 V, null 
ranges 10,1,.1,.01,.001 V, accuracy .02% .85.00 

BC-709C INTERPHONE AMPLIFIER uses standard flash¬ 
light batteries for two communication, ideal for car to 

trailer, plane, boat or camper.4.50 

TELETYPEWRITER TEST SET TS-2/TG, a distortion test 
set, transmits four test signals R, Y, space or standard test 
message, a needed item for all RTTY operations .... 24.50 
MITE TGC-14 KSR TELETYPEWRITER SET, 60/75/100 

wpm in portable carrying case 115 V/60 Hz .350.00 

PP-1075/G POWER SUPPLY, 115 V/60 Hz .28.50 

GENERAL ELECTRIC MODEL 4TE26AIB SOLID STATE 
TV CAMERA, with 75mm lens, perfect for slow 

scan.165.00 

MOTOROLA BASE CONSOLETTE UHF TRANSCEIVER, 
117 V/60 Hz, Model L-44BBB-300A, type CC1004 on 

443.8/448.8.185.00 

CV-89/URA-8 RTTY AUDIO TYPE CONVERTER, a 
popular unit with built-in scope, works with any tele¬ 
typewriter .125.00 

RT-174/PRC-8 BACK PACK TUNABLE FM TRANS¬ 
CEIVER, 20 MHz thru 28 MHz, 1 Watt output with battery 
case, microphone, less battery, takes 1.5 V, 67-1/2, 135 

Vdc.24.50 

EIMAC SK-510 TUBE SOCKET-3-1000Z, 4-1000A 12.00 
EIMAC SK-410 TUBE SOCKET for 3-400Z, 3-500Z 12.00 

EIMAC SK-400 TUBE SOCKET for 4-400A.9.00 

EIMAC HR-6 HEAT DISSIPATING PLATE CAP 4-65A, 

4-125A, 4-400A, etc.2.40 

EIMAC HR-8 HEAT DISSIPATING PLATE CAP3-1000Z, 
4-1000A .3.00 


ALL EQUIPMENT EXCELLENT CONDITION, FOB OTTO, NC. SATISFACTION GUARANTEED 
OR MONEY REFUNDED. IMMEDIATE SHIPMENT WRITE OR PHONE: 

BILL SLEP (704) 524-7519. 

Slep 

Electronics 

-Co- P.0. BOX 100, HWY. 441, DEPT. 73, OTTO, NORTH CAROLINA 28763 — 
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EDITORIAL BY WAYNE GREEN 


One of the greatest joys of ham¬ 
ming is gening on the air with some¬ 
thing new ... a rig, an antenna, a new 
mode. Unfortunately, one of the more 
frustrating aspects of hamming is 
trying to find out what to buy. 



fault of the entrepreneurs who run 
these companies that they can’t afford 
high-powered advertising agencies to 
write and produce their ads . .. 
marketing and research consultants to 
determine the sales potential of 
products and to see that they are 
made and delivered on a schedule ... 
professional writers to prepare spec 
sheets and ad brochures ... etc. 

Few men have had the experience it 
takes to be familiar with all of the 
aspects of managing a manufacturing 
firm ... they may be good engineers 
... or good salesmen (has there ever 
been one person good at both?)... or 
they may know marketing . .. yet. 


which takes years to learn. They also 
have to know accounting, production, 
corporate financing and management, 
stocks and bonds, how to let con¬ 
tracts, priming, packaging, shipping, 
etc. Just the business of getting 
familiar with shipping routines is a job 
in itself, with hundreds of trucking 


from the viewpoint of the manu¬ 
facturer than from the prospective 
buyer ... you? Is it any wonder that 
getting information about a new 
product is sometimes an almost 
impossible exercise? The ads S3y little; 


Add to that the problem of getting 
delivery. Maybe you decide that you 

to find a dealer ad for h and there 
Isn't any. Or perhaps you do find one, 
call the dealer, and find that he thinks 
he will get a unit for you in six weeks 


me that this should be 
rtink that the industry 
veil to better feedback 
rs. I may be biting off 
in chew ! I do that every 


have to worry about being ripped off 
by an advertiser? 

Send your comments to: 
FEEDBACK 
73 Magazine 

Peterborough NH 03458. 

One other thing .. . please don't 
write and ask which firms are not 
permitted to advertise in 73 ... our 
lawyers insist there is no way to pass 
along this information without 
opening ourselves to possible legal 
harassment. Sorry about that. 


so they are easily available. 

If the ads do not tell you what you 
want to know, write Feedback. Ads 
should be written from your view¬ 
point, not the manufacturer's,.. they 
should explain what the benefits are 
to you in using the gear, what it costs, 
and where to get it. 

If you send for Reader's Service 
land I've been meaning to speak to 
you about that ... you have nor been 
sending in your reader's service 
coupons and I know who you are, you 
slacker) and info is slow in coming or 
insufficient, write Feedback. That 
holds for RS for any hamrag. by the 
way, not just 73, 

If you have trouble with any dealer, 

you are being absolutely honest with 
me ... if you are screwing around 
with a dealer and are trying to pull a 
fast one, don't bting me into the 
hassle. Be sure you are honest about 

self because you pulled a stupid stunt 
and don't warn to admit it. I pull 'em 
too and it is painful to face up to such 
things. The motto on my wall is 
comforting .. . "Intelligence is No 
Impediment to Stupidity." 

If you get spec sheets or brochures 
which leave you cold, write Feedback. 


The anarchy on the CB bands 
promoted by the FCCs giving up on 
any serious effort to contain the 
action there seems to be spreading. .. 
to the ham bands. Not that we haven't 
been sort of expecting this. 

The use of Yaesu ham rigs for CB 
sideband is proving a serious tempta- 


of New York recently and go! 
stomped by local hams who got the 
FCC into the act and squashed the CB 
expansion effort. We need a lot more 


who are having problems with CB 
expansion . . . and what they have 
done about it. I have a feeling that it 

get busy and come up with some good 
direction finding gear so we can form 
posses and find these chaps quickly. It 










bicentennial QSL cards were delivered 
in person to AAlKPSand AC1PVF at 
0727 EST January 1, 1976. The con 

Peterborough NH to the stations in 
Somerville and Concord, Mass. The 
cards were delivered in Concord NH. 
Chuck, Sandy and I were on a field 

trip to check out some HTs under 

working conditions. Chuck, who runs 
Tufts Radio (New England's largest 
ham distributor), makes it a point to 
know how good the gear is that he is 


years ... starting with their record 
albums, way before they got into TV. 
They were great, as usual. I under¬ 
stand that Dick is an amateur, by the 

Other than the few manufacturers' 
exhibits, little seemed to be doing 
with the hamfest. The biggest attrac¬ 
tions were the microcomputers . .. 
one by Hal using the Motorola 6800 
chip had a first rate game of 21 set up 
... most appropriate for Vegas. It 
afforded an opportunity to gamble 


which can’t be removed. If they want 
my suitcase they'll have to take along 

SAROC is a nice expense account 
vacation for the ham industry. 

ITU PREPARATIONS 
Past amateur preparations for Inter¬ 
national Telecommunications Union 
conferences have been less than 
minimal, despite S100.000 being set 
aside for just that use. We went into 
the last big frequency conference in 


160*200 kHz 
1715-2000 kHi 
35004000 kHi 
7000 7500 kHi 
1010010600 k 
1400014500 k 
18100 18600 k 
2100021500 k 
2400024500 k 
2800029700 k 
5054 MHz 
144-148 MHz 
220225 MHz 



Looking West 
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may be of! 


LOOKING WEST VISITS AN 
OPEN AUTOPATCH AND 
VICE VERSA 


carrier squelch. By contra 
ADH and AJP operate ui 
premise that voluntary user i 
tion must support their c 
operations. While I have neve 


aforementioned moral obligation does 
indeed exist. The responsibility for 
defraying costs rests on the shoulders 
of all that partake. I would much 
prefer to see open autopatch repeaters 



Tracking the HAMBURGLAR 


PILLAGED: Unimetrrx Ultra Comm. 

STOLEN: RF Communications, Inc SHANGHAIED: TR-22-C S/N 121124 FILCHED: Kenwood TS 520 S/N S/N D90325, eight sets xtals. T.T. pad 

2m FM rig. Model RF-403. Four on 9/3/75. Jack Moorhouse W8IHQ. 231023; Icom IC-22 S/N 10718; two separate phone jacks, mike had a 

channels. Crystalled for 16.76, .94, KW107 supermatch tools, books, etc. piece broken on top. Ross Fox 

148.01, 143.99. Noticeable "carbon ROBBED: Clegg 27/B S/N 27014 Taken from my car in Toronto W8P2X. 



ael Mockler, 121 S. Oxford 

E. Los Angeles CA 90004. MISAPPROPRIATED: 
388-6584. 24-00355. Don Tacy WA 


RUSTLED: Unimetrix Ultra Comm 
no further info. Donn Nottage 
W8JGP. 
















































LOOTED: Heath HW-202, series 
01324. Setup for 34/94, 31/91, 
22/82, 16/76, 28/88, 38/98. Stolen 
January 1, 1976. Also taken: a first 
aid kit for volunteer rescue squad. 
Info to Blacksburg Police Dept. 
Blacksburg VA 24060, telephone 
(703) SS2-2311. Douglas Hall 

WA4UNS/P4 

ROBBED: Drake TR-22C. S/N 
850265. Taken in San Diego. Reward 
offered. David M. Anderson 
WA6KHH/6, PO Box 1097, Lemoore 
CA 93245. 

KIDNAPPED: Robyn GT VII 8 
5001 005801. Stolen September 21. 
1975. Mark Jacobson, 2133 River- 
wood. Okemos Ml 48864. 

SHANGHAIED: Courier Traveller II, 
S/N 12Y21737. Taken from my car in 
Tamaqua PA on 10/22/75. R. A. 
Hutton, Box 197, Schnecksville PA 


MADE OFF WITH: 1C 230 S/N 240 
1926, Heathkit HWA-202-6 coiinear, 
and Data Tone 2 touch tone encoder 
that was stolen from my car in Tampa 
FL on October 31, 1975. Report filed 
with Hillsborough County Sheriff 
Dept. Bud Holman WA4ASJ, PO Box 
698, Vero Beach FL 32960. 


SWIPED; Lafayette HA-146 nine sets 
xtals. no mike, 115.70 installed in 

WB8WBD. 

MISAPPROPRIATED: KDK 
144 10SX S/N 5446. Taken from my 
car in the Chicago area on 10-25-75. 
Nick Kalafice W0OZ2, 117 West Glen- 
crest Drive, Mankato MN 56001. 
507-387-2279. 


SNATCHED: Drake TR-22 six chan 
nel S/N 610017 I.D. perm. G.E. name¬ 
plate attached, has CRA repeater xtals 
plus 46 simplex and also 66/06. Roger 
Jotlis WB8HUP. 

TAKEN: Drake TR-22-C, S/N 
810233, broken antenna, trimline 
T.T. Pad attached all CRA Xtals plus. 
Steve Coulson WB8QOG. 


RIFLED: Drake TR-22-C, S/N 
851327, large ac plug red power cord, 
matching net, included for synthesizer 
in unit. Dr. Ed Casey W8DWJ. 


RUSTLED: Heathkit HW202 serie 
00316 stolen from Newport Shopping 
Center. Warren Peterson WB4VRJ. 


SWIPED: Regency HR-2-B S/N 
49/03875, also HR-2-A amp. S/N 
11502346. Bill Mell WB4KQB. 

BURGLED: One E. F. Johnson Msgr 
III "CB" transceiver, converted for 
use on business band, containing 
crystals for 27.41 and 27.43 mcs. 
(also some CB channels), S/N 
143C08D69008. Also has my name 

Dalton, 247-56-8723" engraved inside 
radio. Taken from my car in Green¬ 
ville SC 12-13-75. Harold Dalton 
WN4JQR/KWD593, Rte. 5-Box 83A, 
Pickens SC 29671. 

LIFTED: Standard 826 MA, S/N 
208185 was stolen from my car 
October 31 while it was parked in the 
parking lot of Dow Radio in Pasadena, 
California. Contact Gary Jaegers 
WB6WDV, 870 E. Alameda St., 
Altadena, California or the Pasadena, 
California police department. 

















be my guest 

visiting views from around the world 


Chalk It Up As A Lesson 


heard in the neighborhood where MU 
(WB6ZHD) and I found ourselves. W 
were there to supposedly "help" 
newcomer on WR6ACS get his new r 

given his call as KL84368 or sort 
such, it isn't too difficult to figure 01 
why we placed ourselves in this neigl 
borhood late one afternoon. We had 


This story has an unfortunate 
ending for some unlucky ham some¬ 
where that has had his IC230 ripped 
off. Of course, the metalized sticker 

containing the serial number was 
merely peeled off. Why doesn't s 

manufacturers to engrave s 


tant, why don't all hams engrave their 

signifying their state on every easily 
saleable item in their home???? 
According to several police depart¬ 
ments, the driver's license is much 


r heard of the c 


•d-to-replace part? But m 


I personally removed both covers of 
this IC-230 looking for some kind of 
ID. There was none. The policeman 

not!11 If it is originally stolen 


thief, he certainly of sale w 
transports it out of the area before he to the fil 
sells it, SO there was nothing we or the me, the 
police could do in this episode except dogging g 
congratulate the owner on making a have a t 
good buy (at $150.00) and advising evidence, 
him of the illegality of operating 


s. Then, if it is stolen 


course Even i 


the price of an 
ing tool is a hell of a lot less 
rtsurance, and quite often more 
> get your equipment back. 


machine, typewriter, etc. 

The lucky new owner of that 
IC-230 is a legitimate CBer, and 
thought he was buying a CB rig. Now 
I do NOT want to hear descriptions of 

all of the stolen IC-230s across the 

country. Just chalk it up as a lesson to 
engrave your driver's license and state 


t has gone legally through 
mers, if each passed on a bill 


Let’s Grow Up 


Reprinted from The Canadian 


be able to tarry on successfully with¬ 
out the need for such official interven¬ 
tion, Surely our amateur fraternity 
has now reached the age of self-deter 
mination and no longer needs to be 
told what or what not to do. Why 
should the DOC have to expend many 
man-years of work (and thousands of 
dollars) in an attempt to solve an 
unresolvable problem? They never will 
be able to satisfy everyone. We can do 
the job just as well (or maybe better) 


there will be sub bands for SS8, 
LSB, RTTY, television, etc 


and operate phone on any or 


i of 1 


rtificates) and 


to the 
» often 
d subject for these 
rtany years, as well as having been 
ivolved. from the official side, in 
rying to find an acceptable solution 
o the multitudinous "demands" of 



























































Thanks. 

Charles B. Anzman WB2PVH/WR2AIL 


In response to the recent letti 
submitted by Scott Lieblir 
WA30XG of Pittsburg PA, thank yo 
Scott for your letter regarding CBer 






































































































































WHEATi 


Editor: 

Robert Baker WAISCX 
34 White Pine Drive 
Littleton MA 01460 


SAN JOSE 

BICENTENNIAL AWARD 
The Santa Clara County Amateur 
Radio Association (SCCARAI is offer¬ 
ing a special Bicentennial Award to 
celebrate the bicentennial of San Jose 
CA. The award is earned by working a 
number of SCCARA members, and 
stations located in San Jose, Santa 
Clara County, or the Pacific Division 
for a total of 200 points. The points 
are based on the location of the 
station requesting the award, A mini¬ 
mum number of SCCARA members 
must be included. Also, one contact 
with either of the club stations W6UW 
or W6UU may be counted for special 
point value. Contacts may be made on 
any mode, on any band, but each 
station can be counted only once 
regardless of bands or modes used. No 
credit will be allowed for contacts 
made via repeaters, except that 
OSCAR contacts will be counted. An 
endorsement for all phone or all CW 
contacts will be available if requested 

(and log data verifies). Contacts to be 

counted must be made between July 

1, 1976 and December 31, 1977. To 

request the award, send log data (call 
of station worked, date, time, mode 

and handle of operator) along with 

$1.00 US or 5 IRCs (latest type only!) 
to the Club Secretary, SCCARA, PO 
Box 6, San Jose CA 95103. 

The following table indicates QSO 

SCCARA members that must be 
included (only one contact with 
W6UU or W6UW is allowed, not 


This award is sponsored by the City of 

Radio Club and is offered free of 
charge. To receive the award, work 

City of Brandon, Manitoba, Canada if 
you live outside of Canada. Those 
living inside Canada must work five 
stations in the City of Brandon. All 
contacts must be made after January 
1, 1967, Send log data only to: Mr. 
Doug Bowles VE4QZ, 1104 First 
Street, Brandon, Manitoba, Canada 
R7A 2Y4. 


The following two awards are spon¬ 
sored by the Nortown Amateur Radio 
Club. VE3NAR. PO Box 356. 
Adelaide Street Postal Station. 
Toronto, Ontario. Canada. A sworn 
affidavit certified by a President or 
Vice President of a legitimate Amateur 
Radio organization may be submitted 
in lieu of QSL cards. 


WAVE AWARD 
WORKED ALL VE AWARD 
Contact two different stations on two 
different bands in each of the follow¬ 
ing 8 sections: Prince Edward Island 
or Nova Scotia or New Brunswick 
(VE1), Quebec (VE2), Ontario (VE3I. 

Manitoba (VE4), Saskatchewan 

IVE5), Alberta (VE6), British 
Columbia (VE7). and Northwest 
Territories (VE8). All contacts must 


of 150 miles of one point and after 
January 1, 1939. Submit the 16 OSL 
cards (or sworn affidavit) with $1.00 
or 10 IRCs. All cards will be returned. 
Return postage must accompany all 
submissiqps. 


WACAN AWARD 
WORKED ALL CANADA AWARD 
Contact two different stations on two 

ing 12 sections: Prince Edward Island 


W/in SC 
Cnty 

Min # SCCARA 
members 10 

Pts/SCCARA 

member QSO 5 

Pts for Club 
Stat QSO 

(only 1) 10 

Pts for other SC 
County Contacts 
(not SCCARA 
members) 1 


W/in 6th Dist. W/out 6th 

(Not SC Cnty) Dist. 

5 2 


10 25 


20 50 


Brunswick (VE1), Quebec (VE2), 
Ontario (VE3), Manitoba (VE4), 
Saskatchewan (VE5), Alberta (VE6), 
British Columbia (VE7), Yukon or 
Northwest Territories (VE8), 
Labrador (V02), and Newfoundland 
(VOI). All contacts must be made 
from an area within a radius of 150 
miles of one point and after January 
1, 1939. VO contacts must be made 
after March 31, 1949. Submit the 24 
OSL cards with S2.00 or 20 IRCs and 
return postage for QSLs. All cards will 

WACAN can be automatically applied 
towards the WAVE award - please 
indicate if desired. For holders of the 
WAVE Award, submit the QSL cards 

QSLs! with S1.00 or 10 IRCs and 
return postage. 


CW are counted as separate 


EXCHANGE: 

RSCn and QTH; QTH = « 
Florida stations, ™ state, prr 

country for others. 
SCORING: 

QSO. Multiplier is sum of s 
max), provinces (12 max), 

plier is 73. Florida mot 

power and running 200 Wat 
multiply total score by 2. Ot 
stations score 2 points 

Florida portable or mobil 

worked and one point for e 


c 


ALE 




Mar 27 28* 
Mar 27 28* 
Mar 27 29* 
Apr 17 18 
Apr 3 4 
Apr 3 - 4 
Apr 10-11 
Apr 10-11 
Apr 24 - 25 
Apr 24 - 25 
Apr 24 - 25 
May 1 - 2 
May 1-2 
May 8 -10 
May 8 - 10 
May 8 - 9 
May 15 
May 22 
June 4 - 7 
June 12 -13 



July 24 25 
Aug 14-15 
Sept 4 - 5 
Sept 11 -12 
Oct 8 -10 
Oct 16-18 
Oct 30 - 31 
Nov 5-8 
Nov 6 - 8 
Nov 13-14 
Nov 14 
Nov 20 -22 
Nov 27 - 28 
Dec 4 - 5 
Dec 11 -12 
Dec 31 


Tennessee QSO Party 
CO Worldwide WPX Contest - SSB 
BARTG Spring RTTY Contest 
Florida QSO Party 
Open CD Party - CW 
SP DX Contest - CW 
Open CD Party - Phone 
County Hunters SSB Contest 
PACC 

Delta QSO Party 
BARC Contest - Phone 
Massachusetts Bicentennial QSO Party 
Helvetia 22 Contest (H22) 

Georgia QSO Party 
Vermont QSO Party 
BARC Contest - CW 

World Telecommunication Day Contest - Phoi 

World Telecommunication Day Contest - CW 

IARS/CHC/FHC/HTH QSO Party 

ARRL VHF QSO Party 

QRP - Summer - Contest 

ARRL Straight Key Night 

ARRL Bicentennial Celebration 

European DX Contest - CW 

ARRL VHF QSO Party 

European DX Contest — Phone 

CD Party - Phone 

CD Party - CW 

CQ Worldwide DX Contest - Phone 
IARS/CHC/FHC/HTH QSO Party 
ARRL Sweepstakes - CW 
European DX Contest - RTTY 
OK DX Contest 
ARRL Sweepstakes - Phone 
CQ Worldwide DX Contest - CW 
ARRL 160 Meter Contest 
ARRL 10 Meter Contest 
ARRL Straight Key Night 


(not SC County) 










































»0. Box 320, Warsaw, 


station. Multiplier is number of 
(max 671, Final score is total QSO 

FREQUENCIES: P 

CW - 1807, 3570, 7070, 14070, 

21070, 28070. 

Phone - 1817, 3970. 7270, 14317. 
21370, 28570. 

ENTRIES: 

A summary sheet is requested showing 
the scoring and other pertinent infor¬ 
mation. Also, your name and address 
in BLOCK LETTERS, and a signed 
declaration that all rules and regula 
tions have been observed. Include a 

of Florida Skip. Mailing deadline is 
April 30th but late DX entries will be 
accepted within reason. Send all 
entries to: Florida Skip Contest Com¬ 
mittee, P.O. Box 501, Miami Springs 
FL 33166. 

AWARDS: 

Certificates will be awarded to the top 

province and DX country as well as 

each Florida county for both phone 
and CW. There are also 5 plaques to 
be awarded for: High single operator 
in Florida and out-of-state both phone 
and CW (4 plaques), and to the 

Florida club with the highest aggre- 

At the discretion of the contest 


dupes, errors in multiplier lists, un¬ 


readable logs, obvious cheating, etc. 
Anyone disqualified in this year's 
Florida QSO Party will be barred from 
the contest next year. 


SPOX CONTEST - CW 
Starts: 1500 GMT 
Saturday, April 3 
Ends: 2400 GMT 
Sunday, April 4 

Work as many SP stations during 
the contest period as possible on all 

bands 3.6 to 28 MHz. The three 

categories are: single operator, single 


only; and SWL. The same station may 
be worked on each band for QSO 
points but a powiat may be counted 

must be on CW only. 

EXCHANGE: 

RST plus a 3 figure QSO number 
starting with 001 for foreign stations. 
Polish stations will send RST and their 
powiat letters. 

SCORING: 

Each QSO with an SP station counts 3 

rimes the total number of different 
powiats worked regardless of bands. 
AWARDS: 

Certificates to the top scorers in each 
category, in each continent and each 
country and call area of Australia, 
Canada, USA and USSR. 

ENTRIES: 

Use a separate log sheet for each band 
and include a summary sheet with all 
the scoring information. The usual 
signed declaration is also requested. 

Entries should be postmarked no later 
than April 30th to PZK Contest Com- 



SIX METER GROUND WAVE 
CONTEST 
Starts: 0300 GMT 
Sunday. April 4 
Ends: 0700 GMT 
Sunday. April 4 

The contest is sponsored by the 
Society For The Preservation and 
Encouragement of Six Meters and 
Global Research. It is open to all 
amateurs, worldwide — on all modes: 
SSB, CW, FM. AM, SSTV. RTTY, and 

FAX. Any six meter contact is valid. 

Skip stations do count in the event 

the band is open, but they only count 

station is located. 

SCORING: 

For scoring purposes, there are four 
zones defined by the distance between 
your QTH and the station contacted. 
Zone definitions and QSO points for 
contacts with each zone are as 
follows: Zone 1. Stations within 25 
miles of your QTH - 1 point/QSO; 
Zone 2, Stations 25 to 50 miles from 
your QTH - 2 points/QSO; Zone 3, 
Stations 50 to 75 miles from your 
QTH - 3 points/QSO; Zone 4, 
Stations over 75 miles from your QTH 
- 4 points/QSO. 

LOGS: 

Show your name, call, address, ARRL 
section, and input power. Mobiles and 

portables must show actual locations. 

For each station worked, show: call, 
ARRL section, zone (as defined 

your total score, sign the log. and 
submit to: Phil Caruso K9DTB, c/o 
Global Research, Contest Chairman. 
PO Box 271, Lombard IL 60148. 
Logs must be postmarked by May 3, 

1976 for scoring on May 31, 1976. 

Incomplete logs will not be eligible for 
awards. 

AWARDS: 

from SPESM. The first place total 

scone in each category will receive a 

prize. Prize categories are as follows: 

Mobile - any mode or power; 
Portable — any mode or power; High 
power - 100 Watts or more; Medium 
power - 51 Watts to 99 Watts; Low 
power - 50 Watts or less. 

Any questions concerning rules can 
be answered by K9DTB (Phil) at 
312 279 4658 or through SPESM. All 
prizes are donated by Global 
Research. 

NOVICE QSO PARTY 
Starts: 0000 GMT 
Saturday, April 10 
Ends: 0600 GMT 
Sunday. April 11 

The fifth annual Novice QSO Party 
is sponsored by the International 
Novice Amateur Radio Assoc. Any 
class amateurs work only Novices and 

work each station only once regardless 

of bands. Please use "CQ NP" for 
contest call and use the lower 10 kHz 
of each Novice band. The following 
are considered as Novices: EL#Nx, 
H C - Nxx, HI*Nxx, KG4Nxx, 

KZ5xxN. LB-xx, OA=Nxx, OL#xxx. 


VU2xxx, WH6xxx, WL7xxx, 
WN#xxx and WP4xxx (or bicen¬ 
tennial equiv,). 

EXCHANGE: 

RST and name. 

SCORING: 

Novices multiply total number of 
QSOs by total number of different 
prefixes worked (Klxxx & WAlxxx 
are different prefixes, etc.). Non- 
Novices multiply total number of con¬ 
tacts by the number of different 
Novice prefixes worked (WN4, WN8, 
OA3N, OA2N, etc.). 

ENTRIES: 

later than May 1st to: Andi Anderson 


WB5MYV. Route 1 Box 193, 
Heavener OK 74937. Include an SASE 
for results. 

COUNTY HUNTERS SSB CONTEST 
Starts: 0001 GMT 
Saturday, April 10 
Ends: 2400 GMT 
Sunday, April 11 

The fifth annual County Hunters 
SSB Contest is sponsored by the 
Mobile Amateur Radio Awards Club, 
Inc. (MARAC). Basically, the rules are 

worked each time they change 

Continued on page 32 







































Yfes, You Can 
Build This 2m Receiver! 


phenomenon, you don’t know how good it 
is on two meters, you'd better build yourself 
this receiver. If you’re like most hams and 
already have a handle on two meters, build 
this unit and you can have a good back up 
receiver, monitor your calling repeater (no 
matter which one you're working), or spend 


a few extra dollars to add a transmitter for a 
dandy economical little FM rig. 

For somewhere in the 35 dollar range you 
can receive two meter signals in the fraction 
of a microvolt range, run off a handful of 
batteries, the house current, or the auto 
battery, and know what's happening on two. 















make il work. You get the best choice as far 
as the combination of the 1C cost and 


external components. add the circuit. It is a lot easier for the poor there are those who feel a receiver without 

Fig. 1 shows the block diagram of the amateur to liberate ten dollars here and squelch is unthinkable. It is a little noisy up 

receiver. The receiver is a simple, single there than to spend 50-60 bucks a whack. there on two, so the squelch is a good one. It 

conversion unit with no frills. As mentioned Fig. 1 shows that the incoming signals are will operate external buzzers, relays and 
before, you can add the frills later. For converted to a 10.7 MHz i-f. The front end is lights, as well as switching the audio. You 

instance, there is no fancy ten-pole crystal FET and the i-f amp is an 1C. The quadrature can operate a buzzer with a telephone 

Filter in the i-f, but there is enough room on detector is also an 1C. The 1C audio amplifier handsel operation to impress the boys in the 

the circuit board to add it for those who is protected so you can disconnect it with carpool, or to soothe the XYL who can't 
need it. After all, why should those of us the audio going full blast. This allows you to stand to hear the squelch breaking. You have 

who have only one or two repeaters in the use a variety of speakers, headphones, etc., a Watt or two of audio which will work fine 

area, on widely separated frequencies at without worrying whether gross impedance for all but the noisiest sports cars. The entire 

that, pay for that added selectivity? If the mismatches will ruin the receiver. The receiver draws about 100 mA. That amount 

action gets too hot up there later, we can squelch is treated as an option, although won’t run your nicads down for a few hours, 



Fig, 2. Schematic diagram (continued on next page). Optional channel selector is shown. Ql: GE FET 2, F0021, MPF102, 
3N128*. Q2: 40673, 3N140*. Q3: 2N2222. Ql-X: 2N2222*. LI: 7T #18 3/S"d 5/8"l, tapped 1Tand 2T from cold end. L2: 
5T #18 3/8”d 7/16"l C. T. L3: ST #18 ’A" cerform, tapped VAT from cold end. *See text. 




and you II never notice the new addition to 
the electric bill. 

A look at the schematic, Fig. 2, shows 
that the oscillator and triplet circuit are one 


and the same. This circuit uses crystals 
which triple in the same way the Regency 
folks do in the HR-2 (or so I’m told). That 
means you can order your crystals from the 


inexpensive units that advertise in 73 all the 
time offering their crystals for particular 
units, to that unit's specs. To find the crystal 
frequency, subtract 10.7 from the repeater 
or other desired frequency in MHz, then 
divide by three. For a 146.94 unit, the 
frequency is 136.26 and the crystal fre¬ 
quency is 45.42 MHz. I have had a lot of 
success with Jan Crystals units selling for 
$4.00 each; just order for the series mode. 

The dual gate mixer and JFET front end 
provide good overload immunity and help 
guard against cross-modulation effects. If 
you find the agc-less receiver suffering from 
overload in your application, just add the rf 
gain control shown in Fig. 5. 

The i-f stage uses the familiar 703 op 
amp. Although I have read reports of people 
having bad luck with the op amps, I find 
them extremely stable when treated right. 
Just keep the leads short and bypass close to 
the case. You won’t have any trouble at all. 

The limiter, detector, and audio preamp 
stages are part of an 1C that is unique in that 
its original application was in the 4.5 MHz 
audio i-f of TVs. If that scares you, you arc 
welcome to the popular CA3089 1C. The 
3089 has built-in squelch, but the cost is 
nearly 4 dollars as compared to less than 75g 
for the CA3065 used here. The squelch circuit 
can be added for around a buck and a half oi 
less and is far more versatile than the squelch 
in the CA3089. The CA3065 uses few 
external components in this application and 
will do the job well. Ignore the spec sheet 








want to do a lot of experimenting. The 
values given work nicely. 

The audio output stage uses the LM380 
1C. The 380 puts out better than a Watt with 
a 12 volt supply and will be adequate for 
most applications. The best features of the 
1C are its very low cost ($1.60) and the few 
external components it requires. The gain is 
fixed at a maximum limit like the 703 op 
amp and this gives it a lot of stability as long 
as good layout is used. 

Construction 

You can use just about any layout you 
want. If you use my layout, you will likely 
have belter results right away since mine is 
proven. You certainly should try your own 
if you have something in mind as the 
simplicity of this receiver makes it a can¬ 
didate for miniaturization. If you do try 
another layout just try to keep inputs and 
outputs that are at or near the same fre¬ 
quency separated, shielded, or both. Note, in 
the PC diagram, how the ground bus is used 
to provide shielding between stages. The i-f 
system in this unit has very high gain; the 
CA3065 was designed to be the sole i-f 
amplifier in a TV system, so the addition of 
the 703 op amp can bring the system gain as 
high as 90 dB. That is pretty hard to keep 
stable without keeping the inputs and 
outputs well apart. 

Fig. 5. Installing a I Ok rl gain control in Q I Just look at Fig. 3. This was the pro- 
emitter when overload is a problem. When totype circuit board while the develop- 
using the unit as a fixed station, it may be a mental work was being done. If that worked, 
trimpot "set and forget" control. Adjust for just about anything you dream up should 
maximum gainjminimum cross modulation, suffice. Fig. 4 is a photo of the final layout. 


I0K 


The receiver is shown as a prototype layout 
and there is room for the squelch circuit 
(layout not shown), crystal switching, even 
for a transmitter. You'll be reading about 
the add ons to this receiver later; in fact, you 
may even have something unique in mind for 
your own. If you use the same cabinet I did, 
there will be plenty of room for adding a 
power supply and the speaker mounts easily 
in the unit. 

Substitutions 

Any good ham is interested in using junk 
box parts in building anything, but some¬ 
times the junk box is not full of the values 
the schematic calls for. For starters, you can 
save some money by getting the three 
MOSFET pack from your local Radio Shack 
for less than SI.50. Use two in the receiver 
and add one to the junk box. The gates 
aren't protected, but I have more static in 
my carpet than rf in my transmitter, and 
using just reasonable caution and discharging 
myself before handling them, I have not 
burned out a single gate. The 3N128 single 
gate makes a good front end. The 3N140 
makes a dandy mixer. You can substitute 
paper coil forms for the ceramic forms. 
Better choices are the resinile forms, those 
brittle plastic looking things you've seen 
around. You probably noticed that the 
crystal switching circuit is strange. If you 
want to leave out the QS stages and just use 
the switch, just remember to use a layout 
like mine that puls the oscillator near the 
front of the case, so the switch leads will be 
shorter. Just ground the lug of the crystal 
tuning capacitor rather than connect it to 
the collector of QS. The QS stages are not 
given in the PC layout. 

In the i-f stages, you may steal the i-f 
transformers from a transistor radio (1) if it 
had FM and (2) if you can identify the 10.7 
MHz transformers from the 455 kHz trans¬ 
formers in the case of an AM/FM. Use the 
mixer transformer from the radio as the 
mixer transformer in the receiver and use the 
radio's i-f T2 as i-f T2 in the receiver. For 
saving another quarter, use the bipolar tran¬ 
sistor (if it’s NPN) from the radio for the 
local oscillator. Be sure to use either the 
front end or the oscillator/mixer transistor 
as Q3. Oh yes, while you're cannibalizing, 
you may as well use the radio's volume 
control and/or tone control for the volume 
and squelch controls. Check the values to 
insure they are 50k or lower. 

The true parts substitution nut will love 
this last one. Don't even use coil forms or 
trimmer capacitors. The heavy coil windings 
can be wound so that a ferrite core from a 
coil form (the threaded interior type) will fit 
inside along with a little tape or plastic sheet 
to insulate the thing. The slug will move in 
and out of the coil when you turn it since 
the pitch of the windings acts like threads in 
the coil form. You no longer need trimmer 
capacitors because the coil is slug-tuned. 
Naturally, since the inductance increases you 
will need to find a value for the fixed 
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ranting circuit Q because the FETs don’t 
care, and the Q in the oscillator circuit is not 
that critical to proper operation. You will 
>till have to use a form for the quad detector 
toil since it is a relatively high-inductance 

Optional Circuits a 

While you may not consider some of the 
optional circuits optional, they really aren't 
basic to the functioning of the receiver and 
can be added later if you don’t wish to do so 
now. Fig. 7 shows the squelch circuit. The 
optional crystal switching is part of the main 
schematic, Fig. 2. The crystal filter circuit is 
shown in Fig. 8, and the PTI2194F Piezo 
Technology Comlinc filter should do the 
trick. You can find a slew of preamplifier 
circuits if you feel the need to add one to 
the front end. And diode protection, back to 
back I N914s across the input rf amp gate, is 
recommended when using the receiver with a 
companion transmitter. This protection may 
not be necessary, but can't hurt since it will 
cost only a quarter more and might save the 
front end from damage from the nearby rf. 

Tuneup 

Accomplishing tuneup is easy. First align 
the i f, then the rf stages. With an input from 
a signal generator or grid dipper align the 
quad detector for minimum noise output. 


Keep switching the rf on and off so you 
make sure you have noise without signal, no 
noise with; that way you don't accidentally 
detune the thing way off frequency thinking 
you're right on. Next peak the i-fs for 
minimum noise. Tune up the front end by 
giving it a signal on two meters, a gdm is 
fine, and again tune the front end for 
maximum quieting. Tweak the oscillator for 
maximum quieting. Then accomplish final 
tuneup with weak signals on the band when 
possible. For a sensitivity check without 2 
meter signals use the gdm. You should be 
able to quiet the receiver from as far away 
from a 19 inch whip or piece of wire as you 
can your communications receiver. If you 
have a two meter FM receiver already, you 


can use its sensitivity as a reference. If all is 
well with your wiring you can stir up some 
action on the band. 

You should enjoy this receiver. The satis¬ 
faction of knowing you built it yourself, as 
well as knowing how much money you saved 
over available commercial units should make 
it a fun experience. The money you save 
building this unit and a companion trans¬ 
mitter could buy the XYL a nice gift. And 
then maybe she'll even start encouraging this 
nutty hobby of yours. Of course, you can 
also use the left over money to buy yourself 
another piece of ham gear, or since you’ve 
got it sitting around, perhaps you’d consider 
using it to make up the difference in this 
week’s and last week’s grocery bills. ■ 
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A Reprogrammable ID 



by 

Robert Glaser WA3MSW 
3922 Algiers Road 
Randallstown MD 21133 


T here are a large number of repeaters on 
the air these days, and most have CW 
identifiers. The CW operator who takes a 
sojourn into the repeater bands is inundated 
with repeater callsigns. After a day or two 
on the same repeaters, listening to the dull 
but prevalent "DE WR3ABQ” type of 
repeater identification becomes rather 
boring. Being an avid CW operator as well as 
repeater user, I decided that a more 
interesting type of repeater identifier could 
easily be built. It was decided that the 
identifier should: 

1. Be easily reprogrammable (with¬ 
out opening the case). 

2. Have capacity for long messages. 

3. Retain its memory during power 
failures. 

4. Service two repeaters. 

5. Be relatively inexpensive (under 
$40). 

The identifier was to be used at a site where 
two repeaters are located with the same 
callsign (150 and 450) — hence the fourth 
point. 

An identifier was designed and con¬ 
structed which satisfied the above require¬ 
ments. It is programmed from switches on 
the front panel, has a 1024 bit non-volatile 
memory, identifies two repeaters, and costs 
about $30 to $40 to build (with new parts). 


Fig. 1. Block diagram. 











Other Identifiers 

The distinguishing feature of identifiers is 
the memory. Identifiers may be classified 
according to the type of memory they use. 
There are basically two kinds of electronic 
identifiers in use today. The first and older 
of the two uses a diode matrix for memory. 
The identifier is programmed by soldering 
diodes in a matrix. The disadvantages of this 
system are that large memory units become 
cumbersome, and that reprogramming 
entails opening the unit and physically 
moving diodes around. 

The other type of identifier uses read 
only memory (ROM). These are fairly new 
devices and can store more in less space than 
a diode matrix. Typically, fusible link ROMs 
are used because these are the most inexpen¬ 
sive. The fusible link ROM is programmed 
by selectively melting fusible links inside the 
integrated circuit chip. Naturally once a link 
is melted there is no way to put it back. 
Generally a ROM of this type can be 
programmed only once. However, to change 
the identification in this type of identifier it 
is only necessary to reprogram another ROM 
chip and replace the old ROM with the new 

The latter type of identifier is more easily 
changed than the former, but still lacks 
versatility in that a different chip must be 
purchased every time it is desired to change 
the identification. This would become 
impractical if the memory were to be 
changed every few weeks. 

There are alternatives to the fusible link 
ROM. There are available programmable, 
erasable ROMs. These can be erased by 
exposure to ultraviolet light. However, a 
specialized and complex programmer unit is 
needed in order to program them. These 
chips are presently in the $20 price class. 

There is another type of memory which, 
in the past, has not been used in identifier 
circuits. This is random access memory, or 
RAM. This type of memory is electrically 
programmable. Moreover, the 2102 static 
RAM has 1024 bits of storage and sells for 
about five dollars. There is one disadvantage 
to using this kind of memory — it is volatile, 
which means that when the power is turned 
off the contents of the memory are lost. 
Both the diode matrix and ROM are non¬ 
volatile. A power fail battery can make the 
RAM immune to short line power failures. 
The reprogrammable identifier uses such a 

Theory of Operation 

Fig. 1 is a block diagram of the identifier. 
The oscillator generates a sidetone with two 
variable level outputs for the repeaters. The 
memory unit keys the oscillator, and an 
address counter drives the memory. The 
identifier has two modes of operation: 
program and run. The run mode is normal 
operation, and the program mode allows the 
memory to be programmed. In the program 


mode, the address counter is incremented by 
a push-button on the front panel, and ones 
and zeros can be written into the memory 
through the front panel. In the run mode, 
the address counter is driven by a free 
running clock. The clock determines the CW 
speed and is controlled by a potentiometer 
on the front panel. 

A duration timer controls the address 
counter. When it is low (normally), it 
inhibits the address counter from being 
toggled by the clock, and holds the counter 
at address zero. When it is time for an 
identification, the duration timer goes high 
and allows the address counter to count. The 
timer then falls low (indicating that the 
identification is over) and resets the address 
counter. It is the duration timer which 
determines whether the identifier is iden¬ 
tifying or not. 


The duration timer is controlled by a 
three minute timer. This timer docs two 
things: If the repeaters have not been used 
for three minutes, upon key-up the timer 
will send a pulse to the duration timer to 
initiate an identification. Additionally, if the 
repeater remains on the air, the timer pulses 
the duration timer every three minutes. 

The three minute timer is controlled by 
two identical sense and latch circuits. The 
sense and latch circuits go to the push-to- 
talk lines of the two repeaters. If cither of 
the push-to-talk lines is grounded, the three 
minute timer is activated. If the duration 
timer is high when a push-to-talk line is low, 
the latch on the respective sense and latch 
circuit is set, which grounds that push-to- 
talk line to keep the repeater on the air. 
When the duration timer goes low the latch 
is reset, letting the repeater drop. 





A power supply feeds the electronics, but 
when power is lost, the memory is switched 
to internal batteries. 

The schematic of the identifier is shown 
in Fig. 2. The memory consists of a 2102 
RAM. The 2102 is an nMOS integrated 
circuit and has TTL compatible inputs and 
output. The chip has ten address lines 
necessary to access 1024 bits. When a 
particular address is selected, whatever is 
present at the Dj n terminal is stored in that 
location when the read/write (R/W) line goes 
low. When the R/W is high, whatever was 
previously stored will be present at the D out 
terminal when that address is again selected. 

The oscillator utilizes an 88 mH toroid 
coil with two secondary windings. The audio 
outputs of the identifier are low impedance. 
With the component values specified, the 
tone is 1 kHz. 

The address counter consists of three 
7493 four-bit binary counter chips. The 
reset lines are tied together and go to the 
complement of the duration timer. 

The clock is a 555 square wave generator. 
Another 555 is used as a monostable multi¬ 
vibrator for the duration timer. When the 
input is pulsed, the output is a pulse of 
predetermined width (5 to 60 seconds). 

A unijunction transistor is used as the 
three minute timer in conjunction with Q3 
and part of U3. 

The latches are RS flip flops. The reset 
lines go to the duration timer’s output, so 
the latch outputs are held low until the 
duration timer goes high, whereupon the set 
line may go low if the push-to-talk line is 
low. When the latches are set, Q1 or Q2 is 
turned on and holds up the respective 


repeater. When the duration timer goes low, 
the latches are reset again. 

The step control goes to an RS flip flop 
used as a debouncer, which toggles the 
address counter. Bit zero of the address is 
monitored on the front panel by an LED. 

The power supply uses a full wave 
rectifier to an LM309K regulator chip. Three 
“D” cells in series provide emergency power 
for the 2102. 

Construction 

All of the parts used in the identifier are 
readily available. All of the integrated 
circuits used are sold by James Electronics. 
All transistors except Q4 are general purpose 
NPN silicon and can be bought in bargain 
packs. The transistors used for Q1 and Q2 
should be rated for whatever current the 
push-to-talk line of the repeaters requires. 
Q4 is a unijunction and is sold at Radio 
Shack as #276-111. The diodes are all 
general purpose silicon and can be bought 
from bargain packs, with the exception of 
CR1 and CR2, which should be germanium 
and capable of passing 70 mA. The oscillator 
coil is a centertapped 88 mH toroid coil and 
can be obtained from M. Weinschenker. Two 
windings of about 25 to 50 turns should be 
added to the toroid for the outputs. The 
power transformer is Radio Shack 
#273-1384. The components used in the 
timing circuits (particularly the capacitors) 
should be high quality units. 

The prototype was built on a patchboard 
type of printed circuit board using Molex 
sockets and jumper wires. Point to point 
wiring using integrated circuit sockets on 
vectorboard should work fine. Particular 


care should be taken to make ground and 
Vcc lines out of heavy bus wire, with 
extensive bypassing with .1 uF capacitors. 
The logic is not being used very fast, but the 
chips will respond to pulses of several 
nanoseconds in length, necessitating good rf 
construction practices. The unit was built 
into a Radio Shack plastic box with 
aluminum cover, but it would be better 
practice to use an all metal enclosure to keep 

Adjustments and Programming 

Programming the identifier is a simple 
matter. The address counter counts up from 
zero at a constant rate. A zero in a location 
produces no lone and a one produces a tone. 
As the counter counts from zero up, a tone 
will be generated whenever a one is 
encountered. Since the identifier rests at 
location zero, a zero must be programmed in 
that spot, or the repeater will have a 
constant tone on it. A dit should be one 
location long, and a dah three. A single zero 
should follow dits and dahs within a 
character, and three zeros should follow 
each character. Characters at ends of words 
should have seven zeros after them. Table 1 
shows the desired encoding for a typical 
repeater call. As can be seen, “DE 
WR3AFM” requires only 83 bits out of the 
1023 available, so much longer identifica¬ 
tions will fit into the memory. 

To program the memory with the desired 
code, apply power and wait for the LED to 
stop flashing. Backing off the ID time 
control will stop it. When the light remains 
on, the address counter will be at location 
zero. Flip the mode switch into the program 
mode. To write into the memory, the write 
button must be depressed with the Data In 
button down for a zero, and up for a one. A 
zero should be written in location zero. Push 
the step button, and the LED should go out, 
indicating that the counter is now at loca¬ 
tion 1. Program a one, and proceed on in 
this manner until location 83 is 
programmed. It should be noted that there is 
no way to go back a count, so if a mistake is 
made the procedure should be started over. 
A number of zeros should always be placed 
after the message to give leeway to the 
duration timer. Put the mode switch back to 
run and push the ID button. Set the speed 
control for the desired speed, and then 
adjust the ID time control so that the 
counter resets about five seconds after the 
ID is done. If a mistake is noticed, hit the ID 
button again, but place the mode switch into 
program just before the location where the 
mistake is located. This makes it unnecessary 
to step through the entire ID when a mistake 
is near the end. The counter remains where 
it was before it is placed into the program 
mode. After programming a message, tie a 
push-to-talk line low, and measure the time 
between identifications. Adjust the 1 
megohm trimpot for the desired time — 
nominally three minutes. 











After wiring, the only problem 
encountered was one of the Vcc lines being 
too small and poorly organized. After 
remedying this problem, the identifier had 
no other problems. After the unit was in 
operation about a month the speed began to 
slowly vary. Replacement of the com¬ 
ponents in the clock circuit fixed this 
problem. The identifier is located in the 
bottom of a 450 MHz repeater cabinet, next 
to a 150 MHz repealer, in a building with 
dozens of 150 MHz and 450 MHz repeaters. 
There has been no problem with rf getting 
into the identifier, even though it is con¬ 
structed in a plastic case. The identifier has 
been installed for several months and has 
been working continuously on the Baltimore 
Amateur Radio Club's 146.07/146.67 and 
444.35/449.35 repeaters. The batteries have 
not been replaced, and they have been 
successful in retaining the memory when 
power failures have occurred. It generally 
takes between five and fifteen minutes to 
program the identifier. BARC repeater users 
have been listening to the CW as it spouts 
notices and comments. If nothing else, this 
type of identifier makes users cognizant of 
the fact that the tones actually say some¬ 
thing, and are not something to be con¬ 
stantly ignored, as is the case with too many 
repeaters across the country. » 

CR1, CR2 — germanium diodes, 70 mA 

Q1, 02. Q3, 05, Q6 - general purpose NPN silicon 

(2N3904) 

Q4 - unifunction (Radio Shack #276-111 ) 

R2- 1M potentiometer 

51 - DPDT toggle switch 

52 - momentary push-button SPDT 

S3, S4, SB - momentary push-button SPST 
S6 - SPST mounted on R1 

T1 - 88 mH centertapped toroid coil with two 50 
turn windings added 

T2 - 6.3 volt power transformer (Radio Shack 
#273-1384) 

U1. U2, U3, U6 - 7400 quad NAND gate 
U4. U5 - NE555 timer 
U7, U8, U9 - 7493 four bit binary counter 
U10 - 2102 Ik static RAM memory 
U11 LM309K voltage regulator 
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counties plus Canadian stations 
worked. Take credit for a countv onlv 

does not count again even if worked 
again on a different band, but a 
Canadian station counts each time it is 
worked. The final score is then the 
total number of QSO points times the 
total multiplier. 

LOGS: 

Logs should include the date and 
time, the station worked, the report 
exchanged, county, state, band, 
claimed points (1, 5 or 101, and each 


over 100,000 points. Summary and 
log sheets are available free for a #10 
SASE or SAE and appropriate IRCs 
from: James L. Willingham K0ARS, 
Route 1, Bevier MO 63532. All entries 
should be received by K0ARS by June 
1, 1976 to be eligible for awards. DX 
entries should use air mail. 

AWARDS' 

Plaques will be awarded to the highest 
scoring fixed US or Canadian station, 
DX station, and first and second 
highest scoring mobile stations. 
Certificates will be given to the top 10 


: - logs, claimed score and 
results) must be sent to: 
WA0TKK, 6406 Wilson 
IA 50013 no later than 


TWO METER ALL MODES 
CONTEST 

Contest Period: 0300 to 
0700 GMT Sunday. April 18 
This contest is sponsored by the York 
Radio Club and Global Research and 
is open to all radio amateurs, world- 

except for the use of repeaters other 
than OSCAR. Use all modes: SSB. 
CW, AM, FM, SSTV, RTTY, or FAX. 
EXCHANGE: 

RSIT) and state. 

SCORING: 

Score one point for each completed 

per mode will be given for every mode 
worked with a minimum of 5 contacts 
per mode. Example: A station work- 


RESULTS OF 1975 YL-ANNIVERSARY PARTY 
COMBINED SCORE (phone and CW): 

CALL POINTS 

K6DLL 5356.25 Cordoran Award 

YV5CKR 4839 Hager World DX Award 

WA1NXR 3796 

PHONE SCORE: 

CALL POINTS 

K6KCI 5696 Gold Cup 

W2GLB 5049 Certificate 

K6DLL 5232.5 Certificate 

FG7XL 4746 
























































W. J. Hosking W7JSW 
8626 E. Clarendon 
Scottsdale AZ 85251 


A Carrier Operated Relay 
(COR) 

for Your Receiver 


Fig. I. Schematic of the COR. Q1 could just as well be an MPFI02 or any other N 
channel jFET. Q2 should be a 200 mA, 30 volt transistor. RYI is a 26 volt telephone 
type relay. The LED is nothing more than an indicator / hung on as an afterthought. 


* 12 V 
? 



Fig. 2. Connection fora TA14IA type receiver is shown. 



I have a Motorola T44 which I have built 
power supplies for, mounted in a rack 
and now use as a base station. I now want to 
use that equipment as a 450 MH* repeater 
but, of course, the receiver has no COR. I 
could have bought a squelch relay kit made 
for the radio but, besides adding more tubes 
to the radio, it would cost money. 

I retreated to my junk box and came out 
with a few )FETs, some NPN 300 mA 
transistors and a telephone type relay. The 
book of schematics I have for Motorola gear 
says the squelch relay is connected to the 
cathode of the noise rectifier on the 450 
radios. A measurement there with a VTVM 
showed a voltage that rested at +2 V dc 
squelched and swung to about -12 V dc 
with a carrier present. This seemed com¬ 
patible with my FETs so I pul together the 
circuit in Fig. 1. 

The cathode voltage is brought out across 
a 5 meg pot. The circuit starts loading and 
affecting squelch action when a value much 
below 2 meg is used. The JFET gate is taken 
off the arm of the pot. When the receiver is 
squelched, the slight positive voltage causes 
the FET to conduct, which in turn holds Q2 
off. When a carrier is received, the gate 
swings negative turning Q1 off and Q2 on, 
thus closing relay RYI. By the way, the 
relay I have is marked 26 volts but I find it 
works fine at 12 volts and only draws about 
40 mA. 

Conclusion 

This circuit is perfect for all of you who like 
to correct, improve, or add to magazine 
circuits. There arc hundreds of ways this 
could be improved or modified but I wanted 
it simple, cheap and workable and this fits 
those needs admirably. 

For those of you with T44s, I include 
Fig. 2 which shows where to hook up the 
COR. ■ 





by 

Ian Burn VE60B 
16016 78th Avenue 
Edmonton, Alberta 
Canada T5R 3E4 


A $5 100 Watt Amplifier 


O ver the past few months there have 
been two antenna-building workshops 
sponsored by the Northern Alberta Radio 
Club in Edmonton. At each workshop 15 
two meter beams were constructed. The 
spacing and element lengths are fairly 
standard, but the construction methods 
might be unique. The original intent was to 
construct a small beam that could be easily 
disassembled for portable use; however, a 
number of fellows required a simple base 
station antenna, so materials and methods 
were chosen to suit both needs. The follow¬ 
ing outlines the materials and methods used. 

Materials 

The boom is constructed from 1/2” Type 


M (very thin wall) copper tubing, at least 48 
inches long. A piece 6” to 8" longer would 
be required for ideal mounting methods, to 
be discussed later. 

The elements are made of 1/8” diameter 
brass rod. This is relatively expensive, about 
15tf per foot, but the amounts required are 
not excessive. The element lengths are 40”, 
38", 36" and 35-1/2”. 

The gamma match is made of a 4-3/4” 
length of 1/16” diameter brass brazing rod 
(or copper), a 10 or 12 mmfd disk ceramic 
capacitor (12 preferred), a removable 
shorting clamp of your design, and a small 
stainless steel worm gear hose clamp. 

RG58 coaxial cable is recommended if 
the antenna is for portable use. 


Construction 

The boom is prepared by drilling 1/8” 
diameter holes on 16” centers. This can be 
accomplished by careful use of a drill press 
or by a hand drill. Since most workshops do 
not have a drill press, the second method is 
described. 

First, draw or scribe a circle around the 
tubing at each of the four element positions, 
i.e., on 16” centers as shown in Fig. 1. A 
tubing cutter, used with care, will do a good 
job. Alternatively, wrap a sheet of paper 
carefully around the tubing so that it doesn't 
spiral and the edge will form an accurate 
guide for your pencil. 

Once all four lines have been drawn, lay a 
straight edge on the top of the tubing and 
using a center punch, mark the 4 hole 
locations. These 4 holes can now be drilled 
but DO NOT DRILL THROUGH BOTH 
SIDES OF THE PIPE. 

Again, with reasonable care, mark the 
holes on the bottom side of the tubing using 
a straight edge. Drill 4 holes. With a 
minimum amount of luck these holes will 
line up with the first set! 

The elements should be cut to the lengths 
shown in Fig. 2, and a small piece of wire 
wrapped around and soldered to each 
element as shown. This is required to keep 
them from falling through. For permanent 
installation the elements may be soldered to 
the boom. (I have used the "gravity system" 
on my base station antenna for the past year 
with good results.) A spot of solder on the 
top of each element ensures that they are 
put in the right way up. Note that the wire 
ring is not in the middle of the elements. 
When disassembled, the elements are stored 
inside the boom. Two small corks will ensure 
their staying put! 

The gamma match is very simple as can 
be seen in Fig. 3. The measurements should 
be followed fairly closely. The shorting 
clamp can be made in any number of ways. 
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clamping bolt in the middle. It is important 
to have something that can be easily 
loosened if the antenna is to be readily 
dismantled. 

The hose clamp, which connects the 
shield of the coaxial cable to the boom, 
should be as close to the driven element as 
possible. Ideally, the cable should be dressed 
along the boom past the reflector and then 
down the support mast. A number of fellows 
have dropped the cable between the driven 
element and the first director and they 
report good results. Figs. 4(a) and 4(b) show 
the two methods with 4(a) being the pre- 

For base station operation I have fastened 
the boom directly to the boom of my 


The cost of materials should be slightly 
less than $5.00. If a group can get together 
and make 15 antennas with 48" booms 
(15-3/4” element spacing), this will prove to 
be the most economical since both copper 
tubing and brass rod come in 12 foot 
lengths. Brass brazing rod comes in 36" 
lengths and could be spliced up to the 40" 
and 38". 

Test Results 

At a recent two meter antenna-testing 
workshop, this beam provided a 10 dB gain 
over a reference dipole. There is no doubt in 
the 10 dB value, but there may be some 
doubt in the efficiency of the reference 
dipole used. In any case, the antenna works 
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Geoffry W. Kufchak WA1UFE 
15 Fourth Avenue 
WestoverAFB, MA 01022 


Build A 220 MHz Repeater 


O ne must first have a radio to build a 
repeater. I chose to use my Midland 
220 rig. This radio is ideally suited to 
repeater construction as it is in three 
separate sections: the exciter, receiver and 
power amplifier. I separated the sections and 
then each was installed in its own aluminum 
chassis, except for the power amplifier, 
which was mounted on the rear panel of the 
main chassis. The chassis I'm using to house 
everything is a Bud AC-415, which is 17" 
wide, 10" deep and 2” high. The small 
chassis that the receiver and exciter arc 
mounted in are 7" wide, 5" deep, and 2" 
high. 

Some minor changes were necessary to 
separate the receiver from the rest of the 
radio as the receive crystal and trimmers are 
on the exciter board. This was solved by 
etching a small PC board and mounting the 
parts on it and locating it with the receiver. 
The channel selector switch can be 
eliminated along with all the parts on the 
exciter board that were for the receiver. The 
power amplifier heat sink can be removed 
(carefully) and discarded, as the rear panel 


of the main chassis makes a much better 
heat sink. Throw away the pilot lamps as 
they are current hungry, drawing over 100 
mA. Without them the receiver draws about 
90 mA squelched. 

The power amplifier is probably the 
trickiest section to work with. No problems 
were encountered mounting it; however, it 
does require a little bit of tweaking to get 
power out of it when it's mounted. Some 
stretching of coils and repcaking of 
capacitors took care of that problem. Expect 
about 15 Watts or more when using a 12 volt 
auto battery, and up to 20 Watts with a well 
regulated 14 volt power supply. 

At the present time I'm using what will 
eventually become an operating repeater as a 
duplex rig, on the West Hartford 220 
repeater featured on the June 1975 cover of 
73. 

Referring to the photograph of the top 
view, the enclosure on the left is the exciter 
board, the one on the right is the receiver 
board and in the center rear is the power 
amplifier. 

The sensitivity of the receiver is quite 


good as it comes from the factory, being .5 
uV or better for 20 dB of quieting. Careful 
retuning will improve this only slightly, so a 
preamp seemed desirable. 

I realized that finding material on the 220 
MHz band is at the least difficult, and 
checking through a few publications con¬ 
firmed this fact. I definitely wanted a 
preamp, so I was forced to adapt existing 
designs for two meters. An excellent design 
that can be made to work on 220 is in the 
FM and Repeaters book that the ARRL 
publishes. The schematic and board layout 
arc on page 180. The coils are the only 
changes needed to make this preamp work 
quite well on 220. Change LI to 4 turns, No. 
18, 1/4" dia., 1/4” long. Do not change the 
tap location. L3 remains the same except for 
the diameter, which is 1 /4". 

Another change which can be done to the 
preamp is to reverse the foil pattern so that 
the parts may be mounted on the same side. 
Then two small pieces of double-sided PC 
board can be used to shield the input and 
output. See the 225% PC board. Tune the 
preamp as explained in the book. 

The transmitter is as about as good a 
circuit I've ever seen performance-wise. 
Midland is definitely being modest when 
they claim 10 Watts output. Before I even 
started on this project, the rig was putting 
out 18 Watts at 14 V dc input, checked on a 
Bird Thruline. An automatic swr shutdown 
circuit is also incorporated in this rig, but I 
have bypassed it by not running the rf 
output on the relay board. This was so 1 
could eliminate the eventual problems one 
encounters with relays by replacing it with a 
solid state keying circuit. I have already 
keyed the transmitter into an open line at 
high power and no damage to the finals 
occurred. This is probably due to the fact 
that Motorola power transistors arc used, a 
2N6081 being the final. 

Since I wanted this to be a really good 
sounding transmitter, I also modified the 
modulation stage to produce true frequency 
modulation, rather than the phase modula¬ 
tion employed in the rig. This is not as hard 
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Fred Simonds WA1SNI 
c/o 73 Magazine 


Carrier Indicator 

for Your Regency 

I n mobile and high-noise environments, it you have ever tried to key a repeater and Having noted (and envied) the carrier- 
can be difficult to distinguish between heard nothing, only to hear the squelch close indicator feature in loom equipment as well 
carrier-off and full quieting conditions. If up a moment later, you know what I mean, as in commercial gear, I decided to see what 


FROM DEMODULATOR 



Fig. 1. Regency HR-28 squelch circuit, with inverter and lamp driver. 




CIRCUIT 



-FIG.3 LOCATION 


could be done with my Regency unit. 
However, this circuit is equally applicable to 
other rigs with similar squelch circuitry. 

This modification requires no additional 
holes or otherwise permanent disfiguration 
which would reduce resale value. No etch 
cutting or board chopping is required. The 
unit may be restored to its original factory 
condition within a few minutes. The circuit 
works very well, and last but not least, it’s 
cheap and simple! 

The circuit is shown in Fig. 1. It is 
essentially nothing more than an inverter, 
Q1, and a lamp driver, Q2. A small amount 
of base bias is applied to Q1 to prevent low 
level noise spikes from turning the lamp on 
when no audio is heard in the speaker. Also, 
when Q1 is off and Q2 is on, the lamp lights 
fully — never at partial brilliance. This is 
because the biasing arrangement is such that 
the transistors bias themselves into satura¬ 
tion or cutoff with no in-between states. So 
even a noise spike that gets through to the 
speaker will illuminate the lamp momen¬ 
tarily. Vet the squelch control may be set at 
"critical squelch" and you will still have 
“crisp” lamp operation. 

The Regency squelch circuit is quite 
straightforward (see Fig. 1). Demodulator 
noise produced during the no-signal condi¬ 
tion is filtered and applied to a noise 
amplifier, Q102, through the squelch pot. 
The noise amplifier output is then ac 
coupled to dc amplifier, Q103, whose 
output is filtered and dc coupled to the base 
of transistor switch Q104. The switch simply 
grounds out or opens the input to the first 
audio stage, thus shunting noise to ground 
yet permitting audio to pass through to 
Q105. 

When noise is present, it is amplified by 
Q102 which turns Q103 on fairly hard. 
Residual ac ripple is removed by filter 
capacitor C127. This positive dc voltage, 
about three volts, turns on the switch, Q104. 
When ac noise disappears with signal, Q103 
is turned off, which in effect grounds the 
base of Q104, thereby turning it off and 
permitting audio to pass. 

Since one squelch switch is already in use, 
why not add another one for the lamp? With 
proper isolation (provided by R1), squelch 
operation should be unaffected. However, 
the squelch switch is normally turned on, so 
an inversion is provided by taking the 
collector output of Q1 to drive Q2. Thus, 
the lamp turns on only when carrier is 
present. As mentioned earlier, R2 provides a 
small amount of base bias which the squelch 
signal must overcome in order to turn the 
lamp on. In this way, short negative-going 
spikes which would not be heard in the 
speaker will not illuminate the lamp either. 
Lastly, Q1 is direct-coupled to the base of 
Q2, whose collector load is the lamp. 


Component Selection 

I had always wondered why designers 
select a particular transistor over another, 
equivalent transistor. In doing this project, I 
found out why. First, the devices have 
usually been used by the designer before, so 
he is familiar with their characteristics from 
experience. Second, they are available (in 
my case, junk box). Third, their general 
specifications (beta, collector current, power 
dissipation) are adequate for the task. For 
Q2, a low VcE(sat) was desirable, since I 
wanted the maximum voltage drop to be 
across the lamp, not the collector-emitter 
junction. R1 was chosen because it would 
provide both adequate isolation and base 
current for Q1. R2 was chosen experimen¬ 
tally from observing the lamp. R3 was 
chosen to minimize current through Q1 and 
to drive Q2 into cutoff or saturation. As for 
transistors, I simply used a good general- 
purpose device for Q1 and a high-current, 
good gain device for Q2. Flowever, almost 
any NPN transistors will work, although 
some may require slight value adjustments in 
order to work well. 

Installation 

Since my Regency is synthesized, I don’t 
need the channel window illumination. I 
removed the orange +12 volt lead from the 
lamp and installed a lampholder in the hole 
so conveniently provided by Regency. To 
this I connected the collector lead from Q2 
on one side and +12 volts on the other side. 

I ran the orange lead to the left rear corner 
of the radio, near the UHF connector (see 
Fig. 2). Here I mounted the transistors and 
resistors on a small piece of experimental 
circuit board. There are two unused holes 
here, so I used them to mount the standoffs 
and then the circuit board. You may need 
flat washers here, since the holes are rather 


(BOTTOM VIEW) 



large. Grounding is available at the rear 
apron terminal strip. 

The lead for the squelch switch is pro¬ 
vided by running a lead across the board to 
the foil side through a hole in the frame 
between the transmitter and the receiver 
circuit boards. Find the foil that joins R120, 
R123, and the positive side of Cl27 (see Fig. 
3). Solder the lead here. 

You may use the lamp originally provided 
for the backlight, but it turns on and off 
rather slowly, so I left it mounted in its clip 
in case I ever need to restore it to service. I 
used a Dialco cartridge lamp no. 39 rated at 
14 V and 80 mA. Mine has a clear lens. 
However, the 2N2219 will dissipate .8 W and 
carry 800 mA, so almost any lamp will 
work. You could even use it to drive a COR 
for repeater applications! ■ 
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Long Distance Call Eliminator 



by 

William J. Hosking W7JSW 
8626 E. Clarendon 
Scottsdale AZ 85251 


O ur autopaich in Phoenix is an open one 
and anyone with a tone pad on his 
radio can use it. The telephone switching 
center that our line works through was 
unable to provide us with a tone dialing line 
without direct long distance dial capability. 
While this has not been a serious problem, 
there have been many "malicious" long 
distance calls, such as to time/temperature in 
New York City. 

I wanted a simple method which would 



and modifications to the system than I 
wanted to make. As I was cogitating on the 
situation and also monitoring the patch, I 
heard a guy with a marginal signal and weak 
tones bring up the patch and then get a 
misdial because his first tone digit was not 
strong enough to make Ma Bell's equipment 
function; consequently the dial tone re¬ 
mained until his second tone came along. 
It took a while to sink in, but in time I 
realized that the dial tone and the first digit 
dialed exist simultaneously for a few milli¬ 
seconds. Therefore, if I decoded the dial 
tone with a half a second or so delay and 
also decoded a “1,” the combination could 
be used to hang up the patch phone anytime 
a “ 1 ” was dialed as the first digit of a phone 
number. The idea is shown in block diagram 
form in Fig. I, 

A quick check of my reference books 
showed that Ma Bell is pretty well stan¬ 
dardized on a dual lone composed of 350 
and 440 Hz for dial tones. Since both tones 
are well below the normal lone dialing 
frequencies, 1 decided to only decode one of 
the dial tone frequencies — 350 Hz. To 
decode the “1 ’’ 1 needed two more decoders, 
one for 1209 Hz and one for 697 Hz (see 
Fig. 2). 

Now, referring to Fig. 1 again, when the 
350 Hz dial lone and the 1209/697 “1" tone 
are present simultaneously, the output of 
the AND gate goes high thus operating either 
a transistor switch or a relay which in turn 
shuts down the patch. 

The actual circuit is shown in Fig. 3 and 
consists of only three 567 tone decoders, a 
7402 gate, and either a transistor or a relay. 
The decoders are connected normally for 





567s except for U3 which has added Installation and Operation it must contain both telephone and receiver 

capacity on the output filter. The added fj rst (| mean a f ter t (, e smo ke test), using audio. I use the audio output from the patch 

capacity causes the device to remain on fora a frequency counter connected to pin 5 of to the transmitter. Then I used a transistor 

few milliseconds after the dial tone has gone yf > set t h e frequency to 1209 Hz. In the to °P en the "off" reed relay in our system as 

away. Note that Cl on U3 sets this delay same manner connect the counter to U2 and shown in Fig. 4. Another method is shown 

and might have to be adjusted slightly to at jj usl the frequency to 697 Hz. Then in F 'g- 5 using a normally closed relay 

meet individual system needs. connect to U3 and adjust for 350 Hz. Now contact to open the main phone relay in a 

you are ready to install the device in your system. 

autopatch. As it is anytime when using 567s for 

Construction A sample of how I connected ours is decoding, they are very level sensitive. Be 

The unit can be built almost any way you shown in Fig. 4. The power source is a 309k very careful when setting input levels — 
want. I found that, with minor modification, five volt regulator connected across the 25 otherwise your patch might get falsed off. 

the circuit board for my Single Function volt dc relay line. By the way, when using This is the only application right now where 

Control Decoder (73 Magazine, March 1976) 309s don't neglect the recommended 0.22 I have 567s in service without an age 

works very nicely. The boards are available uF from input to ground - they sometimes amplifier preceding them and I may well yet 

from Contact, Inc., 35 VV. Fairmont, Tempe do strange things without that capacitor, add one. I hope this cuts down your phone 

AZ 85281. The audio input connection is important as bill — it did ours. ■ 



Fig. 4. Interconnection used in the WR7ABQ autopatch. Fig. 5. Alternate interconnection using a relay having normally dosed contacts. 
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Tom Gibson W3EAG 
RD 1 Evansburg Road 
Collegeville PA 19426 


Repeaters in Paradise 


V isitors from Capt. Cook 
(who discovered the 
islands) to James Michener 
have all agreed that paradise 
is that group of islands 
centered at approximately 20 
degrees north latitude and 
158 degrees west longitude. 
The Hawaiian Islands — now 
the State of Hawaii - cer¬ 
tainly qualify as paradise if 
such can exist on this earth. 
Now, the Emergency Ama¬ 
teur Radio Club of Hawaii 
has constructed a “heavenly" 
system of two meter 
repeaters to add to the other 
attractions of this famous, 
historic and beautiful place. 

I spent the last two weeks 
of June vacationing on the 
island of Oahu at Waikiki 
Beach, and having heard that 
two meter repeaters were 
available in the fiftieth state, 
I took my trusty TR-22 
along. Much to my surprise I 
was able to work from Kauai 
to Hawaii Island from Waikiki 
by accessing the Diamond 
Head repeater. 

The secret of the Hawaiian 
system is a series of 450 MHz 
links which interconnect the 
repeaters on Oahu, Maui and 
Hawaii islands. This means 
that a station accessing the 
major repeater on his particu¬ 
lar island is also able to access 
the major repeaters on the 
other two islands via 450 
links, simultaneously. The 
interconnection scheme is 
shown in Fig. 1. 

The Diamond Head 
repeater operates from the 
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Fig. 1. Repeater link interconnection. 


crater rim of that famous 
landmark on a frequency pair 
of 146.28/146.88 MHz. This 
is the major repeater for the 
island of Oahu and is linked 
to the other islands by the 
450 MHz links previously 
mentioned. There is also a 
local repeater operating at 
146.16/146.76 MHz at the 
University of Hawaii Manoa 
Campus but this may be dis¬ 
continued due to lack of 
activity. We could hope not 
as it is a very nice repeater 
and easily accessible from the 
Waikiki area. There is another 


local repeater on the western 
side of Oahu at Ewa which 
operates on 146.19/146.79 
MHz. This repeater is not 
easily accessed from Waikiki 
with a handie-talkie, but 
there are plans to move it to a 
much higher point in the 
Waianae mountains approxi¬ 
mately 4000 feet above sea 
level. This should improve 
access considerably. 

The major repeater on the 
island of Maui is located on 
an extinct volcano, Haleakala, 
at 10,000 feet above sea level. 
Haleakala means “house of 


the sun” and with that kind 
of elevation we won’t argue 
the point. The frequency pair 
for the Haleakala repeater is 
146.34/146.94 MHz. The 
location is so good that it 
provides an input for base 
stations on Kauai some 200 
miles away. 1 was able to 
access it with the handie- 
talkie from a twelfth floor 
balcony on Waikiki beach, a 
distance of a little more than 
a hundred miles. 

The “Big Island” of 
Hawaii is the site of a 
146.22/146.82 MHz repeater. 




This is located on Mauna Loa, 
an active volcano, at approxi¬ 
mately 8,000 feet MSL. This 
is the only two meter 
repeater operating from an 
active volcano (it has erupted 
since my visit), and probably 
holds a DX record for access 
as well having been worked 
from the west coast during a 
band opening — a distance of 
some 3000 miles. There is a 
local repeater at Hilo using 
146.16/146.76 MHz for oper- 

At present, there is no 
repeater on the island of 
Kauai, but plans are being 
made for a 146.04/146.64 
MHz machine there to link 
with the other islands, and a 
local repeater on 
146.13/146.73 MHz accord¬ 
ing to John KH6BFU at 
Hanamaulu, Kauai. 

It is interesting to note 
that the ancient and honor¬ 
able tradition of calling CQ is 
being preserved in Hawaii. 
Whereas mainland operators 
routinely say "monitoring 
76" or "listening 88” to indi¬ 
cate their availability for a 
call, you will still hear 
‘' K H 6 - - - calling CQ 
Diamond Head," etc. Some 
KH6 stations have switched 
to the mainland type opera¬ 
tion, but many still call CQ, 
so don’t be afraid to do like- 

In spite of the re-trans¬ 
mission necessary to achieve 
linking, the audio quality is 
good. During my stay there 
the operation was consistent 
and reliable. It was a real 
thrill to sit on Waikiki Beach 
and yak with a fellow ham at 
Kona about 175 miles away 
using a handie-talkie. And 
what a fantastic communica¬ 
tions resource in the event of 
an emergency! The fiftieth 
state should be proud of its 

We would like to credit 
KH6GBX, KH6GRQ, 
KH6FNB, KH6BFU and 
numerous others for informa¬ 
tion, consideration and abun¬ 
dance of the “aloha spirit” 
during our visit to Hawaii. ■ 



Shown above is the Hawaii Institute of Geophysics Building at the University of Hawaii Manoa 
Campus on the island of Oahu. KH6FOX operates the 7 6/76 repeater from this location as well 
as a variety of other ham gear. 
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William J. Hosking W7JSW 
8626 E. Clarendon 
Scottsdale AZ 85251 


Simple New 
TT Decoder 


I recently had need of a simple and 
compact single function control circuit. 
I wanted it to fit in most commercial or 
amateur transceivers and decode two 
numbers from a Ma Bell tone pad. The 567 
decoder fit the bill but I didn’t need the full 
seven tones. Three tones would give me the 
two numbers I wanted. 

Connection of the basic 567 tone 
decoders is right out of the Signetics Data 
Book. Three of the decoders are used to 
decode two Touchtone digits. The values 
shown in the schematic will allow each of 


the decoders to be tuned over the entire 
tone signaling range. With this range the 
decoder can be set to recognize any two 
numerals in a given row or column on the 
tone keyboard. In my particular case, I have 
one set to turn on with a and off with a 
and another set for "1” ON and 

OFF. 

Circuit 

The circuit is shown in Fig. 1. The audio 
input to the decoder should not exceed 
about 200 mV. R1, 2 and 3 in conjunction 



Fig. 7. The complete circuit for the function decoder. FI, F2 and F3 are the required tone frequencies for the desired control 
numbers. RY-1 on mine is an Electronics Applications Company IA5AH but any 5 volt SPST Reed relay will work. 

52 






An assembled prototype circuit board. The board is approximately 2'A" x 3", 


with Cl set the frequencies of their respec¬ 
tive 567 decoders. With the values shown the 
variable resistor will tune the 567s over a 
range from about 550 Hz to 1500 Hz. C2 is 
the loop low pass filter and controls the 
detection bandwidth. I used the 2.2 uF value 
specified in the application notes and found 
it works fine. C3 affects the turn-on time 
and jitter on the output switch. With the 
value given in the data book I experienced 
considerable leading edge bounce on the 567 
output. Increasing C2 to around 4 to 6 uF 
cut down the bounce without slowing down 
the turn-on too much. The output of U1 
goes to both decoding gates and this 1C sets 
the common row or column frequency for 
the two numbers desired. The outputs of U2 
and U3 go to U4A and U4B respectively. 
These 567s are tuned to the frequencies of 
the second tone required for each numeral. 
The outputs of U4A and U4B set and reset a 
latch made up of U4C and U4D. The output 
of U4D drives a 5 volt low current relay 
directly. 

Adjustment 

A frequency counter or accurately cali¬ 
brated scope is required to adjust the 
decoder. A chart of the tones is shown in 
Fig. 2. When the desired numerals have been 
selected from a single row or column (i.e., 1 
and *) then tune U1 to the common tone 
frequency (i.e., 1209 Hz). This is done by 
connecting the counter to pin 5 of U1 and 
adjusting R1 until the desired frequency is 
read. 


In the same manner adjust U2 and U3 to 
the second tone frequencies for the two 
numbers desired (i.e., U2 to 697 Hz and U3 
to 941 Hz). 

Now with a tone pad connected to the 
audio input and the level set to about 100 
mV the relay should turn on and off with 
the correct tones. With the example I gave, 
the relay should turn on with a “1” and off 
with a 


Hz 

697 

770 

852 

941 


1209 


1336 

2 


0 


Fig. 2. The standard tone frequencies for tone dial systems. 


Conclusion 

A photo of the completed decoder in its 
prototype stage is included. The circuit fits 
my requirements and also fits inside my 450 
base station. The board is approximately 
254” x 3”. A local group CONTACT, INC., 
35 W. Fairmont Dr., Tempe AZ 85281, has 
etched and drilled PC boards available for 
the decoder with latch and relay for $5.50. 
They also sell the decoder wired, tested and 
tuned to your desired numbers. I have 
several of these decoders in use in various 
places and find them quite useful. ■ 
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One 1C 
Tone Burster 


Fig. I. RI:I5 or 20 turn linear 10k trimmer (Amphenol 3805, etc.). *Cermet or 
wlrewound resistors. 



by 

Lhary Meyer WB6ZUA 
Box 379 

Fairfax CA 94930 


N ceding an 1800 Hz tone burst to 
access a local repealer, I turned to my 
faithful junk box. The most likely prospect 
was a 556 1C dual timer that I got as a free 
sample from a manufacturer (a great way to 
get 1 or 2 pieces of a part free, especially if 
you have a letterhead). 

The first half of the 1C is used as a 
monostable with an on time of about 400 
ms. The second half is a free running 
oscillator which is disabled via the low 
output of timer #1. The NPN transistor 
amplifies the negative going pulse from Cl 
to start the cycle when it discharges to 
ground. 

The only part that is not common is the 
15 or 20 turn trimmer pot. These run about 
$2.50 new from Allied and allow a smooth, 
stable frequency setting. They produce 
about a 30 Hz per turn tuning and have a 
low tempeo. 

The input voltage and the temperature 
have little effect on the frequency, but if 
your repeater has a narrow window the parts 
should be cermet or wirewound resistors and 
a polystyrene capacitor. The power for the 
circuit is not critical. I use a 9 V battery, but 
12 V is fine. The trigger input requires +12 
V. 

Mine is mounted in a small minibox with 
a male and female mike connector on 
opposite sides. I included a power switch 
and with only 11 mA drawn, the batteries 
last a long time. A switch and a few more 
pots would give various tones if you need 
them. ■ 




The Tuna-Two 
Traveler 



by 

Edward R. Spadoni W1RHN 
91 Tower Street 
Dedham MA 02026 


A rc you using your 2 mclcr FM mobile 
transceiver with battery or ac power 
supply at the home QTH? Want to move it 
temporarily away from its present location 
to the den, without having to reroute the 
outside antenna? You may want to try it in 
the living room or bedroom when you're ill 
or want to be super comfortable, or on the 
porch or patio on a nice Sunday afternoon. 
Operate from your motel room after a long 
drive, whether vacationing or on a business 
trip. The portable antenna to be described 
will also give you freedom to find a com¬ 
fortable spot to operate the rig and still 
allow you to locate the antenna for best 

Description 

The antenna described here has been used 
at all of the above-mentioned places, with 
surprising results. The design and construc¬ 
tion was due to the desire for a small, quick 
to assemble, easy to move around (i.c., 
looking for a hot spot in a room) type 
antenna, that can be remotely located from 
the rig, limited only by the transmission line 
used. The radiation resistance of a / k 
antenna is in the order of 20-30 Ohms under 





RG-58U (53 Ohms) matching section. The 
transmission line between the transceiver 
and the antenna can be any reasonable 
length of RG-59U (73 Ohms) TV type 
coaxial cable. 

Construction 

Obtain a tuna fish can or equivalent 
(approximately 7 ounces), wash well, 
remove label and drill holes (see Fig. 1). 
Because the metal is on the thin side, be 
careful of sharp edges and burrs. Use a 5/8 
inch (16 mm) Greenlee punch to make the 
mounting hole for the coaxial connector. 
Any telescoping section that will extend 
between 16 (40 cm) through 25 (63 cm) 
inches will work. The telescoping section 
that I used came from an old set of TV 
rabbit ears. A coupler is needed that 
becomes part of the telescoping section and 
is screwed onto the threaded stud of the 
insulated feedthrough. The coupler was 
made from 3/8 inch (9.5 mm) diameter 
aluminum rod. One end is drilled to accept 
the telescoping section. The other end is 
drilled and threaded to match the stud on 
the feedthrough insulator used (see Fig. 2). 

Assembly 

Most parts came from the junk box, 
others from the local radio-TV parts store 
(see Fig. 3 for assembly, and parts list). A 
replacement CB walkie-talkie antenna from 
the Radio Shack, catalog no. 21-1156, can 
be used for the telescoping section. Install 
the feedthrough insulator onto the can as 
shown, then the SO-239 coaxial connector 
with ground lug and associated hardware. 
The hardware used was 4-40 thread by 5/16 
inch (7.9 mm) long screws with lockwashers 
and hex nuts. Next, make the matching 
section from RG-58U cable (see Fig. 3). 
Shape into a coil that will fit inside the can 
and tape at several places (see photo). Now 
install inside the can and solder ends of cable 
to the lugs and coaxial connector. I found a 
plastic cover of the right size that will fit 
over the bottom of the can to prevent 
scratching of furniture, etc. It came with a 
can of peanuts, a well-known brand and 
found in most supermarkets. 


Final Comments 

The transceiver used with the antenna is 
an Icom IC-20 with approximately 10 Watts 
output. After attaching the antenna to the 
rig, I placed the antenna on the hutch in the 
den, extended the telescoping section to 
about 19 inches (48 cm) and fired up the rig. 
The IC-20 has a relative power output meter 
with a mark that lets you know if you’re in 
the ball park for a 50 Ohm match (this was 
checked using a known load). The meter 
indicated that there was a mismatch. By 
adjusting the length of the antenna, I was 
able to bring the meter within the proper 
range. I then tried the antenna on the 
window sill; this did cause the match to 
change, but again with a little adjustment 
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RG-58/U MATCHING SECTION 

Fig. 3. Assembly. Center conductor is soldered to feedthrough lug and coax connector 





and watching the meter, the mark was 
reached. I want to note that when the 
antenna was not operating at optimum 
setting, repeater and simplex contacts were 
being made with good results, indicating that 
it is not a critical adjustment. Most trans¬ 
ceivers today have their output transistor 
stage protected against antenna troubles that 
may develop (check owner’s manual). I 
connected a Heathkit VHF swr meter into 
the circuit with the antenna located on the 
window sill and found that from 146 
through 147.69 MHz the swr was less than 
1.5:1. With the antenna located on the sill I 
have been able to work through 5 repeaters 
in and around the Boston area including 
Derry, New Hampshire (WR1ABQ rpt.) 



located about 50 miles away. QSOs up to 25 
miles have been made via simplex. This 
antenna is a good evening or weekend 
project. Its low cost and ease of assembly 
will make it worth your while to use or have 
available if needed. ■ 



The ONLY QSL Bureau that will forward ALL 
of your cards. . . from anywhere to anywhere — 
Still $.06 for DX cards... $.10 intra-U.S.A. and 
Canada ... SASE brings details. 


DX'ERS SPECIAL — For QSLs to Foreign stations 
only. Send 20 or more cards at a time and include just 
five cents each / For 100 or more cards at a time the 
price is four cents each. 

Suggestion: Form a CARD POOL with your Buddy or 
Radio Club and split the extra savings. 

73s Orm Meyer K6QX 


• • • *111 FARM HILL WAY LOS GATOS, CALIFORNIA 95030 U.S.A.0 • • • 
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BUREAU 


We’re Fighting Inflation 
No Price Rise for 76 

FOR FREQUENCY STABILITY 


Depend on JAN Crystals. Our large stock of quartz 
crystal materials and components assures Fast 
Delivery from us! 
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CRYSTAL SPECIALS 


Frequency Standards 

100 KH Z (HC 13/U).$4.50 

1000 KH Z (HC 6/U). 4.50 

Almost all CB sets. TR or Rec .$2.50 

(CB Synthesizer Crystal on request) 

Amateur Band in FT-243 .ea. $1.50 

.4/$5.00 


80-Meter .$3.00 (160-meter not avail.) 


For 1st class mail, add 20* per crystal. For Airmail, 
add 25*. Send check or money order. No dealers, 
please. 


CRYSTALS 


ij Dlv. of Bob Whan & Son Electronics, Inc. 

2400 Crystal Dr., Ft. Mysrs, Fla. 33901 
>\ All Phonos: (SI3) 938-2397 
J Send 10 c tor new catalog 



300 and 500 MHZ PRESCALERS 
FREQUENCY STANDARDS 
MARKER and PEAKING GENERATORS 


POWER SUPPLIES AMPLIFIERS 
WRITE FOR FREE CATALOG 
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The Mighty 

TR-22/15 




by 

Walter W. Pinner WB4MYL 
7304 Lorenzo Lane 
Louisville KY 40228 


W arn lo add a little more power to 
your TR22??? Want to make this 
power package small enough to fit into the 
microphone pocket??? Want to make the 
circuit board with tin snips and glue??? 
YES? Read on .. . 

The little amplifier I'll describe is easily 
constructed, will deliver 15 Watts output 
with I Watt input and can be built for less 
than $10.00. 

The amp fits into the mike pocket of the 
TR22C nicely and incorporates a dc power 
plug for the radio. A small I inch slit in the 
mike pocket bottom allows the dc plug and 
rf input plug to go directly to the sockets on 
the bottom of the transceiver. The top of 
the amp has the antenna socket and dc input 
cable fitted with a cigarette plug. This 
arrangement provides easy hookup to your 
car, boat, motorcycle or ??? and when used 
mobile, both the TR22 and the amp are 
powered by the external source. 

Fig. 1 shows the mechanical construction. 
An aluminum bollom/heat sink is formed as 
shown. A piece of copper clad board is 
pop-riveted or bolted lo the bottom cover, 
copper side up. An aluminum top is formed 
and secured to the finished amp with a single 
through bolt. The circuit board is made by 
cutting copper clad pads with tin snips and 
gluing with one drop super glue or epoxy as 
shown in the full size layout in l ig. 2. Fig. 2 
also shows the parts placement. All leads 



should be cut to the minimum needed length 
including the compression trimmer caps. Fig. 
3 shows the schematic and parts list. The rf 
transistor has been advertised in 73 at $6.00. 
Heat sink paste should be used when 
mounting this transistor and don’t get too 
strong when tightening the mounting nut. 
Tuneup is simply a matter of connecting the 
amp to a dummy load or antenna through an 
output indicator, apply drive and tune Cl, 
C2, C3, C4, in that order for maximum rf 
output. These adjustments will interact; 
therefore, the procedure should be repeated 
several times until no further increase in 
output can be obtained. 

Several units constructed all produced 15 
plus Watts out and provided that little extra 
power needed when you decide to throw the 
TR22 on the seat next to you and go 
mobile. 

I want to thank Roy WA4DXU for the 
use of his rig for photography. Mine wasn’t 
painted pretty. ■ 

Fig. 3. Schematic. Q1 - 2N5590or 2N6081; 
LI - 1 turn #18 wire 8 mm dia.; L2 - 3 
turns #18 wire 8 mm dia.; RFC 1 &2~ 8 
turns #18 wire 8 mm dia. with 3 ferrite 
beads on the cold end; Relay — 2P2T sigma 
A xtal can 12 V dc or similar (Poly Paks 
#92011743, 12 for $1.00, 26 V dc 700 
Ohm, work on 12 V dc or higher); Cl, C4 — 
15 to 150 pF (Poly Paks #92011979, 
assortment 20 for $ 1.00); Dl, 02- 1N914. 





SUB-MINI ‘TOUCH TONE ENCODER 

SMALL - ONLY 6/16 DX1 1/2 W X 2 H 
12 DIGIT - QUALITY PRODUCT 
COMPLETELY SELF CONTAINED 
XTAL CONTROLLED - EASY INSTALLED 
B PLUS, B MINUS AND TONE OUT 
GOLD PLATED DOUBLE FACED PCB 


COMPLETE J69.96 CWO 
COD 2 0 PERCENT DEPOSIT 


SHIPPING AND HANDLING! 












































by 

F. E. Hinkle WA5KPG 
W. T. Adams WA5QZM 
9503 Gambel's Quail Tr. 
Austin TX 78758 


Inexpensive 

HF-VHF Frequency Standard 


T here have been many frequency 
standard articles published in recent 
years using advanced technology integrated 
circuits 1 ,2 . However, there is a need for a 
foolproof circuit that is both inexpensive 
and easy to build in a modest workshop. 
While looking for a frequency standard for 
HF operations I noticed that most authors 
neglect the need for 30 kHz and 300 kHz 
markers in VHF FM operations, where 30 
kHz is the standard channel spacing. Also, 
most 2m FM frequency standards neglect 
the needed 100 kHz and 10 kHz markers as 
used by the HF man. 2 This is why my 
interest developed for a simple design fre¬ 
quency standard which could develop both 
30 kHz and 10 kHz markers as well as a host 
of other frequencies. 

This standard uses readily available TTL 
integrated circuits which arc available from 
many sources as advertised in the back of 73 
Magazine. The integrated circuits should not 
cost more than $4.50 total. The crystal I 
used was one from my junk box, but an 
International EX Crystal should work as 
well, and costs $4.95. 

The block diagram of the frequency 
standard is shown in Fig. 1, Note that a Five 


volt regulator was used to furnish the 5 volts 
needed by the TTL circuits. By using a 
regulator, an automobile 1 Z volt battery can 
be used to power the frequency standard 
when tuning up the mobile rig in the car. 
Also, a lantern battery may be used to 
power the unit for portable use as on field 
day. The 9 MHz oscillator is composed of a 
hex inverter operating in the linear mode. 
The 9 MHz output from the oscillator is 
divided by three to generate the 3 MHz 
signal used by the rest of the circuit. Two 
divide-by-ten circuits are then used to 
generate the 300 kHz and 30 kHz marker 
outputs. When 100 kHz outputs are 
required, another divide-by-three circuit is 
inserted between the 3 MHz signal and the 
divide-by-tens. Since there are two different 
outputs on each BNC connector, a small 
LED is used to signal when the second 
divide-by-three is in the circuit. The LED 
monitors the output of the divide-by-three, 
and when it is outputting, the LED is 
illuminated corresponding to 1 MHz, 100 
kHz or 10 kHz selections. When the LED is 
not illuminated, then the outputs are 3 MHz, 
300 kHz or 30 kHz. 

The circuit diagram of the frequency 




- 3 I —| ^r C >- |~ATQ R [^. 5 v REG 

3MH2 

~”~~ H ™ l -| 


3MHZZIMHZ 300KHZZI00KHZ 30KHZ/IOKHZ 


Fig. i. Block diagram of the frequency standard. Selection of the 1 MHz}, 1 MHz}.01 MHz is 
made by the toggle switch. 


standard is shown in Fig. 2. A 7404 TTL hex 
inverter is used as the crystal oscillator. A 
small 2-8 pF trimmer capacitor is used to 
permit zeroing the crystal with WWV. A 
7476 TTL dual )-K flip flop is connected in 
a standard divide-by-three configuration. 
This same circuit is used later as the divide- 
by-three in order to produce the 100 kHz 
markers. A toggle switch selects either the 
second divide-by-three or bypasses it 
depending whether 100 kHz markers are 
needed. Two 7490 TTL decade dividers arc 
then used to furnish the lower frequency 
markers. 

The TTL circuit layout is not critical. The 
standard, however, should be built close 
together to keep down stray capacitances. 
To help those who wish to duplicate the 
circuit, circuit boards are being made 
available. 3 Alternatively, the circuit may be 
built on a small vector board. Sockets may 
be used to help in the point-to-point wiring. 

The board was mounted in a small 
aluminum box and BNC connectors were 
used for the outputs. The frequency 
standard is quite readable at 150 MHz and 
probably higher. Because of the square wave 
output, the harmonic content is very high. 
To calibrate the oscillator, the 100 kHz 
mode is chosen. The 100 kHz is then 
compared with WWV at 5, 10 or 15 MHz. 
The small trimmer capacitor is then adjusted 
until a zero beat is noted. Using this method, 
the harmonics at 146 MHz should be no 
more than a few Hz off. ■ 



* "Frequency Standards," FM and Repeaters. 
ARRL 1972. p. 166-168. 


Engineering, 9503 Gambel's Quail Tr., Austin TX 
78758. Undrilled, 2x4 inch is $3.75, drilled is 
S4.75 postpaid. 





ON parts. 


Please put my name and the names 
of the organizations I represent on the 
list of available and eager ham radio 
teachers. 

Steve Gold WB80JF 
Pres., Beachwood A. R. C. 
Secy., South East A. R. C. 
23881 Bryden Road 
Beachwood OH 44122 

I would appreciate knowing of any¬ 
one in my area who would be 
interested in helping me on the road 
to becoming a VE3. 

Tim Molyneux 
31 Grass Point Cres. 

Etobicoke 
Ontario M9C-2T9 

Would be glad to help any prospec¬ 
tive or present ham to get his license 
or upgrade. 

Barry Anderson K3SUI 
5114 Darlington Rd. 
York PA 17404 
(7171-792-0828 



Help. 

Richard K. Burrows 
1335 Faxon Circle 
Williamsport PA 17701 
Does anyone out there know where 
I can get a set of schematics for two 
pieces of equipment I have and can't 
get running? One is a Motorola 
Dispatcher, transistorized, model no. 
D.33BAT-1104A, xmtr. type CC3501, 
6 volt. 

The tough one came from the 
MARS program. It's a signal generator 
that looks like a very good model, 
but, as with all MARS equipment, it 
only half works. Though new, it looks 
like some one has taken the rippers to 
it and I don't want to get into it 
unless I have documentation. I'm 
willing to pay, if need be. It's a SG 
47/USM-16, made by B. J. Electronics 



Div. of Borg Warner, Santa Anna CA. 
It has modulation, deviation, pulse 
and rf output 10 to 440 MHz. I have 
written to the above address but not 
received an answer. I understand that 
there are four books for this set, but I 
couldn't get them from the military. 
Any help out there? 

Donald F. Kelso WA8YFO/4 
6233 Pinewood Village 
Circle West 
Lakeland FL 33803 


CORRECTION 

"Build This $5 Timer," January, 
1976, page 129: Five pin numbers 
from the NE555 were inadvertently 
omitted. Clockwise from the top, they 
should be 8, 3, 4, 2, 1, 7, 6. Our 
apologies. 
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by Wayne Green W2NSD/1 



EDITORIAL 


COMPUTERS, SIMPLIFIED 
The main part of the I/O section of 


year is only about $50 million .. . 
let's see now, if we only get 2% of 
that market that is $1 million in sales. 


ms), then 125 ms of 2225 Hz. This is 
followed by two bursts of the time 
code (182.5 ms each). If the two time 


Chamberlin, one of the leading com* 



Well, perhaps you have no great 

interest in grabbing a piece of the big 
computer pie in the sky which is 
coming. The estimated ham purchases 
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creative competing 


seem), to write in English or ever 
talk it. They no longer talk v 
people, they interface. Without a 
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Computers Are 
Ridiculously Simple! 


Did you just get hooked? Has the first reaction of 
bewilderment and perplexity set in as you begin to explore the 
ins and outs of computing? Nat Wadsworth of SCELBI 
Computer Consulting - makers of an Intel 8008 based 
packaged microcomputer system - provides us with this 
article on fundamentals of computer operation. The article is 
written with the Intel 8008 in mind as an example of a typical 
computer, but the principles involved apply to nearly any 
microcomputer you can find on the market. The material of 
this article is taken from the first chapter of author 
Wadsworth's SCELBI-8H/B User’s Manual, one of the best 
documentation support packages among the various kit 
manufacturers. 


Reprinted from THE SCELBI- 
8H/B USER'S MANUAL. 
Author: Nat Wadsworth. Copy¬ 
right 1974, 1975 - Revised. 
SCELBI COMPUTER CONSULT¬ 
ING, INC. With the permission of 
the copyright owner. 


There have been numerous 
examples put forth over the 
years to illustrate the basic 
scheme behind the operation 
of computers. The scheme is 
deceptively simple and 
incredibly powerful. The 
power comes from the speed 
with which the machines can 
perform the simple 
operations. The fundamental 
concept of the computer is 
that it is a machine that is 
capable of doing two 
fundamental operations at 
very high speed: First it is 
able to obtain a piece of 
information from a storage 
area and perform a function 
as directed by the 
information it obtains; and 
secondly, based on its current 
status, it is able to ascertain 
where to obtain the next 


piece of information that will 
give it further “directions.” 
This fundamental concept is 
the key to the operation of 
all digital computers and 
while it is a simple concept, it 
can be built upon to arrive at 
all the complex operations 
computers of today can 
perform. How this is done is 
what this article is about. 

One of the best analogies 
for describing a computer’s 
basic operations is to consider 
a bank of boxes, similar to a 
bank of Post Office mail 
boxes. A piece of paper 
containing “directions” can 
be placed in each box. A 
person is directed to go to the 
bank of boxes, and after 
starting at a given place, to 
open each box, withdraw the 
piece of paper and follow the 


directions there-on. The 
boxes are labeled in an 
orderly fashion, and the 
person is also told that unless 
a piece of paper in a box 
directs otherwise, when the 
person is finished performing 
the task directed, they are to 
replace the paper in the box 
and proceed to open the next 
box. Note, however, that a 
piece of paper may give 
directions to alter the 
sequence in which the person 
is to open boxes. 

Fig. 1 shows a picture of a 
set of such boxes. Each box is 
labeled for identification. 

To present a view of a 
computer’s operation, assume 
a person has been told to 
start at box A1 and to follow 
the directions contained on 
the pieces of paper in the 
boxes until a piece of paper 
containing the direction 
“stop” is found in one of the 
boxes. In this example the 
person finds the following 
“instructions”: 

In box A1 is the message: 
"Take the mathematical value 
of l and write it down on a 
scratch pad. ” 

Since the “instruction” in 
box A1 only pertained to 
some function that the 
person was to perform, and 
did not direct the person to 
go to some specific box, then 
the person will simply go on 
to the next box in the row. 





Box A2 contains the 
information: 

"Add the number 2 to any 
value already present on your 
scratchpad." 

The person will at this 
point perform an addition 
and have a total 
“accumulated” value on the 
pad of scratch paper. The 
accumulated value would be 
3. Since there are no other 
directions in box A2, the 
operator would continue on 
to open box A3 which has 
the following message: 

"Place any accumulated 
mathematical value you have 
on your scratch pad into box 
HS." 

Thus the person would 
tear the current sheet off the 
“scratch pad” and place it — 
containing the value “3" — 
into box H8. Note, though, 
that while the person was 
directed to place the 
accumulated value on the 
scratch pad into box H8, the 
person was not directed to 
alter the sequence in which to 
obtain new “instructions” so 
the person would proceed to 
open box A4 which contains 
the directive: 

"Take the mathematical 
value of 6 and place it on 
your scratch pad." 

Going on to box A5 the 
person finds: 

"Add 3 to the present 
value on your scratch pad." 

This is obviously just a 
“data word.” The operator 
adds the value 6 from the 
previous box to the number 
3, noting the calculation on 
the scratch pad and proceeds 
to open box A6: 

"Place any accumulated 
value you have on your 
scratch pad into box H7." 

The person thus would put 
the value “9” on a piece of 
paper (from the scratch pad) 
into the designated box and 
proceed to open box A7: 

"Get the value presently 
stored in box HS and save the 
value on your scratch pad." 

This is a simple operation 
and the person proceeds to 
open up box A8: 


“Fetch the value in box 
H7. Subtract the value of 
your scratch pad from the 
value found in box H7. Leave 
the result on your scratch 
pad." 

When the operator has 
performed this operation, the 
operator will have finished 
the “A” row and will then 
continue obtaining 
“instructions” by going to 
the “B" row and opening box 
B1 where more directions are 
found: 

"If the present value on 
your scratch pad is not zero 
go to box B3." 

At this time if the person 
checks the scratch pad it will 
be found that the value on 
the scratch pad is indeed 
non-zero as the last 
calculation performed on the 
scratch pad was to subtract 
the value in box H8 from the 
value in box H7. In this 
example that would be: 

9-3 = 6 

Therefore the directions in 
box B1 for this particular 
case will tell the operator to 
"jump over” box B2 and go 
to box B3. For the sake of 
completeness, however, box 
B2 does contain an 
instruction, for had the value 
on the scratch pad been zero 


the operator would not have 
"jumped over" box B2 and 
would have found the 
following message inside box 
B2: 

"The values in box H7and 
H8 are of equal value. 
STOP!" 

However, for the values 
used in this example, the 
person would have "jumped” 
to box B3 where the 
following directive would be 
found: 

"If the present value on 
your scratch pad is a 
"negative number" jump to 
box BS." 

Since this is not currently 
the case the person will not 
“JUMP” to box B5, but will 
simply continue to open box 
B4 which contains: 

"The value in box H7 is 
larger than the value in box 
H8. STOP!” 

At this point the person 
has completed the 
"instruction sequence” for 
this example. It should be 
noted, however, that box B5 
did contain the message: 

"The value in box H7 is 
smaller than the value in box 
HS. STOP!" 

This little example of a 
person opening up boxes and 
following the directions 


The basic scheme behind 
the operation of computers 
is deceptively simple and 
incredibly powerful. 


One of the best analogies 
for describing a computer’s 
basic operations is to con¬ 
sider a bank of boxes, 
similar to a bank of Post 
Office mail boxes... 
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Fig. 1. A set of Post Office pigeon holes containing messages. 





Fig. 2(a). The computer structure 
compared to the Post Office pigeon 
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contained in each one is very 
similar to the concept used 
by a computer. Note that 
each “instruction” is very 
short and specific. Also note 
that the combination of all 
the instructions in the 
example will result in the 
person being directed to solve 
the problem: 

Is 1 + X greater than, less 
than, or equal to: 6 + Y? 

For the reader can note, if 
the “data words” contained 
in boxes A2 and A5 for the 
example were changed, the 
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sequence of “instructions” 
would still result in the 
person being told to "STOP” 
at the box that contained the 
correct answer. The reader 
can verify this by simply 
assuming that different 
numbers than those used in 
the example are in boxes A2 
and A5 and going through the 
instruction sequence until 
told to “STOP.” 

The example illustrates 
how a carefully planned set 
of directions, arranged such 
that they are performed in a 


precise sequence, can be used 
to solve a problem even 
though the “variables” (data) 
in the problem may vary. 
Such a set of “instructions” is 
often termed an “algorithm” 
by those in the computer 
field. The example solved a 
mathematical problem using 
the “algorithm,” but the 
reader will find that 
“algorithms” can be devised 
to solve many problems on a 
computer that are not strictly 
mathematical! 

Any person learning a new 
skill must of necessity learn 
the vocabulary of the field in 
order to proceed to any great 
extent. You might think that 
it would be easier if 
everything was written in 
plain everyday words, but the 
truth of the matter is that 
specialized vocabularies do 
serve several useful 
functions. For one thing, 
they can greatly shorten the 
time that it takes to 
communicate ideas or 
concepts. In today’s 
fast-moving world, that is of 
significance in itself. In 
addition, the limitations of 
the English language often 
result in a given word having 
a special meaning when it is 
used in the context of a 
particular subject. One must 
know the new meaning when 
it is used in such a manner. 
Fortunately, much of the 
computer vocabulary is very 
logically named. This is 
probably due partly to the 
fact that computers are of 
necessity extremely 
dependent on logic, and 
hence many persons who 
helped create the field — and 
by that fact were rather 
logically oriented themselves 
- seem to have had the 
logical sense to have named 
many of the parts and 
systems of computers and 
computer programs, in a 
logical manner. 

In the text which follows, 
two diagrams. Figs. 2(a) and 
2(b), are used to demonstrate 
the analogy between the 
person taking “instructions” 


from a group of mail boxes 
and the basic operation of a 
real minicomputer. 

Fig. 2(a) shows the Post 
Office boxes, a figure 
representation of a person 
who is able to “fetch” and 
return the “instructions” or 
“data” from and to the 
boxes, and a “scratch pad” 
on which the person can 
make temporary calculations 
when directed to do so. 

In Fig. 2(b) are three 
interconnected boxes which 
form a “block diagram” of a 
computer. The uppermost 
portion of the “block 
diagram” is labeled the 
“memory.” The middle 
portion is labeled the “central 
processor unit” or “CPU” for 
short. The lower part of the 
diagram depicts an 
“accumulator.” 

The correlation between 
the two pictures is extremely 
simple. The “Post Office 
boxes” correspond to the 
“memory" portion of a real 
computer. The “memory” is 
a storage place, a location 
where instructions and data 
can be stored for long lengths 
of time. The “memory” can 
be “accessed.” “Instructions” 
and/or “data” can be taken 
out of memory, operated on, 
and replaced. New “data” can 
be put into the “memory.” A 
“memory” that can be “read 
from” as well as “written 
into” is called a “read and 
write memory.” A “read and 
write memory” is often 
referred to as a “RAM” as an 
abbreviation. Many times it is 
feasible to have a “memory” 
that is only “read from.” A 
memory that is never 
"written into,” but is only 
used to “read from,” is 
termed a “read only 
memory” and is abbreviated 
as a “ROM.” For the present 
discussion the term 
“memory” will refer to a 
“read and write memory” 
(“RAM”). 

The figure of a person in 
Fig. 2(a) corresponds to the 
central processor unit in Fig. 
2(b). The cental processor 





unit in a computer is the 
section that “controls” the 
overall operation of the 
machine. The “CPU” can 
receive (fetch) “instructions” 
or “data” from the memory. 
It is able to “interpret” the 
“instructions” it fetches from 
the memory. It is also able to 
perform various types of 
mathematical operations. It 
can also “return” information 
to the memory - for instance 
make deposits of "data” into 
the memory. The “CPU" also 
contains control sections that 
enable it to sequentially 
“access” the “next” location 
in memory when it has 
finished performing an 
operation, or, if it is directed 
to do so, to “access” the 
memory at a specified 
location, or to “jump” to a 
new area in memory from 
which to continue fetching 
“instructions.” 

The pad of paper and 
pencil in Fig. 2(a) 
corresponds to the block 
titled “accumulator” in Fig. 
2(b). The “accumulator" is a 
temporary "register” or 
"manipulating area” which is 
used by the CPU when it is 
performing operations such as 
adding two numbers. One 
number or piece of 
information can be 
temporarily held in it while 
the central processor unit 
goes on to obtain additional 
instructions or data from 
memory. It is an electronic 
“scratch pad” for the CPU. 

The three fundamental 
units - the memory, central 
processor unit, and the 
accumulator - are at the 
heart of every digital 
computer system. Of course, 
there are other parts which 
will be added in and 
explained later, but these 
fundamental portions can be 
used to explain the basic 
operation of a digital 
computer which is the 
purpose of this article. 

The reader should learn 
the names of the basic parts 
of the computer as they are 
presented. Note how easy it is 


to remember the portions 
that have been shown. The 
“remembering" element is a 
“memory.” The portion that 
does the "work” or 
processing is simply termed 
the “central processor unit,” 
and the part that is used to 
accumulate information 
temporarily is aptly called the 
“accumulator!" 

The reader should now 
have a conceptual view of the 
concept behind a computer’s 
operation and an 
understanding of the 
machine's most basic 
organization. It is simply a 
machine that can fetch 
information from a memory, 
interpret the information as 
an instruction or data, 
perform a very small 
operation, and continue on to 
determine the next operation 


that is to be performed. Each 
operation it is capable of 
doing is very tiny by itself, 
but when the many 
operations of a typical 
“program” are performed in 
sequence, the solutions to 
very complex problems can 
be obtained, it is important 
to remember that the 
computer can perform each 
little operation in just a few 
millionths of a second! Thus 
a program that might seem 
very large to a person — say 
one with many thousands of 
individual instructions — 
would only take a digital 
computer a few thousandths 
of a second to perform. The 
speed with which the 
computer can execute 
individual instructions is what 
gives the computer its 
seemingly fantastic capability. 


It is now time to start 
delving into the actual 
physical manner in which a 
computer operates. How can 
a machine be constructed so 
that it is able to perform the 
processes of the central 
processor unit? While it will 
require a number of pages of 
text to explain the procedure, 
it is not nearly as difficult to 
understand as many people 
might suspect. The 
complexity of a computer 
when first viewed by a person 
is caused by the fact that it 
appears to consist of many 
hundreds of parts. It becomes 
much simpler when one 
understands that the 
hundreds of parts are really 
made up from a few dozen 
similar parts and they are 
carefully organized into just a 
few major operating portions. 
The reader is already familiar 
with the most fundamental 
portions. 

As fantastic as it may 
sound at first, a digital 
computer can be thought of 
as really nothing more than a 
highly organized collection of 
"on or off” switches! Yes, 
computers are constructed 
from electronic devices that 
can only assume one of two 
possible states! The electronic 
switches can be constructed 
in a variety of ways. For 
instance, the switch can be 
made so that the voltage at a 
given point is either high or 
low, or current through a 
device is either flowing or not 
flowing, or flowing in one 
direction, and then the other 
direction. But, regardless of 
how the electronic switch is 
constructed, its status can 
always be represented as 
being either “on” or "off.” 
This "on” or “off” status can 
be mathematically 
symbolized most suitably by 
a mathematical system based 
on "binary" notation. 

Some people tend to think 
that computers are very 
difficult to understand 
because they have heard of 
"strange" types of 
mathematics that are often 
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Fig. 2(b). Block diagram of a computer's fundamental components. 








As fantastic as it may 
sound at first, a digital 
computer can be thought 
of as really nothing more 
than a highly organized 
collection of "on or off” 
switches! 


referred to in conjunction 
with computers. In actuality 
much of the mathematics 
that are dealt with in 
computer technology are 
much easier to understand 
and deal with than the 
decimal system that the 
average person is familiar 
with. In the decimal 
numbering system a person 
must learn 10 different 
symbols, and in order to 
manipulate those symbols, 
they must memorize a lot of 
information. For instance, 
look at how students are 
taught to multiply. The 
learning process actually 
involves the student having to 
memorize a rather large 
number of facts. Because of 
the way it is typically taught, 
most students never realize 
how much work they have to 
go through just to learn the 
multiplication tables! The 
teacher does not stand up and 
say, "OK, now you are going 
to memorize about 100 
facts.” Instead, over a period 
of a few weeks or so, the 
student is made to memorize 
the 100 or so facts — a few at 
a time. The student must 
learn the value of each digit 
multiplied by all the other 
digits in the decimal 
numbering system. The 
decimal numbering system is 
far more complicated for the 
beginner than learning the 
binary numbering system, 
and the binary numbering 


system is the one utilized by 
computers at their most basic 
functioning level. The reason 
the computer uses the binary 
system is because it is the 
simplest system around and 
hence the easiest one with 
which to construct a 
computing machine! 

Readers know the word 
"binary” indicates “two.” 
Computers are built up of 
electronic switches that can 
only have two possible states. 
The switches are binary 
devices. The status of the 
switches can be represented 
mathematically utilizing the 
“binary” numbering system. 
The binary numbering system 
only has two digits in it! 
They are zero (0) and one 
(1). A switch can thus be 
mathematically symbolized, 
for instance, by a zero when 
it is "off” and a one when it 
is “on.” The opposite 
relationship could also be 
established, a one could be 
used to represent a switch 
being “off” and a zero used 
to represent a switch as “on.” 
It would make no difference 
mathematically which 
convention was used as long 
as one was consistent. For the 
purposes of the present 
discussion, the reader can 
assume that the first 
convention (switch off = 0, 
switch on = 1) will be used. 

It should be immediately 
apparent that working with a 
numbering system based on 


only two integers will be a lot 
easier than working with one 
having 10 integer symbols. In 
fact, most problems for 
people learning the binary 
system come about because 
they tend to forget how 
simple it is, and they tend to 
keep going towards a decimal 
solution out of habit when 
they are working with the 
binary system. For instance, 
when one starts to add binary 
numbers, as soon as the value 
“1 ” is exceeded, a “carry” to 
the next column must be 
made. The value of the 
addition of “1 + 1” in the 
binary system is: 10. It is not 
2! There is no such integer as 
“2” in the binary numbering 
system. However, when a 
person who has worked with 
the decimal system for years 
first starts working with the 
binary system, old decimal 
habits tend to get in the way. 
The reader will have to 
beware! 

To formally introduce the 
binary mathematical system 
one can start by stating that 
it uses two integers, zero (0) 
and one (1), and no others. A 
binary number has a value 
determined by the value of 
the integers that make up the 
number, and the position of 
the digits. 

In the decimal numbering 
system, the reader is familiar 
with the location of a digit 
having a "weighted” value as 
follows: A three digit number 
has a value determined by the 
unit value of the digit in the 
right-most column plus the 
value of the digit to the left 
of it multiplied by 10, plus 
the value of the third digit 
multiplied by one hundred as 
illustrated in the following 
example: 

THE DECIMAL NUMBER 
345 IS EQUAL TO: 

5 UNITS = 5 

PLUS(+) 4TIMES 10 = 40 

PLUS (+) 3 TIMES 100 = 300 

In other words, after the 
right-most column (which has 
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the value of the digit), each 
column to the left is given a 
weighting factor which 
increases as a power of the 
total number of digits utilized 
by the numbering system. 
Note that in the above 
example the 4 representing 
40 units is equal to 4 times 
the number of integer 
symbols in the decimal 
system (10) because it is 
located in the second column 
from the right The number 3 
representing 300 units is 
equal to 3 times the number 
of integer symbols in the 
decimal system squared 
because it is located in the 
third column from the right. 
This relationship of the 
weighted value of the digits 
based on their position can be 
described in mathematical 
shorthand as follows: 

If the number of different 
integer symbols in the 
numbering system is U (for 
the decimal system U=10) 

and the column whose 
weighted value is to be 
determined is column number 
M (starting with the right¬ 
most column and counting to 
the left) 

and any digit is represented 
by the symbol X 

then the weighted value of a 
digit in column M is 
expressed as: 

X times U raised to the power 
(M-l)orXU(M-l) 

The reader can easily 
verify that the above formula 
applies to the decimal 
numbering system. However, 
the above formula is a general 
formula that can be used to 
determine the weighted 
positional value of any 
numbering system. It will be 
used to determine the 
weighted positional values of 
numbers in the binary 
numbering system. 

In the binary numbering 
system there are just two 
different integer symbols (0 




and 1). Thus U in the above 
formula is equal to 2. For 
illustrative purposes assume 
the following binary number 
is to be analyzed: 

1 0 1 

and it is desired to determine 
its value in terms of decimal 
numbers. (Remember its 
binary value is just 10 1). 
Using the above formula for 
the digit in the right most 
column: M is equal to 1, thus 
(M-1) is equal to 0, and with 
X = 1: 

Weighted Value = X . u( M ' 1 ) 
= 1 . 2° = 1 

(Remember that any number 
raised to the zero power is 
equal to 1.) Going on to the 
next digit it can be seen that 
the weighted value is simply 
0! Finally, the digit in the 
third column from the right 
has the weighted value 
because of its position: 

Weighted Value = X . u( M '1) 
= 1. 2(3-1) = 22 = 4 

Then, by adding up the sum 
of the weighted values 
(similar to that done for the 
decimal example earlier) one 
can see that the decimal 
equivalent of 1 0 1 binary is 
5: 

THE BINARY NUMBER 101 

IS EQUAL TO: 

1 UNITS = 1 

+ 0 TIMES 2 = 0 

+ 1 TIMES 4 = 4 

and thus 1 0 1 in the binary 
numbering system is the same 
as 5 in the decimal numbering 
system. 

There will be more to 
learn about the binary 
numbering system. However, 
the brief information given 
will be enough to continue on 
with the discussion that this 
section is primarily concerned 


with — the basic operation of 
a computer. Since the reader 
is now aware that a computer 
is composed of numerous 
electronic switches and 
knows that one can use a 
mathematical shorthand to 
represent the status of the 
switches (whether they are 
"on” or "off”), and is also 
aware of the fundamental 
concept behind a computer’s 
operation, it is now possible 
to proceed to show how 
electronic switches can be 
arranged to build a functional 
computer. That is, how the 
electronic switches can be 
arranged and interconnected 
in a fashion that will allow a 
machine to "fetch” a piece of 
information from a 
“memory” section, decode 
the information so as to 
determine an "instruction," 
and also determine where to 
obtain the next instruction or 
additional "data.” 

To begin this part of the 
discussion it will be beneficial 
for the reader to picture a 
group of cells (similar to the 
Post Office boxes shown 
earlier) arranged in orderly 
rows as shown in Fig. 3. This 
time, instead of each cell 
holding a complete 
instruction, it can be 
understood that each cell 


only represents part of an 
instruction and that it takes a 
whole row of cells to make 
up an instruct ion. 
Furthermore, each cell may 
only contain the 
mathematical symbol for a 
one (1) or a zero (0) - or, in 
other words, its contents 
represent the status of an 
electronic switch! 

At this time a few more 
computer technology 
definitions will be illustrated. 
In Fig. 3, each box containing 
a binary 1 or 0 represents 
what is called a “bit” of 
information. While each cell 
may only contain one piece 
of information at a time, a 
cell can actually represent 
one of two possible states of 
information. This is because 
the cell can be in two possible 
states — it either contains a 
zero or a one. If one starts 
assigning positional values to 
the cells in a row, it can be 
seen that the total number of 
possible states in one row will 
increase rapidly. For instance, 
two cells in a row can 
represent up to four states of 
information. This is because 
two cells side-by-side, 
containing either a 0 or 1 in 
each cell can have one of the 
following four states at a 
particular moment in time: 1 


The decimal numbering 
system is far more com¬ 
plicated for the beginner 
than learning the binary 
numbering system, and 
the binary numbering 
system is the one utilized 
by computers at their 
most basic functioning 
level. 


WORD #1 
WORD #2 
WORD #3 
WORD #4 
WORD #5 
WORD£6 
WORD #7 
WORD #8 

Fig. 3. An array of electronic cells, 8 bits per cell. 



73 





The combination of the 
eight cells can be filled 
with zeros and ones in 
2S6 different patterns. 


0, 0 1, 1 1, or 0 0. Three cells 
in a row can represent up to 
eight states of information as 
the possible states of three 
cells side-by-side are: 0 0 0, 0 
0 1, 0 I 0,0 1 1, 1 00, 1 0 1, 

1 1 0, 1 1 1. In fact, when 
each cell can represent a 
binary number, the total 
number of states of 
information that a row of 
"N" cells can represent is: 2 
to the Nth power, 2<T Thus, a 
row of eight binary cells can 
represent 2 to the eighth 
(256) states of information! 
That is, the combination of 
the eight cells can be filled 
with zeros and ones in 256 
different patterns! 

A group (row) of cells in a 
computer's memory is often 
referred to as a "word.” A 
"word” in a computer’s 
memory is a fixed size group 
of cells that are "accessed” or 
manipulated during one 
operational cycle of the 
central processing unit (CPU). 
The CPU will effectively 
handle all the cells in a 
"word" in memory 
simultaneously whenever it 
processes information in the 
memory. Digital computers 
can have varying “word 
lengths” depending on how 
they are engineered. Many 
microcomputers have a 
memory word size consisting 
of eight cells. The number of 
cells in a word, and the 
number of words in a 
computer’s memory have a 
lot to do with the machine’s 
overall capability. In the 
typical microcomputer 
system, the memory' is 
available in modules - groups 
of words which can be 
plugged into a common set of 
wires in the system. With 


current LSI technology, a 
typical module of moderate 
price has 1024 bytes in an 
8-bit computer system. With 
the 8008 oriented design 
serving as the basis for this 
article, one could potentially 
plug in 16 such modules for a 
total of 16,384 bytes or 
131,072 bits. Thus, a large 
amount of information can 
be “stored” in the computer’s 
memory at any one time. 

The astute reader may 
have already figured out a 
very special reason for 
grouping cells into ’’words” 
in memory. It was pointed 
out earlier that a row of eight 
cells could represent up to 
256 different patterns. Now, 
if each possible pattern could 
be “decoded” by electronic 
means so that a particular 
pattern could specify a 
precise “instruction” for the 
central processor unit, then a 
large group of "instructions" 
would be available for use by 
the machine. That is exactly 
the concept used in a digital 
computer. Patterns of ones 
and zeros organized into a 
computer "word" are stored 
in memory. The CPU is able 
to examine a word in 
memory and decode the 
pattern contained therein to 
determine the precise 
operation that it is to 
perform. Most micro¬ 
computers do not decode 
every one of the possible 256 
patterns that can be held in a 
row of eight cells as an 
instruction. They have an 
“instruction set” of over 100 
"instructions" which are 
represented by different 
patterns of ones and zeros in 
an eight cell memory “word." 
Each pattern that represents 


an "instruction” can be 
decoded by the CPU and will 
cause the CPU to perform a 
specific function. Details of 
all the functions a computer 
can perform are usually 
found in the manufacturer's 
documentation. 

There is another ingredient 
necessary for making the 
machine "automatic” in 
operation. That is that the 
CPU must "know" where to 
obtain the next “instruction" 
in memory after it completes 
an operation. That function is 
greatly aided by having the 
memory cells grouped as 
“words.” The reader should 
note that in Fig. 3 each group 
of cells representing a word 
was labeled as: "word #1,” 
"word #2,” etc. There is a 
special portion of the central 
processor unit that is used to 
control where the next word 
containing an instruction in 
memory is located. This 
special part is commonly 
referred to as the “program 
counter." One reason it was 
given the name “program 
counter" is because most of 
the time all it does is count! 
It counts memory words! 
Each word in memory is 
considered to have an 
"address." In Fig. 3 each 
word was given an "address" 
by simply designating each 
word with a number. Word 
#1 has an "address" of 1. 
Word #2 has an address of 2, 
etc. The "program counter" 
portion of the CPU keeps 
tabs on where the CPU 
should obtain the next 
instruction by maintaining an 
"address" of the word in 
memory that is to be 
processed! About 90% of the 
time all the program counter 
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does is “increment" the value 
it has each time the CPU 
finishes doing an operation. 
Thus, if the computer were to 
start executing a simple 
program that began by its 
performing the instruction 
contained in “word #1” in 
memory — the very process 
of having the machine start 
the program at that location 
in memory would cause the 
program counter to assume a 
value of 1. As soon as the 
CPU had performed the 
function the "program 
counter” would increment its 
value to 2 The CPU would 
then look at the program 
counter and see that its next 
instruction was located in 
word #2 in memory. When 
the instruction in word #2 
has been processed the 
"program counter" would 
increment its value to 3. This 
process might continue 
uninterrupted until the CPU 
found an instruction that told 
it to "STOP." 

A sharp reader might be 
starting to ask, “Why have a 
program counter if each 
instruction follows the 
next?" The answer is simply 
that the availability of a 
"program counter” gives the 
freedom of not having to 
always take the instruction at 
the next "address” in 
memory. This is because the 
contents of the “program 
counter" can be changed 
when the CPU detects an 
“instruction" that directs it 
to do so! This enables the 
computer to be able to 
“jump” around to different 
sections in memory, and as 
will become apparent later, 
greatly increases the 
capability of the machine. 



Fig. 4. The program counter 
of an 8008 based machine. 
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The "program counter” is 
actually just a group of cells 
in the CPU that may contain 
either a binary zero or one. 
The binary value in the row 
of cells that constitute the 
program counter determines 
the "address" of a word in 
memory. Since the number of 
words in memory can be very 
large, and since the program 
counter must be capable of 
holding the address of any 
possible location in memory, 
the number of cells in a row 
in the program counter is 
larger than the number of 
cells in a word in memory. In 
an 8008 oriented computer 
design, for example, the 
number of cells in the 
program counter is 14. Since 
2 to the 14th power is 
16,384, the program counter 
can present up to 16,384 
different patterns. Each 
pattern can be used to 
represent the “address” of a 
word in memory. Fig. 4 
illustrates what the contents 
of the program counter 
would look like when it 
contained the address for a 
specific word in memory. The 
address the example displays 
is "address 0” which can be 
considered the first word in 
memory. The reader should 
note that an address of zero 


can actually represent a word 
in memory! 

Earlier it was stated that 
some "instructions" can 
actually change the value of 
the program counter and thus 
allow a program to “jump” to 
different sections in memory. 
However, the reader now 
knows that a word in 
memory only contains eight 
cells, and yet the program 
counter of an 8008 based 
computer contains 14 cells. 
In order to change the entire 
contents of the program 
counter (by bringing in words 
from memory), it is necessary 
to use more than one 
memory word! This can be 
done if the program counter 
is considered to actually be 
two groups of cells connected 
together. One group contains 
eight cells, and the other six. 
In order to change the 
contents of the entire 
program counter, one whole 
eight cell word could be read 
from a memory location and 
placed in the right-hand 
group of eight cells of the 
program counter. Then 
another eight cell word could 
be read from memory. Since 
only six more cells are needed 
to finish filling the program 
counter, the information in 
two of the eight cells from 


the second word brought in 
from memory could be 
‘‘discarded.’’ If the 
information in the two left 
most cells of the word in 
memory were thrown away 
then the remaining six cells 
would contain information 
that could be placed in the 
six unfilled locations in the 
program counter. Most of the 
common 8-bit micro¬ 
computers use a similar 
scheme of breaking an 
address into two pieces when 
the program counter is loaded 
in a jump instruction. 

In order to make it easier 
for a person working with the 
machine to remember 
"addresses” of words in 
memory, a concept referred 
to by computer technologists 
as “paging” is utilized. 
“Paging" is the arbitrary 
assignment of “blocks” of 
memory words into sections 
that are referred to 
figuratively as “pages." The 
reader should realize that the 
actual physical memory unit 
consists of all the words in 
memory - with each word 
assigned a numerical address 
that the machine utilizes. As 
far as the machine is 
concerned, the words in 
memory are assigned 
consecutive addresses from 


There is a special portion of the central processor unit 
(CPU) that is used to control where the next word 
containing an instruction in memory is located — the 
“program counter." Most of the time all it does is 
count! 


word #0 on up to the highest 
word # contained in the 
memory. However, people 
using computers have found 
it easier to work with 
addresses by arbitrarily 
grouping “blocks” of words 
into pages. For example in 
the Intel 8008 "pages" are 
considered to be "blocks” of 
256 memory words. The first 
memory word address in an 
8008 system is at address 
zero (0). Programmers could 
refer to this word as word #0 
on page #0. The 256th word 
in memory as far as the 
computer is concerned has an 
address of 255. (Note: Since 
the address of 0 is actually 
assigned for the first physical 
word in memory, all 
succeeding words have an 
address that is one less than 
the physical quantity!) A 
programmer could refer to 
this word as word #255 on 
page #0. The 257th word in 
memory has an absolute 
address of 256 ("n”th word 
minus one since location 0 
contains a memory word) as 
far as the machine is 
concerned, but a programmer 
could refer to that word 
location as being on page #1 
at location 0! Similarly, the 
513th word in memory, when 
the paging concept is 
used, becomes word #0 on 
page #2 for a programmer - 
but it is just 512 as far as the 
machine is concerned. Paging 
at multiples of 256 is a 
convenient tool when dealing 
with any 8-bit micro¬ 
computer. 

The reader might have 
noted a nice coincidence in 
regards to the assignment of 
“paging" in 8-bit computers. 
Each "page" refers to a 
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Fig. S. The program counter with 
address 511 represented in binary 
notation. 
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"block” of memory words 
that contains 256 locations (0 
to 255). The reader will recall 
that that is exactly the 
number of different patterns 
that can be specified by a 
group of eight binary cells, 
and there are eight binary 
cells in a memory "word.” 
The relationship is more than 
coincidental! Note that now 
one has devised a convenient 
way for a person to be able to 
think of memory addresses 
and at the same time be able 
to specify a new address to 
the program counter that will 
still result in it containing an 
“absolute” address that the 
machine can use. For 
instance, if it was desired to 
change the contents of the 14 
cell program counter from an 
absolute address of word #0, 
say to word #511, the 
following procedure could be 
used: The programmer would 
first specify an instruction 
that the CPU would decode 
as meaning "change the value 
in the program counter." 
(Such an instruction might be 
a "jump" instruction in the 
instruction set.) Following 
that instruction would be a 
word that held the desired 
value of the "low order 


Fig. 6. Examples of addresses 
in an 8008 based system. 


address" or word # within a 
"page.” Since a memory 
word only has eight cells, 
since eight cells can only 
represent 256 different 
patterns, and since one of the 
patterns is equivalent to a 
value of zero, then the largest 
number the eight cells can 
represent is 255. However, 
this is the largest word # that 
is contained on a page. This 
value can be placed in the 
right-most eight cells of the 
program counter. Now it is 
necessary to complete the 
address by getting the 
contents of another word 
from memory. Thus, 
immediately following the 
word that contained the “low 
address” would be another 
word that contained the 
“page #" of the address that 


the program counter was to 
contain. In this case the page 
number would be 1. When 
this value is placed in the left 
six cells of the program 
counter the program counter 
would contain the pattern in 
Fig. 5. 

If desired, the reader can 
verify by using the formula 
presented previously for 
determining the decimal value 
of a binary number, that the 
pattern presented in Fig. 5 
corresponds to 511, and thus, 
by using the "page #" and 
“word # on the page,” each 
of which will fit in an eight 
cell memory word, a method 
has been demonstrated that 
will result in the program 
counter being set to an 
absolute address for a word in 


memory. Fig. 6 provides 
some examples as a summary. 

By now the reader should 
have a pretty good 
understanding of the 
concepts regarding the 
organization of memory into 
electrical cells which can be 
in one of two possible states, 
the grouping of these cells 
into "words” which can hold 
patterns which the CPU can 
recognize as specifying 
particular operations, and the 
operation of a “program 
counter” which is able to 
hold the “address” of a word 
in memory from which the 
CPU is to obtain an 
instruction. 

It is now time to discuss 
the operation of the “scratch 
pad” area for a computer — 
the accumulator (and some 


ABSOLUTE ADDRESS IN THE PROGRAM COUNTER 


1ST PHYSICAL WORD IN 
MEMORY HAS AN ABSOLUTE 
ADDRESS OF: 0 


ABSOLUTE ADDRESS IN THE PROGRAM COUNTER 


256th PHYSICAL WORD IN 
MEMORY HAS AN ABSOLUTE 
ADDRESS OF: 255 
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257th PHYSICAL WORD IN 
MEMORY HAS AN ABSOLUTE 
ADDRESS OF: 256 


ABSOLUTE ADDRESS IN THE PROGRAM COUNTER 


258th PHYSICAL WORD IN 
MEMORY HAS AN ABSOLUTE 
ADDRESS OF 257 
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additional “manipulating 
registers” in the typical 
8008 based computer). 

As was pointed out earlier, 
there is a section of a 
computer that is used to 
perform calculations in and 
which can hold information 
while the CPU is in the 
process of “fetching” another 
instruction from the memory. 
The portion was termed an 
“accumulator” because it 

information obtained from 
the CPU performing a series 
of instructions until such 
time as the CPU was directed 
to transfer the information 
elsewhere (or discard it). The 
accumulator is also 
considered to be the primary 
“mathematical” center for 
computer operations for it is 
the place where additions, 
subtractions, and various 
other mathematically 
oriented operations (such as 
Boolean algebra) are generally 
performed under program 
control. 

The concept of an 
“accumulator” is not difficult 
to understand and its physical 
structure can be readily 
explained. The actual control 
of an accumulator by the 
CPU can be quite complex, 


but these complex electronic 
manipulations do not have to 
be understood by the 
computer user. It is only 
necessary to know the "end 
results’’ of the various 
operations that 


perfori 


within 


accumulator. 

The accumulator in an 
Intel 8008 based machine can 
be considered as a group of 
eight “memory cells" similar 
to a "word” in memory 
except that the information 
in the cells can be 
manipulated in many ways 
that are not directly possible 
in a word in memory. 

Fig. 7 shows a collection 
of eight binary cells 
containing ones and zeros to 
represent an accumulator. 
The cells are numbered from 
left to right starting with 
“B?” down to “BO.” The 
designations refer to “bit 
positions’’ within the 
accumulator. Note that the 
right-most cell is designated 
BO and the eighth cell 
(left-most cell) is designated 
B7. The reader should 
become thoroughly familiar 
with the concept of assigning 
the reference of "zero" to the 
right-most bit position in a 
row of cells (similar to the 
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Fig. 7. The accumulator, pictured 
with binary 10101010 (decimal 
value 160) in its 8 bits. 
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concept of assigning a 
reference of zero to the first 
address of a word on a page 
in memory) as the convention 
is frequently used by 
computer technologists. The 
convention can be confusing 
for the beginner who fails to 
remember that the physical 
quantity is one more than the 
reference designation. The 
convention of labeling the 
first physical position as zero 
makes much more sense once 
the reader learns to think in 
terms of the binary 


The accumulator simply 
holds a number-it adds 
and subtracts-and “ro¬ 
tates” its contents. 


259th PHYSICAL WORD IN 
MEMORY HAS AN ABSOLUTE 
ADDRESS OF; 258 


512th PHYSICAL WORD IN 
MEMORY HAS AN ABSOLUTE 
ADDRESS OF: 511 


513th PHYSICAL WORD IN 
MEMORY HAS AN ABSOLUTE 
ADDRESS OF: 512 


1024th PHYSICAL WORD IN 
MEMORY HAS AN ABSOLUTE 
ADDRESS OF; 1023 


numbering system and 
thoroughly realizes that the 
"zero’’ referred to so 
frequently in computer work 
when discussing actual 
operations actually represents 
a physical state (the status of 
an electronic switch) and 
does not necessarily imply 
the mathematical notion of 
“nothing.” The concept of 
assigning a bit designation to 
the positions of the cells 
within the accumulator will 
allow the reader to follow 
explanations of various 
accumulator operations. 

One of the most 
fundamental and most often 
used operations of an 
accumulator is for it to 
simply hold a number while 
the CPU obtains a second 
operator. In an 8008 type of 
machine the accumulator can 
be “loaded” with a value 
obtained from a location in 
memory or one of the 
“partial accumulators." It can 
then hold this value until it is 
time to perform some other 
operation with the 
accumulator. (It will become 
apparent later that the 
accumulator of an 8008 can 
also receive information from 
external devices.) 

Perhaps the second most 
often used operation of an 
accumulator is to have it 
perform mathematical 
operations such as addition or 
subtraction with the value it 
contains at the time the 
function is performed and the 
contents of a memory 
location or one of the 
“partial accumulators.” Thus 
if the accumulator contained 
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Fig. 8. Adding the content or a memory word to the accumulator. 
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MEMORY 

FINAL RESULTS AFTER 
THE ADDITION IN THE 
ACCUMULATOR 


the binary equivalent of the 
decimal number 5, and an 
instruction to add the 
contents of a specific 
memory location which 
contained the binary 
equivalent of the decimal 
number 3 was encountered, 
the accumulator would end 
up with the value of 8 in 
binary form as shown in Fig. 
8 . 

Perhaps the next most 
frequently used group of 
operations for the 
accumulator is for it to 
perform “Boolean” 
mathematical operations 
between itself and/or other 
“partial accumulators” or 
words in memory. These 
operations in the typical 
microcomputer include the 
logical “and," "or,” and 
“exclusive or” operations. 

Another important 
capability of the accumulator 
is its ability to "rotate” its 
contents. In an 8008, as in 
many micros, the contents of 
the accumulator can be 
rotated either to the right or 
left. This capability has many 
useful functions, and is one 
method by which 
mathematical multiplication 
or division can be performed. 
Fig. 9 illustrates the concept 
of "rotating” the contents of 
the accumulator. 


The astute reader may 
notice that the accumulator 
rotate capability also enables 
the accumulator to emulate a 
“shift register” which can be 
a valuable function in many 
practical applications of the 
computer. 

The accumulator serves 
another extremely powerful 
function. When certain 
operations are performed 
with the accumulator the 
computer is capable of 
examining the results and will 
then “set” or "clear” a 
special group of “flags.” 
Other instructions can then 
test the status of the special 
“flags” and perform 
operations based on the 
particular setting(s) of the 
“flags." In this manner the 
machine is capable of 
“modifying” its behavior 
when it performs operations 
depending on the results it 
obtains at the time the 
operation is performed! 

I n an 8008 based 
computer, there are four 
special flags which are 
manipulated by the results of 
operations with the 
accumulator (and in several 
special cases by operations 
with "partial accumulators"). 
These four flags are described 
in detail below. Other micros 
have similar condition flags. 


The "carry flag” can be 
considered as a one bit (cell) 
extension of the accumulator 
register. This flag is changed 
if the contents of the 
acc u m uIator should 
“overflow" during an 
addition operation (or 
“underflow" during a 
subtraction operation). Also, 
the "carry bit” can be 
utilized as an extension of the 
accumulator for certain types 
of "rotate" commands. 

The "sign flag” is set to a 
logic state of “1" when the 
most significant bit (MSB) of 
the accumulator (or partial 
accumulator) is a “1” after 
certain types of instructions 
have been performed. The 
name of this flag derives from 
the concept of using two’s 
complement arithmetic in a 
register where the MSB is 
used to designate the sign of 
the number in the remaining 
bit positions of the register - 
conventionally, a "1" in the 
MSB designates the number 
as a "negative” number. If 
the MSB of the accumulator 
(or partial accumulator) is 
“0" after certain operations, 
then the "sign flag” is zero 
(indicating that the number 
in the register is a positive 
number by two’s complement 
convention). 

The “zero flag” is set to a 


logic state of "I" if all the 
bits in the accumulator (or 
partial accumulator) are set 
to zero after certain types of 
operations have been 
executed. It is set to “0" if 
any one of the bits is a logic 
one after these same 
operations. Thus the "zero 
flag” can be utilized to 
determine when the value in a 
particular register is zero. 

The "parity flag” is set to 
a ”1” after certain types of 
operations with the 
accumulator (or partial 
accumulators) when the 
number of bits in the register 
that are a logic one is an even 
value (without regard to the 
positions of the bits). The 
"parity flag” is set to "0” 
after these same operations if 
the number of bits in the 
register that are a logic one is 
an odd value (1, 3, 5 or 7). 
The “parity flag” can be 
especially valuable when data 
from external devices is being 
received by the computer to 
test for certain types of 
“transmission errors” on the 
information being received. 


In its simplest form, a 
group of switches can 
be used as an input de¬ 
vice and a group of lamps 
as an output device! 


In addition to the full 
accumulator previously 
discussed there are six other 8 
bit registers in the Intel 8008 
computer referred to as 
“partial accumulators” 
because they are capable of 
performing two special 
functions normally associated 
with an accumulator (in 
addition to simply serving as 
temporary storage registers). 
The full accumulator will 
often be abbreviated in this 
manual as "ACC" or “register 
A.” The six “partial 
accumulators” will be 
referred to as "registers B, C, 
D, E, Hand L." 




Registers B, C, D, E, H and 
L of an 8008 are all capable, 
upon being directed to do so 
by a specific instruction, of 
either incrementing or 
decrementing their contents 
by one. This capability allows 
them to be used as 
"counters” and "pointers” 
which are often of 
tremendous value in 
computer programs. VMiat 
makes them especially 
valuable in 8008 architecture 
is that when their contents 

decremented the immediate 
results of that register will 
affect the status of the 
“zero,” “sign,” and “parity” 
flags discussed above. Thus it 
is possible for the particular 
contents of these registers to 
affect the operation of the 
computer during the course 
of a programs operation and 
they can be used to “guide" 
or modify a sequence of 
operations based on 
conditions found at the 
actual time a program is 
executed. 

It should be noted that 
registers B, C, D, E, H and L 
are capable of being 
incremented and 
decremented — but the full 


Fig. 9. Rotating the content of the accumulator. 
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accumulator - register A - 
cannot perform those two 

functions in the same in the 8008 computer CPU. 
manner. (The full These two registers can be 
accumulator can be used to directly “point” to a 
incremented or decremented specific word in memory so 
by any value by simply that the computer may 
adding or subtracting the obtain or deposit information 
desired value. There is not, in a different part of memory 
however, a simple increment than that in which a program 
or decrement by one is actually being executed, 
instruction for use with the The reader should recall that 
full accumulator of an 8008!) a special part of the central 
Two of the partial processor unit (CPU) termed 
accumulators, registers H and the program counter is used 
L, serve an additional purpose to tell the computer where to 


It has been said that the computer is the most versatile 
machine in existence and that its applications are limited 
only by man’s ability to develop programs that direct the 
operation of the machine. 


obtain the next instruction "register L” with the “low 
while executing a program, address” portion of an 
The program counter was address in memory, and then 
effectively a “double word utilizing one of a class of 
length” register that could commands that will direct the 
hold the value of any possible CPU to fetch information 
address in memory. The from or deposit information 
program counter is always into the location in memory 
used to tell the machine that is specified ("pointed 
where to obtain the next to”) by the "H” and “L” 
instruction. However, it is register contents. This 
often desirable to have the information flow can be 
machine obtain some from/to the location specified 
information — such as a "data in memory and any of the 
word” — from a location in CPU registers, 
memory that is not At this time it would be 
connected with where the beneficial for the reader to 
next instruction to be study Fig. 10. Fig. 10 is an 
performed is located. This expanded block diagram of 
can be accomplished by Fig. 2(b) and shows the units 
simply loading “register H” of the computer which have 
with the “high address" been presented in the 
(page) portion of an address previous several pages, 
in memory, then loading Until now no mention has 
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The computer’s great versatility comes about because the 
machine is capable of executing a large group of instruc¬ 
tions in an essentially limitless series of combinations. 


been made of how 
information is put into or 
received from a computer. 
Naturally, this is a very vital 
part of a computer because 
the machine would be rather 
useless if people could not 
put information into the 
machine upon which 
calculations or processing 
could be done, and receive 
information back from the 
machine when the 
operations(s) had been 
performed! 

Communications between 
the computer and external 
devices - whether those 
devices be simple switches, or 


transducers, or teletype 
machines, or cathode-ray- 
tube display units, or 
keyboards, or "mag-tape” 
and “disk” systems - or 
whatever, are commonly 
referred to as input/output 
operations and are 
collectively referred to in 
abbreviated form as “I/O" 
transfers. 

In the Intel 8008 
computer designs all "I/O" 
transfers are typically made 
between external "I/O ports” 
(which connect to external 
devices via appropriate 
electronic connections) and 
the full accumulator in the 


computer. This I/O structure 
means that a whole group of 
devices can be simultaneously 
hooked up to the computer 
and the computer used to 
receive information from or 
transmit information to a 
variety of devices as directed 
by a "program.” A special set 
of commands is used to 
instruct the computer as to 
which “I/O port” is to be 
operated at any particular 
instant. With appropriate 
programming it is then 
possible to have the computer 
“communicate” with a large 
variety of devices in an 
essentially "automatic” mode 
- for instance receiving 
information from a digital 
multimeter at specified times, 
then possibly performing 
some averaging calculations, 
and then outputting results to 
a teletype machine without 
human intervention. Or, in 
other applications - 
information from a human 
operator can be typed into 
the machine using a 
typewriter-like keyboard. In 
its simplest form, a group of 
switches can be used as an 
input device and a group of 
lamps used as an output 
device for the computer! 

However, a more 
sophisticated system used in 
many applications would be 
to use a teletype machine or a 
combination of a keyboard 
and a cathode-ray-tube (CRT) 
display attached to input and 
output ports to serve as the 
primary means of I/O. A 
person can thus type 
information on the keyboard 
which will pass it into the 
computer, and the computer 
can display the results of its 
operations on the CRT 
display (which can, inci¬ 
dentally, be made from an 
ordinary oscilloscope and a 
special CRT interface unit 
such as that described in Jim 
Hogenson's article in BYTE 

M). 

Perhaps the most 
wonderful and exciting aspect 
about a digital computer is its 
tremendous versatility. It has 
been said that the computer 


is the most versatile machine 
in existence and that its 
applications are limited only 
by man’s ability to develop 
programs that direct the 
operation of the machine. It 
is undoubtedly one of the 
best machines for allowing 
man to exercise and test his 
creative powers through the 
development of programs 
that direct the machine to 
perform complex operations 
that can not only control 
other machines, or perform 
calculations many times 
faster than humanly possible, 
but because it can be used to 
"simulate" or “model” other 
systems that it might be 
impractical to build for 
purely experimental 
purposes. Thus man can 
create a "model” in a 
computer program and 
actually "play” with the 
synthetic model without 
actually building the physical 
device! 

The computer's great 
versatility comes about 
because the machine is 
capable of executing a large 
group of instructions in an 
essentially limitless series of 
combinations — these series 
of instructions are stored in 
the memory bank(s) of the 
computer — and a new series 
of instructions can be placed 
in the memory bank(s) 
whenever desired. In fact, the 
memory bank(s) can often 
hold several completely 
unrelated "programs” in 
different sections and thus 
one can have a machine that 
performs totally unrelated 
tasks simply by pushing a few 
buttons and thereby directing 
the machine to start 
executing a new program in a 
different section of memory! 

The digital computer is 
capable of providing services 
to people from all walks of 
life! A person need only 
choose (or develop) programs 
and connect external 
instruments that will provide 
the capabilities desired. 

For instance, a scientist 
might put a mathematical 
calculator program into the 


Fig. 10. The block diagram of Fig. 2(b) filled in with the designations 
for an Intel 8008 computer. 
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The development of computer programs can be an extremely 
creative, exciting and personally rewarding pastime and 
offers essentially limitless ways to exercise one's creative 
capabilities.... 


computer's memory and use 
the computer as a 
sophisticated electronic 
calculator by using a 
calculator-type keyboard as 
an input device and a CRT 
display as an output device 
on which to receive the 
answers to complex 
mathematical calculations 
which the computer 
performs. After using the 
computer as a calculator fora 
period of time, the scientist 
might decide to utilize the 
same computer to 
automatically record data 
from instruments during an 
experiment. By simply 
putting a different program 
in the computer's memory 
and plugging some peripheral 
measuring instruments into 
the computer’s I/O ports, the 
scientist could have the 
computer periodically make 
measurements while he went 
out to lunch and save the 
results in its memory. After 
lunch the scientist could have 
the computer tabulate and 
present the data obtained 
from the experiment in 
compact form. Then, by 
merely putting a different 
program in the memory, the 
scientist could have the 
computer help him set up and 
arrange a "reference file” all 
sorted into alphabetical order 
or any manner that would 
enable him to use the 
computer to extract 
information far faster than a 
manually operated “paper file 
card" system. 

So the computer can be a 
valuable tool for a scientist; 
but, the same machine with a 
different program in its 
memory (and possibly 
different peripheral devices) 
could be used to control a 
complex manufacturing 
operation such as a plastic 
injection molding machine. In 
such a case I/O units that 
coupled to transducers on the 
injection molding machine 
might be used to relay 
information to the computer 
on a variety of parameters 
such as temperature of the 


plastic in the feed barrel, 
amount of feed material in 
the hopper and injection 
barrel, available pressure to 
the mold jaws and feed 
barrel, vacancy or filled status 
of the mold and other useful 
parameters. The computer 
could be programmed to 
analyze this information and 
send back signals to control 
the operation of heaters, 
pressure valves, the feed rate 
of raw materials, when to 
inject plastic into the mold, 
when to empty the mold, and 
other operations to enable 
the plastic injection system to 
operate in an essentially 
automatic mode. 

Or, a businessman could 
use the same computer 
connected to an electric 
typewriter, with a suitable 
program in memory, to 
compose, edit and then type 
out "personalized form 
letters” by directing the 
computer to insert paragraphs 
from a “bank of standard 
paragraphs” so as to form a 
personalized customer 
answering system that would 
handle routine inquiries in a 
fraction of the time (and 
cost) that it would take a 
secretary to prepare such 
letters. Or, the businessman 
might utilize the computer to 
help him control his 
inventory, or speed up his 
accounting operations. 

However, a computer that 
costs as little as the typical 
micro system does not have 
to be restricted to a business 
or scientific environment. 
The computer that can do all 
the types of tasks mentioned 
above can also be used to 
have fun with, or to perform 
valuable services, to private 
individuals. 

The computer can be used 
as a sophisticated electronic 


calculator by almost anyone. 
It can be used to compose 
letters (using an editor 
program) by virtually anyone. 
Programs that sort data 
alphabetically or in various 
other categories can be of 
valuable service to people in 
many applications. The 
computer can be used to 
monitor and control many 
household items, serve as a 
security monitoring system, 
be connected to devices that 
will dial telephones, and do 
thousands of other tasks. 

The electronic hobbyist 
can be kept occupied for 
years with a digital computer. 
For instance, one can build a 
little test instrument that 
plugs into a few I/O ports on 
the computer, then load 
programs into memory that 
will direct the computer to 
automatically test electronic 
components (such as complex 
TTL integrated circuits) in a 
fraction of a second! 
(Businesses can do this too!) 

Or a ham radio operator 
can put a program into 
memory that will enable the 
computer to receive messages 
typed in from a keyboard, 
convert the messages to 
Morse code, and then actuate 
an oscillator via an output 
port to send perfectly timed 
Morse code. In addition, the 
ham radio operator might use 
the computer with an 
appropriate program to serve 
as a “contest logging aid.” 


The “logging aid" would 
serve as an instant reference 
file whereby the operator 
could enter the calls of 
stations as they were worked 
and have the computer verify 
if the contact was a duplicate. 
The computer could do other 
tasks too, such as record the 
time of the contact by 
checking an external digital 
clock (or by utilizing a 
program that would enable 
the computer to be used as a 
clock within itself)! 

And, the computer can be 
used to play numerous games 
with, such as tic-tac-toe, 
checkers, word games, card 
games, and a large variety of 
other types of games that one 
can program a computer to 
perform. 

And perhaps most 
important — for the student, 
hobbyist, scientist, 
businessman, or anyone 
interested in the exciting 
possibilities of its applications 
- the contemporary 
microcomputer offers 
unlimited possibilities for the 
expression of individual 
creativity. For the 
development of computer 
programs can be an extremely 
creative, exciting and 
personally rewarding pastime 
and offers essentially limitless 
ways to exercise one’s 
creative capabilities in 
developing "algorithms” that 
will enable the machine to 
perform desired tasks! 


The electronic hobbyist can be kept 
occupied for years with a digital 
computer. 



The Micro-Sphere 200 Series computer is the most 
ADVANCED, low-cost computer SYSTEM available 
today. Together with a TV and up to three cassette 
recorders you can have big computer performance at 
a rock bottom price. 

The system features a 6800 type micro-computer 
with 4000 characters (4K Bytes) of internal Random 
Access Memory (RAM) Storage. The memory is easily 
expandable to 8000 total characters with the addition 
of an optional second 4K of RAM, with even more 
memory to be made available shortly. The 4K bytes of 
memory is equivalent to 6-8 pages of close typewritten 
material. 

Access into the Micro-Sphere is achieved by the 
keyboard or from cassette recorders. The computer 
can display information on a standard TV screen (option¬ 
ally supplied) or store information on a cassette recorder. 
The keyboard uses highly reliable keyswitches to 
insure user satisfaction. It is full alpha-numeric 
including an integrated numeric key pad.The cassette 
interface uses the "Kansas City" standard which means 
that you can use even the least expensive cassette 
recorders with your system satisfactorily though we 
suggest that you do use high quality tapes with your 
system. 

You may use your own TV without modification 
as the system display device, or you may purchase one 
from Sphere. 

The power requirement is a single 110 volt AC 
outlet. The unit uses less power than an ordinary 
100 watt light bulb. All fuses, jacks, switches* and 
interface signals are provided on an easy-access 
panel at the rear of the cabinet. 

The Micro-Sphere is supplied with a built-in 
loading program from cassette, which is in one 
of the several standard or optional Read Only 
Memory (ROM) Integrated Circuits (1C). 

ROM IC's are pre-programmed with specific non- 
eraseable information. This feature greatly reduces 
program loading time and inconvenience, ROM's also 
save valuable RAM storage. RAM’s lose all stored 
memory whenever the computer power is turned off, 
while ROMs retain all programs indefinitely. 

The Micro-Sphere is unique in that 16,384 different 
dots on your TV screen can form any number of pictures 
or designs which you have instructed your computer to 
display. These images can be changed by the computer 
program at a rate that appears as real-life movement, 
such as aircraft flight simulation, “walk-through" 
inspection of architectual mock-ups, time-lapse stock 
market graphic analysis, or even computer generated 
art forms, or space flight simulation where you can guide 
your spacecraft to the moon, planets or the universe. 

You can experience the thrill of rolls, dives, loops, 
near-collisions and other types of aerial maneuvers to 
out wit the Red Baron in your Sopwith Camel and then 
the excitement of a victorious landing as you crash at 
the end of the approaching runway. 

This same 128 row by 128 column dot matrix can 
form an alpha-numeric display of up to 16 lines by 
21 characters. An optional graphics input device 
(Mouse) digitizes hand movements when moved about 
on a flat surface. The "Mouse" has a window and 
crosshairs, so it may be used for the accurate entry 
of maps or other graphic data. 


The mouse may also be used in the place of a joy stick 
for flight simulation or to enter hand movements for 
ping-pong or other games of skill. 

Sphere Corp. has included in the basic price of 
the Micro-Sphere 200 the Monte Carlo games package 
on cassette, which allows you to play blackjack, 
roulette, and other games just for fun. 

The Sphere Cassette Operating System (SCOS) 
is supplied on tape and provides Assembler, Edit, 
and Debugging functions to the computer when read 
in to RAM from the Cossette. Sub-routines for floating 
point and trig functions are included in the SCOS cassette 
and may also be purchased as an option in ROM. Sub¬ 
routines ate included in SCOS which provide all nec¬ 
essary alpha-numeric character generation for your 
TV using approximately 400 bytes of RAM. An 
optional character generator ROM can be purchased 
to reduce RAM usage to 50 bytes. SCOS also supports 
file handling. 

If the second 4K of RAM is purchased the macro 
facility of the assembler is then available as an 
extended aid to help you in the development of your own 
programs. The second 4K of RAM will also allow you 
to read in extended Business Basic from cassette. 

This basic provides 16 digits of decimal accuracy and 
extensions for business use. This Business Basic can 
make use of the Floating Point ond Trig Package in 
RAM or ROM to expand its capabilities into the 
engineering field. The Business Basic and Trig 
Packages are available in ROM, which leaves all 
of the RAM storage available for applications written 
in the Basic Language. This is a concept for which 
you may poy $9,000 to get from on IBM 5100 
computer. 

One Cassette recorder is sufficient to do everything 
by simply changing tapes. Multiple file handling such 
as inventory control, pay roll, and general ledger 
processing etc. will be more convenient if two or 
even three cassette recorders are used. For example 
tape *1 may contain the last year-to-date accumul¬ 
ation file, tape ^2 may contain the present pay period 
account, while tape ^3 is used to combine tapes * 1 
and *2 into a new year-to-dote accumulation master 
file. The second and third Cassette Interface options 
are available for those who require them. 

In the near future. Sphere will release a Program¬ 
mable Input/Output Controller for use with printers, 
disxs, and other input/output devices. 

The attractive two-tone case is made of mar- 
resistant high impact plastic designed to fit any modern 
decor. Additional strength and protection to components 
is provided by an internal metal chassis. 

The unit is designed to operate in a normal home 
or office environment without any extra care. The 
Micro-Sphere is the product of many years of exper¬ 
ience in the micro-computer field, providing a tremen¬ 
dous amount of power and capability in the smallest 
space-it requires only a small desk with space left over, 
and it comes fully assembled and tested—ready to use. 
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PRICES FOR MICRO-SPHERE 200 WITH OPTIONS 


No. 

Description 

Price/Each 

Total 

200 

200A 

200B 

200C 

MICRO-SPHERE 200 - SYSTEM PRICE INCLUDES “A“ ITEMS BELOW 

- 6800 type Micro-Processor unit 

4K of Memory (RAM) 

Cassette Loading System (ROM) 

Sphere Cassette Operating System (SCOS) Cassette i time license fee® $137.50 
Includes Floating Point and Trig Package Cassette copy® 12.50 

"A" ITEMS Monte Carlo Games Package (Cassette) 

First Cassette Interface 

128 by 128 B&W Dot Matrix Graphics Display 

Alpha-Numeric Keyboard 

Attractive Mar-Resistant Plastic Case 
- Operators Manual 

OPTIONS AVAILABLE THROUGH FACTORY INSTALLATION. 

* To install options after purchase is $35.00 per shipment to our plant. 

‘ Second 4K of memory (RAM) 

■ Character Generator (ROM) 

1 - Second Cassette Interface 

I Extended Business Basic (ROM) 

"C" ITEMS Includes Business Basic Manual 

1 Floating point & Trig package (ROM) 

'- Third Cassette Interface 

OPTIONS FOR PURCHASE NOT NEEDING FACTORY INSTALLATION. 

Extended Business Basic on Cassette (Requires 2nd 4K of RAM and 

Character Generator in ROM.) Includes Business Basic Manual, 

Floating Point & Trig Package 

9" TV for use with Micro-Sphere 200 

"Mouse" Graphics Input Device (Available in May 1976) 2 ea. 

Operators Manual (SCOS) 

Business Basic Manual 

Maintenance Manual 

Empty Cassette Topes 3 for 

INCLUDES MICRO-SPHERE 200 PLUS ALL OF "A" ITEMS ABOVE 

INCLUDES MICRO-SPHERE 200 PLUS ALL OF "A" & "B" ITEMS ABOVE 

INCLUDES MICRO-SPHERE 200 PLUS ALL OF "A" & "B u & “C“ ITEMS ABOVE 

EVERYTHING IS IN ROM II 

ALL UNITS ARE COMPLETELY ASSEMBLED AN 

S 860.00 

$150.00 

$10.00 

$180.00 

$25.00 

$50.00 

$400.00 

$130.00 

$50.00 

$100.00 

$150.00 

$150.00 

$10.00 

$10.00 

$40.00 

$10.00 

$860.00 

$1065.00 

$1695.00 

D READY TO USE 

$ 860.00 

Incl. 

Incl. 

$180.00 

$25.00 

$50.00 

$400.00 

$130.00 

$50.00 

$100.00 

$150.00 

$150.00 

$10.00 

$10.00 

$40.00 

$10.00 

$860.00 

$1065.00 

$1695.00 

II 

I MICRO - SPHERE ORDER FORM j 

Item 

Description 

Quantity 

Price/Each 

Totol 

1 







2 







3 







4 







STR 

STA 

CIT 

PHC 

BAf 

SIG 

SPH 


A. Item Purchase Total 



please print clearly 

EET 

B. Utah Residents add 4.75% tax 



C. Postage, handling,shipping 



TE 

D. Full Warranty = 10% of A. 




E. Order Total 


' 

STATE ZIP 

ONE NO. 

F. Down Payment = 25% of E. 



JK CARD NO. 

G. COD Balance 



SPHERE generally offers 60-90 day delivery on its pro¬ 
ducts, however, parts availability may delay delivery beyond 

NATURE Orders may be cancelled after 120 days without penalty 

ERE CORP. 791 South 500 West, Bountiful, Utoh 84010 Tel. (801) 292-8466 10dellver,hspraduct - ln,raduc,of >' 





by 

C. Warren Andreasen WA6JMM 

P.O. Box 8306 

Van Nuys CA 91409 


A Versatile TTY Generator 



A short time ago, an old nifty little unit which is inex- useful test generator, but may 

Model 15 Teletype pensive to build and yet will also be expanded into a corn- 

machine was, so to speak, left print every key and function plete transmission system 

on my doorstep. I wanted to on the Teletype machine. Not with memory, 

see it do something, and was only will it print a test The heart of the system is 
not satisfied with pounding pattern testing all figures and a data selector (IC-5), and 

on the keyboard. Since I did letters, but it will also take an counter (IC-2&3). The data 

not have the proper terminal input from an external selector has eight inputs and 

unit and receiver combination source, such as a memory one output. The output is 

to copy off the air, I asked device, and will generate connected to any one of the 

myself what kind of a simple useful TTY signals. With a inputs, and the selection is 

test device could be made simple interface, this unit done by the BCD code 

that would make the machine may be run directly from a applied to the selection 

print. I set to work thinking solid state keyboard. inputs. If the BCD code 000 

that an RY generator should The scope of this article is applied, the output is con- 
not be too hard, but much to will be to present a basic TTY nected to input X0. If the 

my surprise I came up with a generator which is not only a BCD code is 100, input XI is 



selected, and so on. The 
counter is an eight bit 
counter consisting of a 
CD4024 7 stage counter, and 
Vz of a CD4013, adding the 
8th stage. This counter is 
stepped by the output of an 
oscillator which steps the 
counter every 22 ms (refer to 
Fig. 1). The first three stages, 
Q1, Q2 and Q3, are con¬ 
nected to the selection inputs 
of the data selector, causing 
the output to scan each input 
at a rate of one input each 22 
ms. The inputs of the data 
selector are wired so that X0 
is always low, XI is always 
high, and X7 is always low. 
This leaves inputs X2-X6 
open for data. For ease of 
explanation, we will assume 
the open inputs are low, the 
counter has been sitting, 
reset, at count zero. Input X0 
is selected causing the output 
of the data selector to be low 
(mark). The oscillator and 
counter are enabled and 22 
ms later input XI is selected 
causing 22 ms of high (space), 
the start pulse, to be output. 
Since the next five inputs are 
low (assumed) the next 110 
ms (5 ,x 22 ms) will be low 
(mark). Now the 8th input is 
selected and it is always low. 
If the circuit as described 
were allowed to continue to 
run, each cycle would consist 
of 22 ms of space and 154 ms 
of mark. If this were applied 
to a Teletype machine, the 
repeated LTR function would 
be observed. If the five 
(X2-X6) data inputs were 


Fig. 1. 






COUNTER 





INPUT SELECTOR 

Fig. 2. *Note: Terms EX 1-EX5 have no source, but are provided as inputs for external data, or switches. 


connected to switches so that 
a high or low could be placed 
on each input, each combina¬ 
tion of the switch settings 
would produce a different 
character or function. Going 
a step further, we will now 
connect each of the five data 
inputs to one of the five 
remaining counter outputs 
(Q4-Q8). As can now be 
observed, each pass, or scan, 
of the data selector will have 
a different combination of 
data for the five data bits. 
Again, if this were applied to 
a Teletype machine, it would 
be observed that each full 
cycle would consist of every 
key (every code) being “hit" 
once. Some of these 
characters would be upper 
case, and some lower. It is 
desirable to have all upper or 
all lower case characters, and 
if counter outputs Q4 and Q6 
are interchanged, we will get 
this. As described, the print¬ 
ing would be all upper case 
(since the letters function is 
followed by the figures func¬ 


tion). If all five bits are 
inverted, all will be lower case 
because figures is now 
followed by letters. 

To select which polarity of 
signal is sent to the data 
selector from the counter, 
each bit is passed through an 
"Exclusive OR” gate, which 
will be used as an invert select 
function. The counter bit 
goes in one input, and the 
control signal in the other. If 
the control input is high, the 
gate will invert and the print 
will be all letters. If the con¬ 
trol input is low, the gate will 
not invert and all figures will 
be printed. Now there are 
two selectable patterns con¬ 
sisting of all letters (entire 
alphabet), or all figures. In 
both patterns there is a 
carriage return and a line feed 
so the paper does not over¬ 
print, but since there is no 
delay after a carriage return, 
some machines will print the 
first letter of the line before 
the carriage has fully 
returned, causing a single 


character overprint. 

To add the final touch to 
this circuit, a data selector 
will be used to select the data 
source. If the control signal is 
low, the five inputs, which 
can come from anything from 
static switches to memory, 
will be selected. If it is high, 
the internal test pattern data 
are selected. Also added will 


be a selectable inverter on the 
TTY output so mark high or 
mark low may be selected, 
and also a simple ASFK 
oscillator and audio amplifier. 

When built with the values 
shown, this circuit will pro¬ 
vide audio tones of 2125 Hz 
and 2975 Hz, and will drive a 
loudspeaker to ear-splitting 
volume. ■ 


Parts List 

IC-1 CD4011 RCA Quad 2 Input NANO Gate 
IC-2 CD4024 RCA 7 Stage Counter 
IC-3 CD4013 RCA Dual D Flip Flop 
IC-4 C04002 RCA Dual 4 Input NOR Gate 
IC-5 MCI4512RCA 8 Input Data Selector 
IC-6 CD4019 RCA Quad AND/OR Select 

IC-7 CD4011 RCA (SEE IC-1) 

IC-8 XR2207 EXAR Voltage Controlled Oscillator 
IC-9 LM380N NAT Audio Amplifier 
IC-10 CD4030 RCA Quad Exclusive OR 

IC-11 CD4030 RCA (SEE IC-10) 

R1-R2 100k V. Watt Resistor 

R3-R4 50k Variable Resistor 

R5 10k Variable Resistor 

R6 Ik Variable Resistor 

R7 47k '/« Watt Resistor 

R8 470k % Watt Resistor 

R9 3.9k % Watt Resistor 

RIO 5.1 k % Watt Resistor 

C1-C3 1 mF 16 volt Capacitor 

C4-C6 .01 mF Disc Capacitor 

C7 100 mF 16 volt Electrolytic Capacitor 
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•tides (many of 


Company. My Computer Likes Me is 
written as a simplified approach for 
rank beginners, and seems aimed at 
the secondary school user with a 
classroom terminal. The approach is 
friendly, informal and light, with 
plenty of examples to show every step 
of the way. Only the fundamentals of 
BASIC are covered, with a demonstra¬ 
tion of mathematical modeling to 
predict population. For a student with 
an innate fear of the computer and 


i their weird new 


My Computer Likes Me (when I speak 
in BASICI by Bob Albrecht. Dymax, 
Box 310, Menlo Park CA, 64 pp„ 
S2.00. 


simple text is perfect to break down 
BASIC (A Self-Teaching Guidej 


textbook. But no manufacturer's 
reference book takes the time to start 
a new programmer off on the right 
track without major confusion - 
unless perhaps he's a genius. For a 
timid user. My Computer Likes Me 
would be ideal as an appetizer, but 

BASIC (A Self-Teaching GuideI pro¬ 

vides a main course for the hungry 


What to Do After You Hit Return (or. 
PCCs First Book of Computer 
Gemesl. People's Computer Company, 
Menlo Park CA; 158 pp. 

Computers are fantastic toys, and 
the best thing about them is that they 
can be made to do so many different 
things, so you never really get bored. 


you're so inclined, but the hardware is 
half the fun, right? 

What to Do After You Hit Return 
is big and attractively put together on 
giant pages that stay open on the 
table. It's the software equivalent of a 
barrel of monkeys. See why most 
colleges find that most of their com 
puter time is spent playing gamesl 

Games. Tricks and Puzzles for a Hand 
Calculator by Wallace Judd. Dymax. 

Box 310, Menlo Park CA 94025, 91 

pp„ S2.95 + .50 postage and handling. 

Even when I read old "fun with 
math" books I didn't think mathe 
matics was fun. Now I know what was 
missing. This book updates the old 
« by ui 
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Dayton HAMVENTION 


SAME LOW PRICES 


April 23-24-25, 1976 


• Fabulous PRIZES 

• GIANT Flea Market 

• Exhibits 

• New Products 

■ Technical Sessions 


• ARRL and FCC Forums 

• Special Group Meetings 

• Ladies Programs 

• Awards 

• Transmitter Hunts 


GRAND BANQUET Saturday Evening (Special Prizes) 


if you have registered within last 3 years you will receive 
a program and information brochure to be mailed March 8. 


For special motel rates and reservations call (513) 277-1325. 6 to 10 RM. EST. 

Write Dayton HAMVENTION, P.0. Box 44, Dayton, OH 45401 for information. 

See You at the World's Largest Ham Convention 
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student, punctuates the ti 


BASIC (A Self-Teaching GuideI by 
Robert L. Albrecht, LeRoy Finkel, 
and Jerald R. Brown. Wiley. New 
York; 324 pp„ S3.95. 

The most popular computer 
language for both small systems and 

time-sharing is BASIC. It is a powerful 

language, yet easy to learn, and is fast 
being adopted as the standard 
language for hobby computer program 
exchange. The computer novice who 


different in scope and approach, 
though both are authored by Bob 
Albrecht of the People's Computer 


probably want to obtain a BASIC 
operating system for his computer, as 


sophisticated capabilities of BASIC, 
such as matrix arithmetic and string 
(character) operations, a 
introduced. After comple 
the student should feel < 


h BASIC ar 


practice on, and th 
BASIC that different 


Especially with this book, which 
includes fifty different games you can 
play on a computet that speaks 
BASIC. These were developed on the 
Hewlett-Packard 2000 minicomputer 
system, and the programs were all 

tested by H P personnel. Many have 

been circulating for years; some are 

quite recent. 


25th Anniversary — 1952/1976 I 

work. Suddenly math it 


Tricks, i 
simple m 


They are c 




lar computer games 
Rules are explained, ! 
shown, and In most 
listings are included (ii 
can be played withou 


st other popu informatior 

imple runs are to the puzzles are in bai 
ases. program explanations of how 
BASIC). Most Impress your friends. \ 
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by 

Jon Matthews WB0FKZ 
Box St 302 
Augustana College 
Sioux Falls SD 57102 


Chariots of the Hams? 


A nyone who is aware of realizes the enormous engi- of the ancient civilizations 

the history of mankind neering capabilities that some held. Both the Greeks and 



Professor C. Q. Flugalsnort (alias Dan WNtfOZW), crack archeologist, checks out an obviously 

primitive ham rig at the digging site. 


Romans devised ingenious 
inventions to benefit their 
respective cultures. 

But of course we all know 
that they weren't so advanced 
as to allow a citizen of 
Athens to jump into his 
chariot and key up the local 
repeater mounted on the 
nearby Parthenon. And we all 
know that it would be stupid 
to expect to find an FET 
stuck in one of the hoofs of 
the Trojan Horse. That would 
be just plain dumb, wouldn’t 
it? Or would it? Better wait 
to decide until you've read 
this story of an ancient civili¬ 
zation that may have some 
lessons for all amateurs! 

It all started one clear fall 
afternoon as our college ham 
club was holding its annual 
transmitter hunt and 
“refreshment hour.” One of 
the guys had already found 
the transmitter — hanging 
from a shower nozzle in the 
fifth floor bathroom of the 
women’s dorm. Tracking 
down the transmitter hadn't 
been the toughest part of the 
hunt — retrieving it from its 
ingenious hiding place with- 



out getting caught was what 
took guts! 

But anyway, it turned out 
that two of our club members 
had started their personal 
“refreshment hour" a few 
hours before the hunt even 
started, and had somehow 
ended up sauntering through 
a field some 10 miles away 
from the transmitter. Upon 
returning to the festivities, 
they claimed that they had 
been led astray by some freak 
harmonics from the airport 
VOR. But we knew better. 
To make matters even more 
ridiculous, they claimed to 
have tripped over a mike cord 
coming right out of the 
ground! 

That's right - right out of 
the ground! 

“Sure,” we all said, having 
a nice chuckle over this bit of 
QRM. But the guys kept 
insisting that they were 
telling the truth, and pretty 
soon the refreshment hour 
had been in progress long 


enough for everyone to want 
to take a look at this place. 
Needless to say, we tied up 
the repeater with talk of this 
on the way out to this field, 
and also needless to say, 
every other guy in town 
listening thought we were 
nuts. 

But sure enough — coming 
right out of this field was a 
mobile mike and coiled cord. 
We quickly checked the club 
records to see if we had ever 
had a party out here; no, we 
hadn’t. (The possibility of a 
rig getting buried at one of 
our club parties wasn’t to be 
overlooked, although I don’t 
think this is what they were 
talking about in the recent 73 
article on underground radio 
transmissions.) 

The whole thing was so 
darn funny that pretty soon 
we had half the hams in town 
tromping around in this field. 
Shortly, one of the guys 
tripped over something about 
30 yards away from the mike 




F/ugalsnort (note puzzled expression on face) checks out 
mobile mike coming right out of the ground. 


Ham scuba diver from our college ham dub pulls "fossilized" 
2 meter beam out of take. Was there an ancient civilization of 
ham operators, and if so, did they disappear because of 
incentive licensing? 


cord coming out of the 
ground. We all ran over. 

"Darn if that doesn’t look 
like a two meter beam,” he 
said, “but it looks like it’s 
fossilized!" 

Well, we all had a good 
laugh over this obvious prank 
and headed home to recharge 
our hand-helds and finish the 
“refreshment hour,” which 
by now was becoming some¬ 
thing more like a “refresh¬ 
ment day.” 

I awoke bright and early at 
12 noon the next day to the 
ringing of the phone. On the 
line was Professor C.Q. 
Flugalsnort, our college’s 
crack archeologist. Prof. 
Flugalsnort had heard from 
somebody about the strange 
things discovered in the field 
the night before. I tried to 
explain that it all had to be a 
joke pulled by someone, 
because one just doesn’t find 


real fossilized two meter 
beams laying around in corn¬ 
fields. 

But Flugalsnort insisted 
that we had to go out and 
take a look. I agreed to meet 
him at the field, but just as I 
was leaving the phone rang — 
it was a member of the club 
reporting that scuba diving 
that day in a nearby lake he 
had come across another 
fossilized beam! Either some¬ 
body was going to an awful 
lot of effort to get some 
laughs, or we were really on 
to something strange. 

I rounded up the rest of 
the club and we headed back 
out to the field with an 
assortment of shovels. Not to 
pass up an opportunity like 
this, two members of the club 
were already drawing up pro¬ 
posals to submit to the dean 
for us to get a full class credit 
in archeology for digging up 





this field. (Which reminds me 
of the time I tried to get a 
class credit in physical educa¬ 
tion for hauling a 20 meter 
beam up a 75 foot tower 
alone; I deserved it. But that’s 
another story . ..) 

Anyway, Professor Flugal- 
snort met us at the field. 
Flugalsnort is the kind of guy 
who, if you ever saw him 
coming over your SSTV 
screen, would cause you to 
slap the side of your rig to see 
if something inside was loose. 

We dug around in the 
cornfield for awhile with 
Flugalsnort on his hands and 
knees certain that he was 
about to make the biggest 
archeological splash since 
he’d delivered his paper on 
the plumbing of ancient foun¬ 
tains before a Chicago con¬ 
vention. 

As he galloped around, the 
rest of us were having a diffi¬ 
cult time resisting some 20 
over S9 laughter. The two 
guys who had originally dis¬ 
covered the place had just 


confessed in whispers that it 
was their little joke on Flugal¬ 
snort all along. It seemed to 
the guys that a little comic 
revenge was in order on the 
professor after he had refused 
to let our club run antenna 
coax through his office win¬ 
dow pane back at school. 
Seems that he unjustly 
thought our rigs were causing 
him TVI problems at home 
(we checked it out), and to 
make matters worse, he even 
drilled the pane himself (just 
the right sized hole) and hung 
a sign over it saying, "NO 
COAX.” What a creep. 

Well, after digging a bit 
more we decided that we had 
had our fun and started to 
convince the professor to give 
it up. We had just about 
accomplished this when sud¬ 
denly one of our shovels went 
"clunk” on something in the 
ground. This was really funny 
because the guys hadn’t men¬ 
tioned anything about 
planting something else in the 
field. We were all too stunned 


to see the slight grin on 
Flugalsnort’s face as he 
slowly pulled a large and 


ancient-looking stone slab out 
of the ground with the draw¬ 
ing below on it... ■ 



Mysterious drawing on stone slab pulled out of ground at 
digging site. Does the fellow on the couch resemble a 
well-known ham editor from New Hampshire hard at work? 


WHY PAY MORE 
FOR ALTAIR MEMORY 

8,192-8 BIT WORD KIT 
ON SINGLE CARD 

$ 285.00 

• PLUG Dl RECTLY INTO 8800 
•8800 RUNS AT FULL SPEED 

• LOW POWER STATIC RAM 

• 100% INDUSTRIAL COMPONENTS 

• EASY INTERFACE TO HOMEBREW 

• 50/50 GOLD PLATED EDGE CONTACTS 

• EPOXY BOARD W/PLATED THRU HOLES 
•8K or 4K WITH EXPANSION 
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The PLL - EXPOSED! 


T he phase locked loop is not a new 
concept. But before integrated circuits, 
the PLL was an expensive and cumbersome 
device. Using vacuum tubes, chokes, and 
other "ancient” components, it was a mess. 

The simplest PLL consists of three 
internal units: a phase detector or com¬ 
parator, low pass filter and voltage con¬ 
trolled oscillator. They are connected in a 
loop (Fig. I). 

The Phase Detector 

A phase detector (also called comparator) 
monitors the frequency of its input. When a 
change in phase (therefore frequency) 
occurs, it will cause a corresponding change 
in Its output voltage. This change of output 
is immediate and linear. If we watch the 
output voltage we can tell if a frequency 
change was happening at the input. 

In the crudest form it can be an exclusive 
OR gate. Fig. 2 shows the inputs and 
corresponding outputs. (Sec July, 1975, 
“How Gates Work," for details on the 
exclusive OR gate.) The action of the RC 
network on the output yields the error 
voltage. 


The Low Pass Filter 

The action of a low pass filter is well 
known. Suffice it to say that PLLs have 
provisions for parts of the filter to be 
internal and others to be external. For 
example, the 565 chip has an internal 
resistor and external capacitor forming the 
filter. 

The Voltage Controlled Oscillator 

The VCO is a complex device. As the 
name implies, it is an oscillator. Its task is to 
change its output frequency when input 
voltages change, the opposite of the phase 
detector. The output frequency will increase 
as the input voltage increases. To do this, 
however, the input voltage must increase 
past a known value called the “threshold 
voltage.” The input is then known as the 
"control voltage." With no input it operates 
at a “free running” frequency (f D ) deter¬ 
mined by external adjustments. 

The Set Up 

Here is what happens. If the input fre¬ 
quency changes, the output of the phase 
comparator increases or decreases. This 


voltage change is fed through the filter 
which eliminates extraneous noises and 
passes the signal to the VCO. This change at 
the VCO input will alter the output fre¬ 
quency such that its value will be closer to 
the free running frequency. And the system 
goes 'round and 'round until the loop is 
locked on the incoming signal. Reinforce¬ 
ment takes place. 

In other words, we set the PLL to search 
for a certain frequency. When that special 
frequency is seen, the system works to keep 
it locked in. The error voltage is then zero 
and the PLL output goes low. (Does the 
name phase locked loop make sense now?) 

Obviously, the input source, whatever it 
is, is independent of the PLL, but the action 
is such that the signal we desire is there even 
if it disappears for short periods of time. It 
works as a “flywheel effect" docs. How long 
can it disappear and still have a locked 
condition? Or, to put it another way, how 
long does it take to realize the desired signal 
is there and lock on it? This is related 
directly to the natural frequency of the 
loop. The lower it is the longer the lock up 
time. It is therefore a function of the low 
pass filter. We adjust the filter for our 
conditions depending upon how fast our 
information is. If we are transmitting very 
fast information, we must have a fast lock 
up time. If the lock up time is loo great 
(meaning slow), we will lose too much data 
while our loop is taking its time locking up. 
Less information speed gives us a greater 
leeway. It’s a tradeoff. We want our filter as 
low as possible to exclude unwanted noises 
in our loop circuit, yet fast enough to keep 
all information intact. 



Fig. !. Phase locked loop. 
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Fig. 2. Exclusive OR gate as a phase 
comparator. 


When the input frequency (f s ) is close to 
the free running frequency (f c ), the VCO 
will synchronize and lock. But how close 
must they be? Just how large is this “capture 
range"? On most PLLs it is adjustable. It is a 
function of the input voltage, free running 
frequency and low pass filter. Equations for 
figuring capture range are given in PLL 
specs. Other names which are used are 
“acquisition range” and “bandwidth.” 

Once the loop is locked, how far can the 
input stray before it loses lock? This feature 
known as “lock range” is larger than the 
capture range. Once the loop is locked, the 
input can wander quite a way (relatively 
speaking) before the PLL will lose its grip. It 
is also called the “tracking” or “holding” 
range. The lock range is usually given as a 
percentage of the frequency. The larger the 
percentage, the further the input can move 
before the PLL unlocks. Again, very exact 
and easy equations are supplied in specs to 
compute the tracking range. 

As an example, we might design a PLL to 
look for a touchtone signal. We would keep 
in mind that the capture range must be wide 
enough to accommodate those signals that 
might be slightly off frequency but still 
narrow enough to prevent the wrong 
numbers from activating our device. 

Tracking range would not figure very 
heavily (again, relatively speaking) in our 
design as the tones must only be detected 
for a short time to be effective. 

Applications 

As we said before, the output dc level of 
the phase comparator is proportional to the 
frequency of the input signal at lock. As the 
frequency shifts, the signal to the VCO 
changes linearly. If we can track over a large 



area (about ± 60%) with linearity, we have 
FM demodulation. 

The 565 is a good PLL to look at (Figs. 3, 
3a). The free running frequency is deter¬ 
mined by f 0 = V* RiCt- It is adjusted for the 
center of the input signal frequency range. 
The 565 also has an amplifier to increase 
gain of the loop — a good feature. C3 
prevents unwanted oscillations by inhibiting 
any feedback to the power source. The 
reference voltage (pin 6) is a voltage close in 
value to the average dc output of the 
demodulated signal. By connecting it to the 
output we can lower the gain of the loop 
with very little loss of output amplitude. 
Since the lower the gain the smaller the lock 
range, we can decrease the lock range with¬ 
out leaving too small an output to use. 

C2 is the low pass filter capacitor. It is 
coupled with an internal resistor of 3.6k. 

Frequency Multiplication 

Frequency multiplication using PLLs is 
easier than you may suspect. There are two 
methods in use. The first requires that the 
PLL be set to look for an harmonic of our 
input. If we set the VCO for the second 
harmonic of a signal, the completed loop 
will lock onto it. For all intents we have 
multiplied a frequency. Of course we are 
limited to signals rich in harmonics. We are 
also held captive to the first few harmonics 
as harmonic strength decreases with 
harmonic number. Loop amplification is 
always used in this case. 

The second method is also not difficult 
but does require some extra equipment. 
Insert a frequency divider between the VCO 
and phase comparator. The divided VCO 
frequency is locked to the input. Therefore, 
the VCO is running at the multiple of the 
input frequency. The multiple depends upon 
the divider value. The frequency limits of 
the inputs must be taken into consideration 
with both of these procedures. (Fig. 4.) 

Frequency Synthesis 

PLLs have made low cost, compact FM 
frequency synthesis a reality. In its simplest 
state (Fig. 5), a multiplier is used at the 
input. The PLL is used as an adding device 
because it has a very important characteristic 
which others lack — stability. By setting the 
loop to stringent criteria, the output can be 
kept to close tolerances with accuracy. The 
input (f re f) reference frequency is supplied 
by a crystal oscillator. By adjusting a 
counter or similar divider we can select or 
“program” a choice of frequencies. The low 






Fig. 3a. 565 PLL as an FM demodulator. 

pass filter gets rid of the f 0 + f re f com¬ 
ponent which exists. 

I hesitate to give exact block diagrams of 
synthesizers as work still continues on their 
design. I have seen and used many good 
ones, both home brew and commercial. But 
all leave something to be desired. This is not 
meant to be a criticism but a push for all 
experimenters to improve on current 
designs. 

AM Detection 

PLLs can also be used for AM demodula¬ 
tion. By using a special VCO or RC phase 
shifter network and another phase com- 





Fig. 4. Frequency multiplication. 


Fig. 5. Frequency synthesis. 













Fig. 6. AM detection using second internal 
phase comparator. 



Fig. 6a. AM detection using external phase 
shift network. 


parator, we can demodulate amplitude 
modulation. Internal operation is shown in 
Fig. 6 where the VCO output of 90° is 
changed to 0°. Or as in Fig. 6a where a 
whole new phase shift network is used. The 
561 chip has an internal capability for AM 
detection along with its FM capability. 




With the basic knowledge of the PLL, C2 is part of the low pass Filter. For this 
let’s show how a touchtone decoder can be we use a graph supplied by the manufac- 
designed. turer. The graph in Fig. 10 shows bandwidth 

In order to fully design any system, all versus amplitude, 
available information is needed. In this case, Decide the bandwidth you desire; find 
only the sections of the spec sheet which are the input signal amplitude and pick off the 
necessary to this problem will be shown, value of foC2- The equation for bandwidth 
Keep in mind that a lot more data is is BW = 1070 x input voltagc/f 0 C2; for 

available to the user by the manufacturer. inputs not greater than 200 mV, f is in Ha 

The 567 PLL has shown to be ideal for and C is in mF. Again, trial and error may be 
touchtone decoding. Fig. 7 shows the easier than the arithmetic, 
layout. The “inside" view is given in Fig. 7a. If the input is 50 mV, f 0 C2 should equal 
As you may already know, each digit 4.1 x 10 3 (4100) for a bandwidth of 4%. 
delivers TWO tones simultaneously when Therefore, C2 would equal approximately 
pressed. Each row has a frequency and each 5.9 mF at 697 Hz. As we increase the tone 
column has a frequency. When a digit is values C2 would get smaller because 4% of 
pressed the two combine for our signal. A 1477 is larger than 4% of 697 Hz. 

frequency chart is given in Fig. 8. It is The next value is that of C3. It sets the 

therefore necessary to have two PLLs for band edge which attenuates spurious 
each digit. There are a total of seven outputs. Hence the name - output filter 
different tones. To decode the number "1” capacitor. If too small, it will allow fre- 
our PLLs must detect 697 Hz and 1209 Hz. quencics near the detection range to beat 
The circuit is shown in Fig. 9. against the output frequency and switch the 

The values of R | and C| arc figured first, output on and off. If too large, switching 
They determine the frequency of the loop, time at the output will be delayed as it 
The equation is f 0 = l/R-| C]. According to charges. By experience it turns out to be 

the specs, Ri should reside between 2k and equal to twice the value of C2 or a bit more. 

20k for best stability. In our case the top To make a touchtone decoder for all 
PLL will decode the 697 component, so digits use the same techniques shown here, 

good values might be R| = 6.8k and Cf = .1 You may want to trade off values to get an 

mF. To get the frequency right on the mark average capacitor so you don't go nuts 
(our values yield 680 Hz), a potentiometer buying seven different kinds. And, you may 
near the value of R) would serve nicely, decide to use only one value of rheostat for 
Since all components have tolerances trial R|, one that will satisfy all tones. Fine, no 
and error is the rule. problem. But if you run into trouble, these 

design notes will help you out. 



Fig. 9. Decoder. 


Fig. 10. Graph 
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Fig. I. Oscillator and ID , 


lion was that all parts be readily available to 
the hobbyist/amateur from usual sources. 
The final design was able to fulfill all the 
qualifications. 

Theory of Operation — Clock 

The simplest way to understand this 
circuit is to treat it as if it were a single 5314 
clock with the interfacing to drive common 
cathode LED displays. Complete details on 
this circuit can be found in the National 
Semiconductor MOS Integrated Circuits 
Book in the section covering the MM5314. 
The 60 Hz for time keeping and the 960 Hz 
for the multiplex frequency are obtained 
from the oscillator divider circuits. 

All inputs and outputs for both ICs are in 
parallel except the output enables (pin 1), 
the time setting pins (pins 13,14 and 15) and 
if desired the 12/24 hour select pin (pin 10). 
The output enable lines are used to enable 
the segment outputs from the desired chip. 
The resistors R)2 and R )3 act as pull 
downs, holding the not selected chip's 
output enable low and placing that chip's 
segment output in a non-conducting high 
impedance state. The output enable of the 
chip selected by S2 is either held high or 
pulsed high by the output of the ID timer. 
The multiplex timing signals for both ICs 
come from the same source, allowing the 
digit enables to function in unison. 

Theory of Operation — Oscillator-Divider 

The oscillator makes use of two inverters 
in the CD4060 to form a series resonant 
crystal oscillator. The 1M Ohm resistor 
limits the crystal drive voltage and the 4.75 
Ohm resistor provides the feedback. The 
capacitor, C3, gives the circuit phase lead 
allowing the crystal to operate at series 
resonance. The output of this oscillator is 
15.36 kHz, which is then fed into a 14 stage 
binary divider. The base frequency of 15.36 
kHz is divided by 2 s for 960 Hz, 2 s for 60 
Hz and 2 1J for the 3.75 Hz used in the ID 
timer. Grounding pin 12 allows the oscillator 
and counter to function continuously. Pin 
12 is the reset for the counter and shuts the 
oscillator off when it is pulled high. 

Station ID Timer 

The 3.75 Hz square wave from the OSC 
divider is fed into the input of a CD4040 
twelve stage binary divider. The outputs of 
the 2 7 , 2 s , 2 6 , and 2 12 stages are fed into 
one half of a CD4012 which acts as a 
coincidence detector. When 2160 pulses 
have been fed into the CD4040 there will be 
Is on the 2 s , 2‘, 2 7 , and 2 12 outputs and 
zeros at all other outputs. When this happens 
the output of the first half of the CD4012 
will go low, which is then inverted by the 
second half of the CD4012. A high level on 
the output of the second half of the CD4012 
sets the RS flip flop made up of two of the 
four gates in a CD4001. The Q output of the 
RS flip flop is now forced low and NORed 
with the output of the second stage of the 
CD4040, a .937 Hz square wave. When both 




Clock board. 



Fig. 2. Clock chip connections. *These connections are made to each chip separately — all 
other pins are in parallel. **See text for connection. ***Segment outputs: Pin 3/Segment 
A, 4/B, 5/C, 6/D, 7/E, 8/F, 9/G. ****Digit outputs: Pin 19/Digit N10, 20/HI, 21/M10, 
22/M I, 17/S10, 18/SI. 
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Fig. 3. Power supply. 


inputs arc low, the output goes high and is 
then inverted by the remaining quarter of 
the CD4001, which drives the output enable 
of the selected clock chip. The result is a 
.937 Hr. blinking in the clock display. Switch 
S| is closed to place a high on the reset 
input of the RS flip flop and the binary 
divider, which reset both of them. With the 
RS flip flop reset, the Q output is high, 
forcing the output of the NOR gate low, 


which is inverted and holds the selected 
clock chip output enable high until the cycle 
is repeated. Placing Si in the reset position 
inhibits the operation of the ID timer. The 
output of either NOR gate may also be used 
to trigger an audible circuit of some type. 

Power Supply and Filtering 

The power supply will take either 9-12 V 
ac or from 10-14 V dc for power. When 


neither is present the clock will continue to 
operate from the 9 V battery but the 
displays will not light. Diode D5 prevents 
the standby battery and filter cap C2 from 
being drained by the readouts. Capacitors Cl 
and C2, inductor 1, and zener diode D7 
form a filter network for the ac supply and 
also act as spike and over voltage protection 
circuit for operation from a 12 V automo¬ 
tive system. Diode D5 also prevents damage 
in case the power is connected in reverse. 

Construction is relatively straightforward 
using the printed circuit layouts. The use of 
two boards allows the clock to be assembled 
in a minimum of space and with only two 
jumpers on the clock board. The 17 inter¬ 
connections between the clock and readout 
boards also serve as bracing. 

The two 5314 clock chips are soldered 
together pin to pin with the exception of 
pins 1, 13, 14 and 15. If 12 hour operation 
is desired on only one chip, then it must be 
the bottom one. Pin 10 on the top chip is 
left unattached for 24 hour operation. For 
either dual 12 or 24 operation, pins 10 on 
both chips are soldered together. The trace 
to pin 10 is cut for dual 24 hour operation 
and left connected for dual 12 hour opera- 

Switch S 2 is a single pole double throw, 
while S| is a single pole single throw switch, 
as are the time setting switches. Power from 
the ac line comes from a wall plug trans- 

Thcrc are only two critical procedures in 
putting this clock into operation: adjusting 
the oscillator for 60 Hz and syncing the digit 
enables of the two clock chips. 

The oscillator can be adjusted by any of 
several methods: The 60 Hz can be beat 
against the line frequency, a scope set to line 
triggering can be used, and the frequency 
adjusted until a stable wave form is 
obtained, or a frequency counter can be 
used. If none of the above is available the 
clock can be run against a known standard 
and adjusted until it matches. 



Fig. 4. dock board (full size). 



Fig. 5. Readout board (full size). 
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How Accurate Is 
Your Counter — Really? 


B ut I can’t be off 
frequency by two kHz. I 
just calibrated my transceiver 
with my counter which was 
just set with WWV! This is a 
comment most often heard 
among hams operating 2 
meter repeater FM. The 
resulting dialogue indicates 
there is much mis¬ 
understanding among the 
ranks as to counter frequency 
accuracy, how a counter 
should be calibrated and the 
relationship with one’s 
transmitter output frequency. 
This article’s intention is to 
shed light upon the multiple 
ramifications involved in 
frequency counter 
calibration. 

A most likely starting 
point, therefore, is the 
counter time base oscillator. 
This usually is comprised of a 
100 kHz, 1.0 MHz, 5.0 MHz 
or 10.0 MHz crystal oscillator 
which may or may not be 
temperature stabilized with 
an oven. Typical time base 
accuracy may be as good as 


one part in 10,000,000 
(1/107) or less per 24-hour 
period. If measurements with 
reasonable repeatable 
accuracy are expected, the 
counter will require a mini¬ 
mum warm-up time of one 
hour with 24 hours’ time 
being recommended. If the 
counter is being calibrated to 
factory specifications, a 
24-hour period becomes mini¬ 
mum and 3 months is not 
unheard of. 

A laboratory-type crystal 
reference oscillator used to 
calibrate the basic time base 
oscillator in a counter gen¬ 


erally goes not reach its 
stabilized aging rate until a 
minimum "ON time” of 3 
months. This type of stan¬ 
dard has its complete 
oscillator circuit encased in a 
heavily constructed double 
oven (an oven within an 
oven). The typical size of 
such an oven may be as small 
as 8” long and 3” in diameter 
and ovens twice this size are 
quite common. Such oscilla¬ 
tors, when calibrated against 
WWVB or WWVL, 60 kHz 
and 20 kHz, respectively, 
have accuracies as great as 
one part in one hundred 


billion (1/IOH), with 1/1010 
being typical in a metrology 
laboratory. 

The transmitted accuracy 
of the N.B.S. (National 
Bureau of Standards) WWV 
transmission from Boulder, 
Colorado is 1/1010, one part 
in ten billion. Because of 
signal path distortions, 
however, the accuracy is 
degraded by about two orders 
of magnitude or possibly 
more. This is known as “The 
Doppler Shift.” The received 
accuracy is now 1/10^ or less. 
Under the most optimum of 
receiving conditions and using 
the best calibration 
techniques, including an 
overall time period of 6 
weeks for the daily 
corrections of the crystal 
oscillator frequency, one 
could achieve a counter time 
base accuracy of one part in 
1C)7 or .00001%. 

Reference laboratories on 
the other hand do not use the 
WWV transmission 


A comment quite often heard by lab tech¬ 
nicians and radio amateurs contains the 
following substance: “I have the audible 
capability to zero beat a signal emanating 
from the speaker of my receiver.” If this is 
so, then these individuals have indeed been 
endowed with a very special human 
ability... 




frequencies of 2.5, 5.0, 10.0 
or 15.0 MHz because of the 
limited accuracies available. 
The low frequency 
transmissions of WWVB and 
WWVL are used as they are 
not subject to the same types 
of transmission frequency 
distortions. In addition they 
can be and are transmitted 
with much higher accuracies. 
The transmitter oscillators of 
WWVB and WWVL do not 
use crystals. They are 
controlled by atomic 
references. 

The Cesium Beam 
standard is an atomic 
resonant device which 
provides access to one of 
Earth's invariant frequencies 
in accord with the principles 
of quantum mechanics. It is a 
true primary reference and 
requires no other reference 
for calibration. A cesium 
atomic beam resonator 
controlled oscillator is used 
and is the nation’s primary 
frequency reference. The 
accuracy of transmission is 
1/1013, one part in ten 
trillion. 

Time and frequency are 
intangible quantities which 
can be measured only with 
respect to some physical 
quantity. The basic unit of 
time, the second, is defined as 
the duration of 
9,192,631,770 periods of 
transition within the cesium 

The transmissions of 
WWVB on 60 kHz are 
intercepted on receiving 
equipment of very narrow 
bandwidth, usually a few Hz 
wide. The time interval 
between a local reference 
oscillator and the frequency 
of WWVB are compared 
minute by minute on a strip 
chart recorder which records 
the phase differences. The 
resolution of this comparison 
is typically 1 us. One part in 
1010 takes 104 sec. to 
achieve a 1 usee, error 
(somewhat less than 3 hours). 

The transmission of 
WWVB is coded in the binary 
coded decimal system. The 
characters are formed by 


One does not expect the average ham either 
to possess the accurate equipment usually 
found in a metrology laboratory or to apply 
the techniques necessary for such accuracy. 
The awareness that such equipment does 
exist, however, sheds light upon what is 
required to make accurate calibrations ... 


variations of the carrier in ± 
10 dB levels. This presents 
time-of-year information each 
minute: the minute, hour, 
day of the year and the milli¬ 
second difference between 
the broadcast signal and UT2 

Universal time, defined as 
UT time, is the time of day 
on earth. UT time varies with 
the variations of the earth’s 
rotation. UT2 time is one of a 
number of offset times used 
to correct for seasonal 
variations in the earth’s 
rotation. These variations are 
caused by displacement of 
matter in and over the earth’s 
surface. 

Other devices of interest as 
frequency standards are the 
Thallium beam, the Ammonia 
maser, the Hydrogen maser 
and the Rubidium gas maser. 
The Rubidium vapor 
reference standard uses a 
passive resonator to stabilize 
a quartz oscillator. It is 
considered a secondary 
standard because it must be 
initially calibrated against a 
primary standard such as a 
Cesium Beam. Once adjusted 
and sealed, the frequency 
remains superfinely stable 
and the frequency accuracy is 
within parts in 1212. 

The crystal oscillator, 
although not the most stable, 
is still the most economically 
available to the ham. It is also 
compact in size and fits easily 
into the geometry of a 
compact frequency counter. 
The frequency counter does 
have a number of inaccuracies 
and the crystal reference 
frequency oscillator is the 
major one. 

The crystal is the time 
reference base for a divider 
chain which basically sets up 
start and stop trigger pulses in 
the counter. The counter has 
a number of these, 1 Hz, 10 
Hz and 1 kHz being typical. 
Besides the time base 
inaccuracy there is also an 
inherent trigger error which 
causes a ± 1 count in the 
readout. The crystal when 
first turned on has a large 
drift error. This is overcome 


by use of an oven and a 
warm-up period. Thereafter 
the crystal has an aging rate. 
This is a constant periodic 
upward change in frequency 
with time. All crystals have it 
After about 90 days of ON 
time this rate becomes quite 
predictable and can be 
compensated for if the 
oscillator is equipped with a 
dial capable of a 1,000 to 1 
or better resolution. On the 
finer laboratory oscillators 
this vernier readout can be 
related to time in 
microseconds. 

The average ham is most 
apt to set up the counter’s 
reference oscillator by zero 
beating the counter's time 
base reference oscillator 
against WWV's high 
frequency transmissions. This 
is generally performed aurally 
after a warm-up period of 1-5 
hours. Most often, the 
inexperienced ham may wind 
up by beating against the 
audio of the transmitted 
signal in which case the 
crystal will be set to the 
wrong frequency. WWV 
usually uses 440 Hz for a 
period during the hour, then 
shifts to 600 Hz. If the 
oscillator has been zero beat 
to one of these, the error will 
become apparent when the 
modulation frequency is 
changed as the apparent zero 
beat will have disappeared. 

A comment quite often 
heard by lab technicians and 
radio amateurs contains the 
following substance: "I have 
the audible capability to zero 
beat a signal emanating from 
the speaker of my receiver." 
If this is so, then these 
individuals have indeed been 
endowed with a very special 


human ability, especially 
when one considers that the 
human ear cannot hear 
frequencies below 30 Hz 
regardless of their amplitude. 
This also brings into view the 
necessary unusual hi-fi 
characteristics required of the 
receiver’s output transformer 
which probably does not 
respond below 100 Hz — to 
say nothing of the speaker 
response. What one actually is 
hearing is a difference in the 
amplitude in the noise 
frequencies accompanying 
the signal. 

One does not expect the 
average ham either to possess 
the accurate equipment 
usually found in a metrology 
laboratory or to apply the 
techniques necessary for such 
accuracy. The awareness that 
such equipment does exist, 
however, sheds light upon 
what is required to make 
accurate calibrations. It, 
therefore, follows that if it is 
not practical for the amateur 
to make time interval 
measurements on the time 
base generator of a counter 
and the follow-up corrections 
in time and frequency, then it 
also is not reasonable that the 
amateur expect to have time 
base frequency accuracy to 
within 1/10 7 . A more 
reasonable accuracy level can 
be expected by following cer¬ 
tain ground rules. Allow a 5 
hour minimum warm-up time 
if the equipment uses an 
oven, 1 hour if not; the time 
base generator (crystal) 
should be calibrated by use of 
a null detector against one of 
WWV's higher frequency 
signals, and the intended 
measurements with the 
counter be executed as soon 



thereafter as practicable. 
Expected accuracy will be in 
parts per million or slightly 
better of the WWV referenced 

frequency. 

A recommended 
procedure that affords quite 
good zero beat capability and 
is readily available to most 
radio amateurs is as follows: 

1. Tune in the WWV 
frequency to be used. The 
reception of the signal should 
be free of fading. 

2. The oscillator signal to 
be calibrated should be 
coupled so that its amplitude 
closely equals that of the 
incoming WWV carrier level. 

3. Zero beat aurally as 
closely as possible, then 
continue refining the 
adjustment while observing 
the receiver “S" meter 
indication. As zero beat is 
achieved the "S" meter will 
reach either a maximum or 
minimum stabil ized 
indication. This reading will 
be maximum if both signals 
are of the same phase 
relationship or minimum if 
the phase is out by 180 
degrees. It is of little concern 
which is obtained just so the 
meter needle has stabilized its 
position. 

If the crystal is of high 
stability quality and is in an 
oven, one might want further 
refinement in the long-term 
stability capability. In such 
case it will be required that 
the crystal oscillator be left 
on continuously. Further 
refinements in the zero beat 


setting will be required each 
24 hours, first to correct for 
the initial phase error setting 
and then to correct for the 
crystal aging rate. These 
further refinements could 
result in parts in 10? 
accuracy. 

Note: For long-term 
stability a 1.0 MHz or higher 
crystal is recommended. Zero 
beat becomes more difficult 
the higher the WWV 
referenced frequency. This 
follows because the 
resolution of adjustment is 
reduced and you are working 
to a finer tolerance. 

Assume that the received 
signal is accurate to 1 part in 
a million (± 10‘6) and that 
the adjustment you have just 
made was set to zero beat 
with ± 10-6 of the received 
signal. This will produce a 
short-term accuracy of ± 
2/106 Hz. Therefore one can 
set a 147.00 MHz transceiver 
frequency to an accuracy of ± 
294 Hz depending on which 
side of the WWV carrier 
frequency you are zeroed in 
on. This accuracy will decay 
with time elapse between the 
act of calibration and use of 
the counter. 

The above happens to be 
the hard core truth and 
should start spinning the 
mental wheels of those who 
wonder why they are 2.0 kHz 
off the center of the repeater 
bandpass. 

For the ham fortunate 
enough to have the means to 
perform more accurate 


measurements, the following 
is supplied. 

1. Counter minimum ON 
time: 90 days. 

2. Compute oscillator drift 
rate for single measurement 
spans. The average fractional 
error of frequency is equal to 
the fractional time error 
which is given by: 

Af _ t2 - ti 
f T 

Where 

Af _ Average frequency 
f error. 

ti = Initial time comparison 
reading. 

12 = Final time comparison 
reading. 

T = Elapsed time between 
readings. 

Example (Time com¬ 
parison reading at 9 am May 
1 = 4.64 ms. A reading on 9 
am May 4 = 1.70 ms.): 

M_ 4.64 ms - 1.70 ms 
f 3 days X 

1 day _ 2,94 

8.64x107 3x9/74x107 

_ 29.4 1.19 

25.92x106 106 ° r 

1.19/106 


That is, the average oscillator 
error during this period (or 
assuming a constant 
frequency drift, the 
instantaneous error at 9:00 
am on May 2) is 1.19 parts 
per million high. The average 
frequency of the oscillator 
during this measurement 
interval is given by: 



Where 

f av = Average frequency. 

f nom. = Normal Oscillator 
frequency. 

Y~ = Average frequency 
error. 


Thus, continuing with the 
above example and an 
oscillator with a nominal 
frequency of 1.0 MHz, 


1,000,000.119 Hz 


Using this method of 
continuous corrections and 
recording continuous data 
one is able to iron out the 
propagation anomalies of 
WWV and approach a 
precision better than 1 part in 
10 8 . Now with this 
background behind you - do 
I hear someone questioning 
the accuracy of the local 
repeater frequency??? ■ 













TOWSON MD 
APR 4 

The Greater Baltimore Hamboree 
will be held April 4, 1976 at 8 am at 
the Calvert Hall College, Goucher 
Blvd. and LaSalle Road, Towson MD 
21204. (One mile south of exit 28, 
Beltway-Interstate 695). Food service, 
prizes, contests and a giant flea 
market. 250 tables inside gym. 
Registration $2. Over 1000 attended 
last year. Information: Contact 
Brother Gerald Malseed at school 
address or call 301-825-4266. 

DAYTON OH 
APRIL 23 

The 7th Annual F.M. BASH will be 
held on the Friday night of Dayton 
Hamvention April 23, 1976 at the 
Dayton Biltmore Towers (hotel) in 
the downtown area. This new location 
will accommodate the ever-increasing 
crowd and will allow a leisurely social 
evening and a live floor show, 
featuring television personality Rob 
Reider (WA8GFF) and his group. 
Admission is free to all hams and their 
ladies, and includes free snacks and a 
C.O.D. bar. A fabulous prize drawing 
at 11 pm includes a Clegg FM-DX 
transceiver. Hours are from 9 pm til 
midnight. Miami Valley F.M. Ass'n., 
Milt Kohl W8SLY. 

GRAND RAPIDS Ml 
APRIL 24 

The 2nd Annual Swap and Shop 
will be held Saturday, April 24, 1976, 
9 am to 5 pm in the auditorium at 
Woodland Mall on East 28th Street in 
Grand Rapids, Michigan (corner of 
Mil and M44). Featured will be ham 
equipment, electronic parts, monitors 
and CB. Admission $1.50. For further 
information write: Grand Rapids 
REACT Inc., PO Box 2402, Grand 
Rapids, Michigan 49501. 

SULLIVAN IL 
APRIL 25 

The Moultrie Amateur Radio Klub 
announces its 15th Annual Hamfest at 
the American Legion Pavilion in 
Wyman Park, Sullivan, Illinois on the 


25th of April, 1976. Rain or shine, 
same place as always. 

AMBOY IL 
APRIL 25 

The Rock River Hamfest will be 
held April 25, 1976, Amboy, Illinois 
Lee Co. 4-H Center Jet. 30 & 52. 
Same place as last year. $1 advance, 
gate $2, write Carl Karlson W9ECF, 
PO Box 99, Nachusa, Illinois 61057. 
Rain or shine — indoor or out, 
camping, large swap shop, food, and 
many prizes. Short trip west of 
Chicago. Talk-in 146.94. 


CADILLAC Ml 
MAY 1 

The Wexaukee Amateur Radio 
Association announces their 16th 
Annual Swap-Shop and Eyeball that 
will be held May 1st in the National 
Guard Armory in Cadillac, Michigan, 
starting at 9 am. This Swap-Shop is 
open to all radio amateurs, citizens 
banders, and anyone interested in 
radio communications. Lunches will 
be available at noon and there is lots 
of free parking. Tickets available at 
the door. 





f HIE 15 


Phone: Starts: 0001 GMT, Saturday, 
April 24; Ends: 0200 GMT; Sunday, 
April 25; CW: Starts: 0001 GMT, 
Saturday, May 8; Ends: 0200 GMT. 


wiil be allowed. Howevei 
only All contestants n 


making a possible multiplier of 22 per 
band. Your final score will be the sum 
of QSO points multiplied by the sum 
of cantons worked on each band. 
AWARDS: 

Certificates will be given to the 
highest scorer in each country. USA 
and Canadian call areas are considered 


n 30 days after the contest and 
l to: TM USKA, Rene Oehninger 



Lab Science’s 
ECONOTRACE 


stations are requested to use the 
official RSGB counties list and abbre 

EXCHANGE: 

RS(T) and state, province, UK county 
or Bermuda parish. 

SCORING: 

Each completed contact counts 3 
points. The multiplier for all stations 
outside Bermuda is the total number 
of different VP9 callsigns worked on 

multiplier is the total number of 

worked on each band. The final score 
is the sum of all QSO points times the 


Walter HB9ALF, President USKA, via 
B Varenna 85. 6604 Locarno. 

Switzerland. 


Starts: 0000 GMT, Saturday, May 1; 
Ends: 2400 GMT, Sunday, May 2 
The contest is sponsored by the South 
Shore Repeater Association, 
WR1 ACT, of Scituate MA and is 
endorsed by the Mass. Bicentennial 

worked once per band; CW and phone 
are considered separate bands. No 


Imagine going through that box of 

finding out all about them, in just a 
few minutes. Just plug the device into 
the "ECONOTRACE." connect three 
leads to your oscilloscope, and you're 
ready. One catch: You provide the 
’scope. Display leakage (ICBO), DC & 
AC beta, low voltage breakdown, 
almost anything the big expensive 
tracers display, according to the man¬ 
ufacturer, Lab Science, PO Box 1972, 
Boulder CO 80302. 

The big advanf— 

ECONOTRACE 


it is no good for testing high voltage 
characteristics. What it is good for is 
making transistor testing simple and 
exact (all drives and outputs are cali¬ 
brated). You can also compare or 
match devices, just like on the big 
tracers, with just a flick of a switch. 
It’s also small, 2-7/8 x 4 x 1-7/8 
inches, lightweight (10 oz.) and comes 
complete with its own battery, which 
lasts for a year. Furthermore, Lab 
Science offers it on a 30 day, no 
























by 

David J. Brown W9CGI 
RR 5 Box 39 
Noblesviile IN 46060 


Gray Matters 


I f any of you SSTV enthusiasts have ever 
been through setting up a monitor or 
even a camera, then I’m sure you can 
appreciate the need for a good accurate and 
stable tone source. Such a source was 
described as a construction article in the 
July 1975, 73 Magazine on page 98. The 
item was by Dr. Robert Suding WiJLMD, and 
was just too good to pass up. The ICs 
totalled up to $7.60 in a recent magazine ad, 
including the power supply regulator 1C - 
typical of the low cost of TTL-ICs these 
days. 

After I built this amazing little tone 
source that gives all the tones required for 
SSTV, and RTTY to boot, I was then 
tempted to make it even more useful to my 
needs in building my first monitor. I started 
building the monitor just for copying the 
weather satellites, but I have included all the 
normal SSTV parts in order to set it up and 
maybe even tune in on all the SSTV these 
days (on Oscar even!). The following is a 
small adapter to allow you to use the 
W0LMD tone source to produce an auto¬ 
matic gray scale for setting up your SSTV 
projects very accurately (see Fig. 1). 

Circuit Changes 

The adapter requires you to acquire 5 
more ICs at first glance, which from a source 
like that used above (typical) runs a total of 
$2.03. Also, you will have to increase the 
current rating on the transformer used in the 
original article to I Amp. That is the only 
change to the original power supply. The 
only change to the rest of the original tone 
source is to change the control switch 
marked "Frequency Selector." 
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Dr. Suding was kind enough to do his 
frequency changing by only switching 
around a +5 V source, and therefore I was 
able to change to automatic switching very 
easily (see Fig. 2). If you will check the 
schematic of the adapter in the area of Q1, 
you will sec this is only a simple “electronic 
switch" with discrete diode or gating. This 
replaces the original manual switching when 
the “gray scale pattern” mode of operation 
is chosen. The original switch called for a 
single pole (usually a single deck rotary) 
eleven position switch. Since these are 
usually twelve position switches anyway, the 
position 12 can be used for the new manual 
control switch by getting one with two 
decks. One deck switches ground around, 
and the other switches the +5 V, and the 
two levels control all switching while main¬ 



taining the original eleven discrete fre¬ 
quencies. 

Fig. 3 is shown as a slide type switch only 
for clarity. Obviously, double pole or single 
pole individual switches could have been 
used for each position, but this allows the 
possibility of two on at once which can 
produce really weird results in this type of 
device. A twelve position, two deck rotary 
switch was used in my adapter. If you are 
building the original and the adapter as an 
SSTV only generator, some ICs may be 
deleted as pointed out. 

In order to explain my adapter and the 
original circuit as it applies to my adapter, 
let me explain the terminology I have used. 
Since the ICs were not numbered in the 
original article, I will refer to them as 
follows: 

1. Counters, #1, #2, #3 arc the 74193 
ICs left to ri$it in the original article Fig. 1. 

2. 1C "1200" 1C "1500,” etc., are the 
gates identified by those numbers near their 
outputs. (Caution: The frequency found at 
these points is actually 2X that marked 

3. 1C "SSTV” is the left 7430 with SSTV 
frequencies entering it. and 1C "RTTY" is 
the right 7430 with RTTY frequencies 
entering. 

4. The remaining ICs if mentioned are 
“final gate” for the 7402, and “output 
divider” for the last 7473. 

Circuit Description 

First let us decide what ICs can be 
removed from the original article should you 
decide to want an SSTV unit only. All 7430 
ICs used on RTTY frequencies can go, i.e., 
1C "1445," 1C "2295," 1C “2975," and 1C 



"RTTY." Tie pin 5 to pin 6 on the 1C "final 
gate" 7402. The 7402 has four gates, leaving 
two not used. 1C "1275" and 1C "2125" 
cannot be eliminated as they are part of 1C 
"1500" used in SSTV, but just do not wire 
them up. This frees up two 3-input NAND 
gates, to be used differently. 

With the extra ICs now eliminated, those 
retained in part can be wired as follows. 
First, use part of the 7410 as IC-20 in the 
adapter using the pins shown in my Fig. 2. 
Next, the gates I have shown as 1C-19 (used 
as inverters) can be wired up using the extra 
two gates in the "final gate" 7402. Use the 
pins shown in Fig. 2 under “OPTION 
7402." This has already eliminated two of 
the ICs I said you would have to buy. One 
more trick occurs. You can eliminate buying 
IC-21, a 7473, as well! This and the use of 
the 7402 unused gates are true whether you 
go SSTV only or keep the RTTY. This is due 
to the fact that only half of the 7473 is used 
in the original article as well. The pin 
numbers I have given for IC-21 in Fig. 2 
allow you to use the other half. That drives 
the cost of the SSTV only unit down to 
buying a 7493 and a 7445, and only an 
additional 7410 for the SSTV/RTTY version 
($1.53 or $1.71 respectively). It almost 
doesn’t pay to leave off the adapter! 

Now, following the signal through the 
unit, a 15 Ha square wave or pulse at TTL 
levels is fed from the monitor, camera or 
timebase you are using to the 15 Hz input 
point to IC-17, a 7493 pin 14. A word is 


required here, as you are probably used to 
seeing a decade encoder (7490) type 1C 
driving a decade decoder (7445). The 7493 
and some gating is used instead to allow very 
accurate width control to sync width on the 
gray scale pattern. The normal scan used in 
SSTV is a 5 ms scan and 1.6 ms sync and 
retrace period for the 15 Hz standard. This 
long sync allows for noise "masking” part of 
sync, etc., and is used much like the auto¬ 
matic line return on RTTY to insure a new 
line is in step with new information and not 
skewed. The 15 Hz standard yields a 120 
lines times a 6.66 ... ms per line, or 8 
second vertical period. With a ten line 
decoder it is convenient to use a nine or ten 
vertical stripe pattern, and I chose nine for 
two reasons. First it allows the generation of 
a 2300-2100-1900-1700-1500-1700-1900- 
2100-2300 format, nine stripe white to 
black to white pattern per Fig. 1. Since sync 
is "blacker-than-black,” you can check your 
white to black transition response of filters, 
amps, etc., using the last bar. The use of the 
white and black bars for setting those levels 
is obvious and the same as a black or white 
only generator. Position “0" is left blank, 
and going to bar #1, white, will show both 
your overall response to noise in the filters, 
amps, etc., and another “rather" black to 
white transition. This is the sneaky reason 
for using a more than ten position encoder. 

As the 15 Hz enters the encoder 
(counter), the encoder advances the decoder 
from "0” to the "1" to "9" positions 


producing the gray scale by gating on the 
proper tones via the electronic switches. The 
encoder then goes to position "10." As it 
leaves “9,” that line going high again drives 
the output of IC-19 pin 6 low. That fall sets 
the J-K, IC-21, to a high on the Q output, 
and a low on the not Q pin 8 output that I 
used. That low turns on Q6 and the 1200 Hz 
sync tone. The encoder proceeds to posi¬ 
tions "11" and "12.” The decoder does 
not recognize any of the 10, 11 and 12 BCD 
inputs, so all the lines 0-9 stay high. As the 
encoder tries to go to “13," the BCD (binary 
really) output of the encoder 7493 is as 
follows: A = high, B = low, C = high, D = 
high. The A, C and D lines of the encoder 
are tied to inputs of a gate, IC-20, and when 
all are high as in position 13, the output of 
IC-20 pin 6 goes low. This low is used to pin 
6 of IC-21, resetting it and turning off the 
sync tone after three positions of sync 
(10-11-12). The same low is sent to IC-19 
used as an inverter. The high out from this 
inverter resets IC-17 encoder, and the entire 
cycle begins all over. 

Using this arrangement, the width control 
on the monitor is used to set up the “0” 
noise position on the left edge of the screen, 
and the "black" of sync on the right edge. 
Since the minimum hardware was my idea 
from the start, you may see where as much 
as one line can be out of sync with the 
monitor, and this is quite true. The first sync 
tone puts everything in order, however, and 
this was not thought to be much of a 
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Fig. 3. 


problem. In fact, I noticed it following the 
diagram through, and not in practice to 
begin with. 

Using the adapter as shown, other varia¬ 
tions are possible. The most obvious is 
perhaps to feed the one-per-eight second 
vertical sync to the 15 Hz input point and 
you have a white to black to white scan 
occurring at a one level per field rate, 
including one of no input. This works if the 
vertical sync provides your monitor with a 
return to start and follow new field 
capability (automatic retrace). Another easy 
use occurs if you want black/white stripes 
instead of gray scale. Instead of hooking the 
diodes up as shown, or by switching them 
around with a switch, the diodes can be 
hooked up as all decoder positions odd 
(1-3-5-7-9) go to electronic switch Q1 (2300 
Hz), and all decoder even positions except 
“0” (2-4-6-S) go to electronic switch Q5 
(1500 Hz). Leaving all else the same will give 
you a wh-blk-wh-blk-wh-blk-wh-blk-wh 
pattern or alternating white and black 
stripes. With a bit more tricky gating you 
can even get a checkerboard out of that one, 
but more on it later. By feeding the 15 Hz 
source to a simple divide by ten (7490) and 
the resulting 1.5 Hz to the 15 Hz input, a 


horizontal gray scale of sorts results. These 
latter patterns may not be in sync at first 
either, of course, for the same reason as the 
one line problem, but after one sync period 
all straightens out. Remember to feed the 
internal horizontal sync to the monitor 
when doing the vertical tricks, or very 
strang: things happen. Think about it! 

As to adapting the adapter, several cute 
tricks have been tried. I highly recommend 
you read also the article “Slow Scan TV Test 
Generator” by Bert Kelley K4EEU in Ham 
Radio (you know — the other mag - hi), 
July 1973, page 6. This was a TTL device 
also, and by feeding 2300, 1500 and 1200 
Hz in proper timing into the circles lettered 
E, C and H, and then doing away with all of 
U1 and the half of U2 used as the sync 
oscillator, and not using ICs U9, U10 and 
U11, you can produce vertical, horizontal 
and checkerboard. The article will provide 
you with an H and V sync source if you are 
building a monitor or can't get to yours in a 
commercial version, and the filter at the end 
produces a pretty good sine wave in place of 
the square wave out of the W0LMD device. 
W0LMD mentions the filtering required, but 
did not include any, so I have shown the 
K4EEU filter as my Fig. 4. The 88 mH coils 
are the familiar telephone toroids and I 
included Bert’s source hoping it is still valid. 
Several sources exist as I'm sure you are 
aware. Don't run to a transmitter without 
some filter or you may just regret it. Square 
waves contain rich hormonics FAR out into 
the beyond audio range, and TTL square 
waves seem to strive to get all of them - hi. 
A word to the wise? 

Construction 

Construction will vary with the builder as 
always, and the amount of parts hardly 
warranted a separate circuit board. I wired 
mine right into the original article using a 
particular type of perfboard that has the 
patterns for ICs and strips out from each pin 
and then hard wired the interconnects. It 
really doesn't take long if you use some logic 
to wire the logic (no pun intended). Wire 
+V, grounds, all 2048 leads, etc., and use a 
yellow pencil to mark out what you have 
done on a copy of the schematic. Construc¬ 
tion is not critical, just time-consuming. 


For those of you who have not already 
thought of it, by running three more 74193s 
from the same crystal source, using another 
7410 to decode "1500” just as 1C "1500" is 
wired, and using a divide by 2 (7473) to get 
a very accurate 1500 Hz just as the article 
did, but independent from it, you can add 
two simple divide by ten (7490) ICs and 
come up with a very accurate 15 Hz source. 
Another divide by 12 (7492) and divide by 
ten (7490) 1C, just as in the K4EEU article, 
followed by 5 ms and 30 ms one shots 
(74121), and you get a very accurate one per 
eight second vertical sync source. With this 
you become the neighborhood SSTV 
"standard.” For those of you who like 
accuracy or as a club project for membership 
use, this is only $6.52 more in ICs!! I tried it 
and like it so I'll pass it along, since it does 
not affect the rest of the operation at all. 
I'm building all of this into a deluxe monitor 
with built-in checks, so it comes out pretty 
cheap (common supply, cabinet, etc.). Use 
the third lead of the 7410 in the added 
divider chain to control on/off of this 
timebase. A +5 V applied to the original 
terminal "B” turns on and off both hori¬ 
zontal and vertical outputs from this time- 
base. 

An SASE gets all the answers I can 
provide. Please try to be specific as to what 
you have/don’t have, and where. Please 
address all questions about the original tone 
generator to the author. I almost became a 
K20AW frequency counter expert 
(unknown drip under pressure!) over my 
follow-up "Garnishing a Counter” article, 
and it is not fair to the original author if I 
have to quiz him to get an answer, then relay 
it to you. Comments or further ideas regard¬ 
ing the original or my adapter are, however, 
very welcome if you send the author a copy 
for his use, too. We all can learn from these 
adventures — me, too! It’s just not fair for 
me to get the credit, and sometimes be 
forced to give advice that may not agree 
with the author's original intent, such as 
known limitations, etc. 

Have fun using your "gray matter" 
(source of infinite wisdom located I’m 
told - somewhere between the ears) and 
your "Gray Matter” (scale) source. It sure is 
handy. ■ 


1C 

"FINAL" 

OUTPUT 

7473 


88mH 88mH 
1500 = = 



Fig. 4. Toroid source: M. Weinschenker, Box 353, Irwin PA 15642; 5 toroids for $2.00, 
postpaid. 
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David F Miller K9POX 
7462 W Lawler Ave 
Niles IL 60648 

TR-22 

Tips 


As implied by the title, 
this article concerns tips 
directly applicable to the 
Drake TR-22 2-meter FM 
transceiver, but many 
hams (being the innova¬ 
tors that they are) will see 
value in applying these 
tips toward other rigs of 
similar design. Each of 


these tips has been tried 
and tested by the author 
and is workable; further¬ 
more, none will detract 
from the appearance, 
operations, or re-sale 
value of the "stock'' 
TR-22. Sound too good to 
be true? Please read on 
and judge for yourself. 



The first tip has to do 
with knowing when your 
TR-22 is on or off. Maybe 
this has never been a 
problem for you. ..yet. It 
was for me one day when I 
accidently left mine on 
with no antenna connect¬ 
ed and squelch fairly 
tight. The squelch on 
these radios is excellent, 
so good in fact, that it is 
impossible to tell if the rig 
is on or not unless a signal 
of sufficient strength is 
present to break the 
squelch. The only way you 
will know that is when the 
battery pack has run down 
enough to break the 
squelch by itself and at 
that point the batteries are 
dangerously low. Re¬ 
member what Peter Stark 
K20AW said about ni 
cads in his excellent 
article in December 74, 73 
Magazine ? My TR-22 on- 
off indicator is a jumbo 
diffused red LED (light 
emitting diode) with an 
appropriate series current 
limiting resistor. The LED 
can be run at fairly low 
light output (which is also 
low current drain) and still 
be effective in its purpose. 
I am using a 390 Ohm, Vi 
watt resistor in series with 
the LED and end up with 


Light Emitting Diode 
front panel. 

about 25 mA additional 
current drain from the 
batteries. Normal TR-22 
receive current drain 
under squelched condi¬ 
tions is about 45 mA and 
will peak to 100 mA or so 
depending upon the set¬ 
ting of the volume control 
when audio is present. 
Since the "stock" batter¬ 
ies are 450 MAH units, I 
felt that the additional 25 
mA drawn by the LED was 










12 VDC; 1 ran a red wire to 
point "B" on the receive 
board which is located at 
the center rear of that 
board and is clearly mark¬ 
ed, lust wrap the tined 
end of your wire right 
around point "B" and 
solder (no need to remove 
boards, etc ). That's all 


there is to it. Co into the 
nearest closet, raise some¬ 
one on the local repeater, 
and tell him at length how 
great it is to be able to fill 
out your log by the light of 
an LED. You will now be 
able to tell at a glance if 
your TR-22 is on or off and 
even if the batteries are 


Broom holder for use as mike 
dip. 

well worth the added 
protection By the way, it 
has been my experience 
that not all surplus LEDs 
give out the same amount 
of light output per current 
input You may very well 
find that you can increase 
the series resistor (lower 
the battery drain) by 
picking and choosing thru 
several LEDs which I did 
in the first place. 

I located my on-off LED 
in the upper right-hand 
open area of the front 
panel just to the left of the 
earphone jack, and it looks 
like "it come outa da box 
that way." See photo. One 
3/16" dia. hole is all that 
is needed for mounting, 
but first drill a smaller 
pilot hole and loosely 
place masking tape 
around where the drill will 
come thru the rear of the 
panel to catch the filings. 
Once the LED fits nicely 
and the hole has been 
de-burred both sides, a 
couple of drops of epoxy 
will hold it in place forever 
(thank goodness LEDs last 
that long) 

The wiring is easy, only 
two connections to the 
TR-22 are needed and one 
is right next to the LED. 

The easiest place to pick 
up ground is from the 
"sleeve" or outer connec¬ 
tion of the earphone jack 
The negative (cathode or 
flatted side of the LED) is 
connected to this ground 
thru the WO Ohm, Vi watt 
resistor The positive 
(anode) of the LED is 
connected to switched hot 


* UP YOUR FRONT-END * 
SENSITIVITY 


WITH A 

Helical Resonator 


1 MHz per division 

Typical 5 Element 2 Meter 
Helical Resonator 



Available for 2 Meter, 1.5 Meter and 70CM 
Call or write for our complete catalog - it's free 
Allow 3 weeks for shipping 


105 No. Amphlett Blvd. San Mateo, CA 94401 (415) 348-3858 
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starting to drop off (with 
experience of course). 

Tip number two has to 
do with adapting a heli- 
flex (rubber ducky) anten¬ 
na to the TR-22 so that the 
ducky comes out the top 
instead of the bottom 
(ever try to set your 
TR-22 down on a table 


with the PL-259 type 
ducky coming out the 
bottom?). The first problem 
here is to not, repeat NOT 
destroy or in any way 
modify the existing tele¬ 
scoping whip antenna. 
Impossible? No, just a 
little ham ingenuity. I cut 
the PL-259 connector off 


of my ducky leaving 
enough metal at the base 
to deftly solder on a metal 
plate cap from an old color 
TV set which just happens 
to fit over the conical tip of 
the existing TR-22 
"stock” whip antenna. A 
piece of heat-shrink tub¬ 
ing over the exposed 


metal sealed the job from 
accidental contact with 
anything else metal. It works 
like a charm, well, like any 
rubber ducky works like a 
charm. Don’t fret about the 
length of telescoped whip 
inside the metal TR-22 case 
which now just acts like a 
piece of transmission line, 
because it now just acts like a 
piece of transmission line (at 
least it’s terminated which is 
more than you can say when 
using the ducky on the rear 
connector). 

The third tip involves 
the microphone holder 
supplied with the TR-22. 
My TR-22 is the earlier 
model with the slim pencil 
mic (which I really like but 
it can no longer be 
purchased from Drake). 
The original mic holder 
was a plastic cable har¬ 
ness clip which broke 
instantly (or almost so). I 
purchased some "C" 
shaped metal broom hold¬ 
ers from the hardware 
store (you know the type 
that fasten to the wall and 
a broom handle can be 
snapped in), gave one a 
coat of polyurethane var¬ 
nish, drilled and tapped a 
single 10-24 hole in the 
TR-22 case on the right 
side midway in both 
dimensions, and fastened 
the broom-handle-holder 
with a minimum length 
screw. See photo. This 
holds the pencil mic 
proudly and indestruct¬ 
ibly. 

The fourth and final tip 
will keep your TR-22 
batteries up-to-par at all 
times without overcharg¬ 
ing, overheating (remem¬ 
ber Pete Stark's article) or 
shortened life, The key 
phrase is a "trickle- 
charge option," once 
again without destroying 
re-sale value or digging 
too deeply into the origi¬ 
nal well-designed unit. 
This modification merely 
involves installing a 15K 


If you are on 2-meters now 

... but you're tired of being stuck 
with too few channels 
... and you'd like more versatility 
... and you really do need tunable 
VFO 

... and S9B-CW (don't forget 
OSCAR!) 

... you need Kenwood’s 

NEW 



S-700A 


It solves all of these problems and 
lots more. And best of all.. . the 
TS-700A reflects the type of quality 
that has placed the Kenwood name 
out front. 

• Operates all modes: SSB (upper & lower), 
FM, AM, and CW 

• Completely solid state circuitry provides 
stable, long lasting, trouble-free operation 

• AC and DC capability. Can operate from 
your car, boat, or as a base station through 
its built-in power supply 

4 MHz band coverage (144 to 148 MHz) 


instead of th 


al 2 


• Automatically switches tr 


it frequency 


600 KHz for repeater operation . . 


• Outstanding frequency stability provided 
through the use of FET-VFO 

• Zero center discriminator meter 

• Transmit/Receive capability on 44 channels 
with 11 crystals 

• Complete with microphone and built-in 
speaker 

• The TS-700A has been thoroughly field- 
tested. Thousands of units are in operation 
throughout Japan and Europe 

The TS-700A is available at select Kenwood 

dealers throughout the U S. For the name of 

your nearest dealer, please write. 


KUUS RADIO 


Inc. 
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Trickle<harge switch on line 
cord. 


In conclusion, it is my evening kit" as the Hams 
hope that these relatively at Heath would say, and 
easy modifications will you will also have the 
bring you even more satisfaction of home- 
enjoyment from an al- brewing something while 
ready well-designed, well- proving that Wayne was 
constructed and very pop- right when he said that 
ular transceiver as they Hams are not appliance 
have for this writer. Each operators but build what 
of the tips is a "one they cannot buy. ■ 


Ohm, Vi watt resistor in 
series with the AC charg¬ 
ing cord and an in-line 
switch to short out said 
resistor when full charg¬ 
ing is desired. Full charg¬ 
ing for the TR-22 mea¬ 
sures 30 mA on my unit 
which is safe (less than 
1/10 capacity) for 450 
MAH batteries, for 14 to 
16 hours, but the 15K 
series resistor in the line 
cord cuts this to 7 mA 
which is a good "keep¬ 
alive" current to compen¬ 
sate for the nasty self¬ 
discharge tendency of ni- 
cads on stand-by. The 
in-line switch I used (local 
hardware store again) is a 
SNAPIT 10A at 125V unit 
in which I was able to 
comfortably mount the 
resistor right across the 
switch screws and still 
pass the line cord (one 
conductor also attached to 
the two screws). See 
photograph. In action, of 
course, the switch either 
allows the resistor to be in 
series with the AC input 
(switch off) or it shorts out 
the resistor for full AC 
input (switch on). Dymo 
tapes take care of remem¬ 
bering that rather back¬ 
ward type logic (for me 
anyway) If you are ad¬ 
verse to even modifying 
the "stock" AC line cord 
for the TR-22, a standard 
TV "cheater" cord with 
the ears slightly trimmed 
will work in the radio as a 
charging cord which 
would be modified in the 
same manner Now things 
don't get much cleaner 
than that! 



Bex 3357 San Leandro, Ca 94578 




A New Fashion in Hats for the Fun Mode? 


^-GATEWAY- 


ELECTRONICS 


8123 Page Blvd. 2839 W. 44th Ave. 

St. Louie MO 63130 Denver CO 80211 

(314)427-6116 (303)458-5444 


COMPUTERS 

GATEWAY is an authorized MITS ALTAIR 
dealer. We stock kits and accessories in both 
Denver and St. Louis. Come in and see them 

MITS ALTAIR 8800 KIT.$439.00 

MITS ALTAIR 680 KIT.$345.00 

TERMINALS and KEYBOARDS 

INFO-TECH 66B Video Terminal_$425.00 

A 16 line 32 character video terminal with 
keyboard in one case. Requires only a video 
monitor or modified TV set for display. Data in 
and out is RS-232 at 110 or 300 baud. 

INFO-TECH 66A .$160.00 

KEYBOARD ONLY NO Video Serial output. 

INFO TECH #66 KEYBOARD.$135.00 

Parallel output no video. 

WRITE FOR FURTHER INFORMATION ON 
ANY OF THE ABOVE PRODUCTS. _ 


MINIATURE 

THUMBWHEEL SWITCHES 


BCD ONLY.S2.50 

COMPLIMENT ONLY. 2.75 

BCD & COMPLIMENT . 4.00 

DECIMAL. 2.50 

END PLATES (PAIR).50 

HALF BLANK BODY.40 

FULL BLANK BODY.40 

DIVIDER PLATE.40 


MINIATURE SIZE 0.315 X 1.3 X 
1.78 


All switches are black with white 
Figures and snap-in front mounting. 



^ VISIT US WHEN IN ST L PUIS OR DENVER J 



RADIO AMATEUR III | 

nep,.B call books 

925 Sherwood Drive 
Lake Blull 1L 60044 


direct < orden‘iIS”il t OO Ihipptne and 
handling par Callback. 


jerry Copeland W8FJA 
32540 Strieker Drive 
Warren Ml 48093 


Safety helmets or hard 
hats are generally associ¬ 
ated with the construction 
industry, but it is very 
obvious that our pretty 
model, Mary Hessell, 
does not need any work in 
that department. How¬ 
ever, if you look at the top 
of the hat that Mary is 
wearing, you will notice 
that she has an antenna 
up there. If you are at all 
familiar with 2 Meter FM, 
you will recognize the 
common rubber flex an¬ 
tenna, helical whip, rub¬ 
ber duckie, banana, or one 
of the other names that it 
is fondly (and sometimes, 
not so fondly) called. 

While this idea of an 
antenna on a hat is not 
original, we did do some 
experimenting and have 
come up with a pretty 
efficient performer and we 
can give you a few 
examples where you will 
have to agree that the 
whole idea is very practi¬ 
cal. 

Everybody likes a hand¬ 
held transceiver Even if 
you have a good mobile 
and base station, there is 
nothing like a compact rig 
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An upside down view 
of the Clegg HT-146 
shows how it looks on 
the operator’s belt. 



the top of a hard hat. 

Safety helmets like this 
have become a fairly 
common thing in today's 
society, as the govern¬ 
ment agency OSHA is 
requiring them to be worn 
any place where head 
injuries are at all possible. 


Therefore, we can buy 
them very readily in most 
any community. We went 
to a local safety equip¬ 
ment dealer and found a 
selection of about five 
grades, prices and colors 
ranging from about $2.50 
to $6.25 each. The one 


that you can carry with 
you around the yard, 
garage or basement to 
keep up with what the rest 
of the gang is doing. If you 
are going to a swap-and- 
shop or hamfest, they 
come in very handy For 
Civil Defense, RACES, 
AREC work, or serving 
your own community by 
providing communications 
for a parade, boat race, or 
an emergency, they are an 
invaluable tool. 

The best way to carry 
your rig is on your belt in 
its own leather case, 
because it can get quite 
awkward after a while if 
you tote it in your hand. 
This of course makes an 
external mike the handiest 
accessory for it that you 
can have, as you can then 
operate it while it is still 
on your belt. Either the 
built-in speaker will suf¬ 
fice, or you can imitate 
Walter Cronkite or John 
Chancellor, and put a 
button in your ear for 
private listening. Or, per¬ 
haps your rig has a 
separate speaker-mike 
combination. 

But there is still one big 
hang up. That rubber 
duckie antenna working in 
the vicinity of your navel 
has little or no efficiency, 
and your chances of being 
heard are very poor. The 
best remedy for the situa¬ 
tion is to get it up in the 
air a little higher as any 
ham knows from exper¬ 
ience. You could carry a 
six foot step ladder around 
with you, and if you get 
one of the new aluminum 
ones, they are fairly light. 
But there is an easier way: 
Mount your antenna on 


NEW CODE SYSTEM 

Now you can learn the code in a fraction of the time it 


used to take! 



□ 5 WPM This is the beginning tape for 
people who do not know the code at all. It takes 
them through the 26 letters, 10 numbers and 
necessary punctuation, complete with practice 
every step of the way using the newest blitz 
teaching techniques. It is almost miraculousl In 
one hour many people - including kids of ten - 
are able to master the code. The ease of learning 
gives confidence to beginners who might otherwise '"□21 WPM Code is what 


four speeds 
available 

Plays on any cassette player so you can 
practice anywhere anytime! 

Q 6 WPM This is the practice tape for the 
Novice and Technician licenses. It is made up of 
one solid hour of code, sent at the official FCC 
standard (no other tape we've heard uses these 
standards, so many people flunk the code when 
they are suddenly - under pressure - faced with 
characters sent at 13 wpm and spaced for 5 wpm). 
This tape is not memorizable, unlike the zany 5 
wpm tape, since the code groups are entirely 
random characters sent in groups of five. Practice 
this one during lunch, while in the car, anywhere 
and you'll be more than prepared for the easy FCC 


O 14 WPM Code groups again, at a brisk 14 


itch is universal i 
lu've spent your mi 
iuTI thank heavens 


e Extra Class 

panic out just because you didn't prepare 
in yourself with this tape. Though this is only one 
id word faster, the code groups are so difficult that 
sr. you‘11 almost fall asleep copying the FCC stuff by 
tic comparison. Users report that they can't believe 
lions. When how easy 20 per really is with this fantastic one 
take the test hour tape. No one who can copy these tapes can 
ack breaking possibly fail the FCC test. Remove all fear of the 


ONLY $3.95! 73 is in the publishing busine 


ORDER NOWI 





that we chose is the more 
expensive variety and is 
made of Lexan, which is 
pretty tough plastic. The 
better ones have easily 
adjustable headbands that 
can be removed and 
replaced very simply One 
of these made the logical 


option for us because 
comfort is the number one 
consideration for our ap¬ 
plication, and we have 
some goodies to add to the 
inside. 

The hand-held rig that 
we are using is a Clegg 
HT-146, and it has several 



The zigzag pattern of 
the four radials gets lots 
of wire inside. 



1976 And Your 
Bicentennial Callsigns 
are Here! 


ONLY BICENTENNIAL PREFIXES W 


Be the first in your area with a special BICENTENNIAL QSL card. 

These cards are gorgeous - red, white and blue (you were expecting fuscia and 
mauve?). And they are 100% custom made ... with the exception of the bicentennial 
design and contact report form on the back ... you can have your own call letters 
(unless you'd rather be AC2NSD/1 fora year (which is no bargain, believe it). 

You also get your own name and address on the card (unless you happen to be 
another Wayne Green, which happens). 

These cards are ganged up into large batches and run off the 73 presses in between 
other work, so you don't get real fast delivery, but you do end up with a fantastic QSL 
at a ridiculously low price (and there are a lot of fans for that sort of service these 
days). 

Suggestion: order today, right now, not later, not next week. Send cash, check, 
money order, IRCs, Master Charge or BankAmericard numbers .. . send something 
negotiable. Allow 4 weeks for delivery. 

Domestic Orders Only 


ORDER-AND PAY 

FI 9B0 card* 

.S 7.50 


□ 500 cards. 

.$12.50 


□ 1000 cards. 

.$20.00 


Amount Enclosed $ 


KC4 . 
KG6 . 
KH6 . 


. AG2 

. AL4 
. AG6 
. AH6 


QSL CARDS, 73 MAGAZINE, Peterborough NH 03458 


features that make it well 
suited to work with the 
hard hat set-up. The 
external mike plugs into 
the top of the unit with a 
telephone-type plug and is 
large enough to use eas¬ 
ily, but not bulky and 
cumbersome. When you 
are not transmitting, it 
clips to the hanger on the 
leather case and the 
coil-cord keeps everything 
neat and out of the way. 
The antenna output is to a 
BNC, and it takes but a 
second to take off the 
rubber duckie and connect 
the coax to the hat, or 
even to the 5/8ths on the 
car 

In addition to improving 
the antenna height for 
better transmission, we 
added radials to the inside 
of the hat to get a good 
ground plane. After drill¬ 
ing a hole in the top 
center, we mounted a 
BNC chassis connector. 
On the inside, a large thin 
washer with holes drilled 
in its edges was placed 
under the connector be¬ 
fore tightening it. This is 
for the solder connections 
of the radials and coax 
braid. 

We made several at¬ 
tempts at a pattern for 
placement of the radials, 
but finally used the zig¬ 
zag pattern as shown in 
the photo. This method 
provides maximum spac¬ 
ing in keeping the radials 
away from each other, but 
still gets the most wire 
possible inside We have 
about 23 inches on each of 
the tour legs, or enough to 
accommodate a 'A wave 
whip on the top of the hat, 
if you wish. 
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The radials are perma¬ 
nently attached with 
epoxy, after holding them 
in place temporarily with 
masking tape. We used 
epoxy on the edges only 
and used the five minute 
setting type. The longer 
timed stuff had a tendency 
to run down to the bottom 
of the hat before harden¬ 
ing, because upside down, 
it is iust a big dish. 

After soldering the 
braid and wires together 
at the base of the connec¬ 
tor, we soldered the 
center conductor, and 
drilled a hole in the back 
edge of the helmet for a 
strain relief clamp to 
protect the coax line. Then 
we replaced the liner and 
the entire project was 
finished. 

It does its job well, 
though admittedly it is 
kind of a funny looking 
thing. You can help this 
somewhat by adding a 
little art work if you are 
handy with a paint brush. 
Your call letters, handle, 
and even home QTH 
would be appropriate to 
put on the front or side. If 
you can't paint it, you can 
buy stick-on letters in any 
stationary store in dozens 
of sizes. 

Here's another applica¬ 


\ 



tion — if your club or 
repeater group is called 
upon very often in your 
town for traffic control for 
parades and civic events, 
you could have all the 
members make up these 
hats all in the same color. 
They would allow you to 


use your HT's practically 
hands free, and give you 
all a uniform type image. 
Pretty good PR for ham 
radio. 

In the beginning, we 
only promised you a way 
of operating your hand¬ 
held rig from your belt 


without carrying a step 
ladder around with you. If 
enough hams start using 
something like this, they 
could catch on until some¬ 
one comes up with a 
better idea. But at least 
you have to admit it's 
practical!!!! ■ 


( You KNOW y ou need QSLs l —'t 


Get some you can be proud of... 



and-save money! 


ONL Y $6 for 250, $10 for 500, $15 for 1,000, and $20 for 2,000. 

How can 73 make such beautiful cards, printed on the best coated 
stock, available for about half the regular cost? Our business is 73 
Magazine and QSLs just help keep things going during slack days of the 
month. We do this at cost just to keep busy — you get the benefit. How 
many shacks have your QSL card proudly on display? 

The world and satellite are printed in blue, your name, address and 
call are in black. The QSO information is a standard form on the back. 


DOMESTIC ORDERS ONLY 


j QSL Dept. • 73 MAGAZINE* Peterborough NH 03458 j 

— 

nan 

11 

L, 



□ Cash □ Check 

ijgjjggjjjjl □ BankAmericard □ MasterCharge 

Style 

□ W □ $6-250 

World □ $10-500 

□ x □ $15-1000 

Satellite □ $20 - 2000 

Card No. 

Expiration Date— - . 

Signature.- . ^ 
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Copper Clad 


Horizori'Z 

"12 channels/25 watts from- 

Standard 



ASTROPOINTS 

/144-148 Mhz for Ham, CAP, & MARS / 25 watts output (nom.) 
/12 channels, 3 included / .4 /tV sensitivity 

/ Glass Epoxy Circuit Board / 70 db selectivity 

/ TX and RX Trimmers / 3 watts Audio 

/ PL option / Built in speaker 

/ Tone burst option / Small size, 6" x 2" x 9" 

AH this Horizon “2”mtr., under “3” 

Get all the specs and complete Amateur Brochure, 
write today: 

^Standard 

^Communications 

P.O, Box 92151 Los Angeles, California 90009 Telephone 213/532-5300 


W R Lingenbrmk W6HGX 
1809 Hill Ave 
Hayward CA 94541 


How often have you 
considered building a new 
unit to add to the shack 
and wondered — 

Is the cost of the 
materials worth the ef¬ 
fort? 

Will it fit on a chassis I 
have on hand? 

How about a cabinet? 

What layout will be 
best? 

Well don't think you are 
alone with these thoughts. 
Many builders in this day 
and age consider these 
factors before starting on 
a project. This I believe is 
one of the prime reasons 
responsible for the "Black 
Box" routine so readily 
followed now. 

But I have found a use 
for copper clad board 
around the shack that puts 
the challenge back in 
home building and is a 
source of never ending 
delight when new ways 
are found to use this 
blessing to the home 
builders 

The use of copper clad 
board may not be new to 
many of the homebrew 


generation, what with all 
of the solid state construc¬ 
tion that is going on in the 
industries throughout the 
world, and of course the 
use by the home building 
group in constructing 
their projects, but most 
have been the etched 
variety of construction. 

Have you tried using 
this same material as you 
would aluminum, brass or 
copper sheet when build¬ 
ing converters or other 
types of bread-board con¬ 
struction? I have been 
truly amazed at the var¬ 
ious uses that this type of 
material can be put to. 

It is by far the simplest 
material to work, as a pair 
of tin snips can be used 
quite successfully to cut 
the material to the desired 
size without injury to the 
material. It readily ac¬ 
cepts solder and can be 
cut to form boxes, shields 
and what not. 

One of the principal joys 
of using this material is 
the one of short leads and 
direct ground connections 
(the ones that generally 
get us into trouble), along 
with easy access to the 
parts. 

It is easy to fasten parts 
to the board. For instance, 
with a tube socket simply 
punch the hole in the right 
location, position the sock¬ 
et for the shortest lead 
length, then solder the 
socket tabs to the copper 
clad. There are no screw 
holes to position and drill, 
and no looking for the 
right size nut and bolt to 
hold the socket in place. 

As for standoffs, tie 
points or feed thru points, 
well, the surplus market is 
still loaded with boards 
that have those fine teflon 
bushings by the score. 
Simply unsolder the con¬ 
nections to them and push 
them out of the board. As 
you find a need for them, 
simply drill the right size 
hole and insert the type 


you require in that loca¬ 
tion. 

The use of this material 
around my shack has 
given me a new lift on 
home brewing. Securing 
the right size chassis for a 
new idea that I wanted to 
try was becoming quite a 
bit of work. It is much 
easier to use a bit of beat 


up material that already 
has lots of holes in it to 
start with. 

A supply of this materi¬ 
al can be had for those 
fortunate enough to live 
near an electronic manu¬ 
facturing plant for scrap 
copper prices. Since not 
all the units are perfect in 
manufacturing and quite a 


bit of this material goes 
into the saleable scrap, 
most of these outfits are 
quite willing to part with 
this material. 

I hope you have as 
much enjoyment using 
this method of building as 
I have, for we can sure use 
more constructors in our 
ranks. ■ 



I I Enclosed is my check or money order 
for $_ 

□ Charge my □ BankAmericard or 
f~l Master Charge 

Account No_ 

M.C. Bank No_ 

Signature- 

Address- 

City, State, Zip_ 


□ Complete 6502 

_ FAMILIARIZOR Kit.$229 

□ Assembled.$285 

□ 1C Socket Kit.$14.50 

□ Power Supply.$58 

n Check here if you w 


Make payable and mail to: 

ESiEBKfl 

1555 INDUSTRIES INC. 

6920 Melrose Lane 405/787-3671 
Oklahoma City, Oklahoma 73127 
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Bicentennial Seconds 


ATTENTION METRUM II 
OWNERS 


vakguard has a high quality 
synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 

For complete details and photo 
see our half-page ad in this maga¬ 
zine. 



YOU* HAM TUBE 
HEADQUARTERS! 


3CX1500A7/8877 
3 5002 
3-1000Z 
-125A 


.00 813 1 

48.00 6146B 
120.00 6360 


4-400A 45.00 8122 

4-1000A 165.00 8236 

4CX250B 24.00 8908 

572B 22.00 8950 

Eimac Tubes & Accessories In Stock 
Write or phone for types not listed 
BRAND NEW****F ACTOR Y GUARANTEED 


TOP BRANO Popular Receiving Tube Types. 
BRAND NEW 75%+ Off LisfFactory Boxed. 
FREE LIST Available - Minimum Order $25. 




COMMUNICATIONS, Inc. 


tom (2121 646 6300 


SERVING THE INDUSTRY SINCE 1922 


„ WHILE 
CSdc THEY 

LAST 


POWER SCR's & TRIACS 

BY LEADING U.S. MANUFACTURER 


SEND NOW FOR YOUR POWER PACKAGE 
KIT WHICH INCLUDES; 


• 1 TRIAC OR SCR WITH 2S Aaw RATING 

• 1 GATE PROTECTION DIODE 

» RATING/DEVICE DESCRIPTION INFO 


Steve Rich WA1DFL 
31 Arlington Ave 
Revere MA 02151 


Everyone must have 
seen those "Bicentennial 
Minutes" that follow their 
favorite programs in the 
evening. Well, after view¬ 
ing these for quite some 
time it has become ob¬ 
vious that ham radio's 
part in history has not 
been shown and has been 
well hidden. 

After some extensive 
and exhaustive research, 
we have uncovered some 
of ham radio's unheralded 
facts about the birth of our 
nation. 

In honor of our 200th 
birthday, 73 is proud to be 
the first to publish these 
little known and soon 
forgotten "Bicentennial 
Seconds”: 

Contrary to popular be¬ 
lief, the revolutionary war 
did not start over "Taxa¬ 
tion without representa¬ 
tion," but rather the 
reason being that the 
colonists believed that 
America should receive 
separate country status 
because it lies more than 
200 miles off the coast of 
England. 

History tells us it was 
Paul Revere that devised 
the lantern scheme to 
warn which way the 
British were coming. The 
truth is that it was a lad 
named Morris who, at a 
Sons of Liberty Repeater 
Association meeting, 
thought up the "one if by 
land, two if by sea" that 
quickly became known 
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among the patriots as the 
Morris Code 

Paul Revere allegedly 
rode his horse around the 
countryside to warn of the 
approaching British Ac¬ 
tually, he never left the 
comfort of his shack, and 
used his Handy-talkie on 
the Minuteman repeater 
to warn each town and 
hamlet 

Thomas Jefferson did 
not only write the Declara¬ 
tion of Independence and 
the Bill of Rights. He also 
was largely responsible 
for the Communications 
Act of 1774 which estab¬ 
lished incentive licensing 
in early America, It called 
for only two classes of 
amateur license. The Pa¬ 
triot class included all 
amateur privileges. The 
Tory class permitted only 
five watts input on 27 
MHz. 

After this didn't work 
out too well, Thomas 
Paine was asked by the 
F.C.C. (First Continental 
Congress) to write a 
Docket of Proposed Rule- 
making which he entitled, 
"Common Sense." 

Benedict Arnold, in ad¬ 
dition to treason against 
America, also was the first 
to be convicted of cheating 
on Field Day, He used ac 
power rather than port¬ 
able power. 

The Liberty Bell, sym¬ 
bol of Freedom, almost 
didn't have a home until 
the Philadelphia Tinker- 
belle Repeater Associa¬ 
tion relinquished their site 
atop Independence Hall 
for the Bell. 

The Boston Tea Party 
was supposed to have 
started over the high 
taxation of tea. The truth 
is that the Party started as 
a friendly hamfest, but 
when the R.S C.B an¬ 
nounced a dues increase 
and a 10 pound charge for 
their awards program, the 
Colonists decided to form 
their own league and a 
melee ensued. 


Patrick Henry's original 
quote in front of the VA 
Legislature was, "Give 
me separate country 
status or give me death!" 

Benjamin Franklin 
made many contributions 
to the war effort and in 
addition made many in¬ 


ventions. One stormy day 
after Franklin had been 
flying his kite he informed 
his fellow OM's that he 
had invented the elec¬ 
tronic key. 

General Lafayette al¬ 
most didn't come to aid 
the Americans because he 


was refused reciprocal 
operating privileges. 

However, Lafayette 
changed his mind and 
decided to come after he 
was promised he could 
open a radio store in New 
York at the conclusion of 
the war. ■ 
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VIDEO CRT KIT 



Kit of parts to build CRT display all brand 
new parts. Contains 9 inch CRT Sylvania 
9ST4716AP39 tube shield, yoke, flyback 
transformer, socket, grid cap, 20KV door 
knob capacitor. 

Complete kit, all brand new - $20.00 


COMPUTER TAPE DECK $25.00 

Cassette computer deck, w/2 servo motor drives, heads 
(no electronics). Hi speed search, 3x206 bits, less than 1 
minute. Records 1,000 characters per second. One 
cassette 300,000 characters. An unusual offer. Slightly 
used, OK, with some data. 

$25.00 ea. 5/$110.00 


POWER SUPPLY MODULE 

New, plug-in module. Plugs into AC outlet provides 12 
volts AC at 54 amp by two screw terminals. Great for 
various clocks, chargers, adding machines, etc. New 

$2.50 ea. 5/$10.00 


|| 


LASER DISCHARGE CAP 

Sangamo, new. 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 454 
x 954 inches. $25.00 each 5/$110.00 

TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 2% x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/$25.00 




Unused PC board with 2 nixies B-5750S mounted and pins 
terminating on PC board edge. Useful for counters, clocks, 
etc. Numerals 54 inch high, 180 volt neon. 



I/ 


Please add shipping cost on above. 

P.O. Box 62 

E. Lynn, Massachusetts 01904 


FREE CATALOG 

_ J 
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RESULTS OF THE 1975 CW COUNTY HUNTERS CONTEST 
High score - fixed WB40GW 433,048 points (new record) 

High score - portable WA0KXJ/6 220,869 

High score - mobile WA5KQD/m 438,658 (new record) 

Composite mobile score KODEO 292,358 

There were a total of 301 counties activated by portable/mobile stations 
during the contest, while the total number of counties worked by contest 
stations was 613. The highest number of different counties worked by any 
single entry was 407 counties (WB40GW). The winners in each state and 
category are as follows: 


YL INTERNATIONAL SSBers 
QSO PARTY 

Starts: 1901 GMT Friday, 

May 14 

Ends: 1900 GMT Sunday, 

May 16 

All bands will be used on CW and 
phone and the same station may be 
contacted on different bands for 
contact points but not for country 
multiplier. Use country multiplier 
only one time. The QSO Party is in 
three categories: DX/WK teams, 
YL/OM teams, single operator. Non¬ 
members are welcome to participate 
and QSO party logs will be accepted 
for SSBers awards in lieu of QSLs. 
EXCHANGE: 

Name. RS(T), SSBers number (send 
no number if non member), country, 
state, partner's call (if no partner leave 
blank). 

FREQUENCIES: 

ON: 3565, 7085, 14070, 21070. 
Phone: 3873, 7273, 14333, 21373, 


announce that you will tune around 
3775 or 7090. 

SCORING: 

Contact with SSBer member on same 
continent » 2 pts phone, 4 pts CW. 
Contact with SSBer member on 
different continent * 4 pts phone, 8 
pts CW. Non-member contacts - 1 
point phone, 2ptsCW. Multipliers are 
number of different DXCC countries 
(must be YL ISSB members), US 
states, DX/WK teams, and YL/OM 
teams regardless of bands. Final score 
is total QSO points times total multi¬ 
plier. 

AWARDS: 

Plaques will be awarded to the highest 
individual score. DX/WK teams, and 
YL/OM teams, as well as to the 
highest score single operator. Certifi¬ 
cates to first and second place in 
country and state. No certificate to 

CATEGORIES: 

DX/WK team - Each team consists of 
a DX and W/K SSB member. The 
team score is the sum of both 
partners. Score will be determined 
when both logs are received. If only 
one log is received it will be scored as 
a single operator entry. Alt stations 
entering the DX/WK team category 
: should immediately send a request to 
W7EOI. You may choose your own 


YL/OM team — Each team consists of 
one YL SSB member and one OM SSB 
member who are related: husband/ 
wife, father/daughter, etc. Operation 
must be from the same QTH, using 
the same rig with his/her own call. 
LOGS: 

All logs must show date and time in 
GMT, RS(T), SSBer number, partner's 
call, mode and period of rest time 
Each entry must operate a minimum 
of 6 hours with a minimum of 6 hours 
rest period for each 24 hours of 
contest period. Logs should be post¬ 
marked on or before June 30th and be 
received on or before July 15th. Send 
logs to: Lyle Coleman W7EOI, 412 - 
19th Street SW, Great Falls MT 
59404. 

For free QSO Party entry form Ino 
logs), send an SASE to: Robert Balter 
WA1SCX, 34 White Pine Dr., Little¬ 
ton MA 01460. 

MICHIGAN QSO PARTY 
Starts: 1800 GMT Saturday, 

May 15 

Ends: 0200 GMT Monday. 

May 17 

The QSO Party will be sponsored 
by the Oak Park Amateur Radio Club. 
Phone and CW are separate contests, 
but a station may enter logs for both 
modes. MICH stations may work 
MICH counties for multipliers. A 
station may be contacted once per 
band on each mode. Portable or 
mobile stations may be counted as 
new contacts when they change 

I FREQUENCIES: 

ON - 1810, 3540, 3725, 7035, 7123, 
14035, 21035, 21125, 28035, 28125. 
1600 - 1900 GMT try phone: 1815, 
3905, 7280, 14280, 21380, 28580. 
Try 15 meters on the hour and 10 
meters on the half hour. On VH F, try; 
50.125 and 145.025. 

EXCHANGE: 

RS(T), QSO #, QTH - county for 
MICH stations, state or country for 

SCORING: 

MULTIPLIERS ARE COUNTED 
ONLY ONCE. MICH stations score 
one point per QSO times the total 
number of states, countries, and 
MICH counties worked. Non-MICH 
stations score QSO points as: 1 point 
for each W/KWA/WB8 MICH QSO, 5 
points for each WN8 and special 
events station QSO. Total score is 
sum QSO points times the number of 
MICH counties worked (83 max.), 
VHF only entries score same as above 
except multipliers per VHF band are 
added together for total multipliers. 
AWARDS: 

Only single operator stations qualify. 
Trophies will be awarded to MICH 
stations for: high CW, high phone, 
high aggregate club score. Plaques will 
go to high Novice, high VHF only 
entry. Certificates to high CW and 
phone in each MICH county. For 
non-MICH stations, trophies for high 








TELECOMMUNICATIONS 
DAY CONTEST 
Phone 

0000 GMT Saturday, 


and is open to all amateurs. Categories 
include: single operator multi-band, or 
fixed/maritime mobile stations oper¬ 
ating from ITT Zones 76 to 90. Use 
all amateur bands from 160 to 10 
meters. Contacts with the same 
station are allowed on different bands, 
but ITU zones are valid only once as a 
multiplier regardless of bands. 
EXCHANGE: 

RS(T) plus ITU zone number. (Please 
remember that the ITU zone numbers 
are different from those shown on the 
ARRL and CQ maps and charts.) 

QSO POINTS: 

Contacts with stations in the same 

stations in different country same ITU 
zone = 1 on 10 to 40 meters, 2 on 80 
and 160 meters. In another ITU zone, 
same continent: 10 to 20 meters = 2 
points, 40 meters = 3 points, 80 and 


FREQUENCIES: 

1810, 3550, 3735, 3900, 7050, 7135, 
7235, 14050, 14280. 21050, 21135, 
21300, 28050, 28600, 50-50.5, 

144-146. 

EXCHANGE: 

RS(T) and QTH - Wisconsin stations 
will send their county for QTH, others 
send ARRL section or country. 


welcome in the club. by phoning JUJ-4ai 

An HONORARY Membership is recording is updated e\ 
also available to hams of General seven days a week. Alsi 
Class and above (any age) who have the recording are the 
contacted at least 10 Novices since index of geomagnetic ac 
January 1, 1976, and can supply a list most recent value of t 
of calls and dates of contact. reported from Ottawa, O 


point per Wise contact. Wise stations 
are to multiply the total QSO points 
by the number of ARRL sections 
contacted (74 max.); KP4, KH6, KL7 
and KZ5 count both as 3 point QSOs 
and as section multipliers. All non- 
Wisc stations should multiply the 
number of Wise QSOs by the number 
of Wise counties worked (72 max.). 


RESULTS OF THE 1975 DELAWARE QSO PARTY 
Highest scoring DEL station was K3YHR with 16,064 po 
scoring station outside DEL was WN1UYU with 325 points. 


multipliers), QSO points. Logs should 
ae postmarked before June 30th and 
;ent to: Ministerio das Communi- 


DX country. 

ENTRIES: 

A summary sheet and station log are 
requested. Indicate each multiplier the 
first time worked. Logs must be 
received no later than June 15 (DX 
logs by July 1). All entries should be 
addressed to: Neenah-Menasha Ama¬ 
teur Radio Club, Inc., Mark Michel 
W9PJT 700 Kinzie Court. Menasha 











Benjamin F. Jaco by 
88 W. Frankfort St. 
Columbus OH 43206 


The Magnificent Sevens Microhelix 

7feet,7MHz 


T he matching of a low the high impedance of the size of a city lot is a problem also can crop up on field day 

band antenna of reason- Novice wallet or the much which not only faced me or in portable operations, 

able performance to either less than a quarter wavelength when my ticket arrived, but When you only have room for 

a ten meter antenna and most 
Novice activity is on 40 and 
80 meters, obviously you 
need a little of that spirit you 
sometimes hear from an old 
timer when he recalls the 
days when a rig was improved 
by rebuilding, rather than 
giving up two months pay for 
another brand or later model. 

Clearly, for a single band 
antenna, the frequency range 
of interest is quite narrow, 
covering 500 kHz at most and 
extending only 50 kHz (if 
only the Novice portion of 
the band is tuned). It is well 
known that an antenna whose 
size is a small fraction of a 
wavelength can provide an 
output equivalent to the full 
sized version, provided it is 
properly matched and losses 
are kept low. As the size of 
an antenna is reduced, a 
reactive component of the 
driving point impedance 
appears, and must be can¬ 
celled by one of opposite sign 
to leave the purely resistive 
radiation resistance term. A 
further complication is that 
as the antenna is made 
smaller and smaller the 
reactive cancellation becomes 
more and more frequency- 
dependent, requiring a 
“tuning” of the antenna as its 
operating frequency is 
changed. 

Another undesirable side 
effect of the reduction in size 




‘BLACK BOX” 





is a reduction in the value of 
the radiation resistance, so 
that, even when the reactive 
components of the driving 
point impedance are 
eliminated, a transformer of 
some kind is required to raise 
the resistive portion from a 
value (in some cases) as low 
as a fraction of an Ohm to 
something suitable for 
matching a transmission line 
of reasonable dimensions. 

Thus, the conceptual nub 
of our problem is a black box 
providing the matching func¬ 
tions necessary to make our 
small antenna have an output 
equivalent to a large one, i.e., 
to convert the undesirable 
output characteristics to 
those required to match the 
feed line. I found much poo- 
pooing of tuned small 
antennas among amateurs, 
because of the high losses 
found in most standard 
matching networks (although 
W2FMI has done much work 
with this approach and has 
reported excellent results in 
many QST articles). It seems 
to me, however, that many of 
these problems have arisen 
because attempts were made 
to actually build a "black 
box" full of coils, caps and 
stuff, rather than to allow the 
black box to remain simply a 
concept, which is then used 
as a starting point for think¬ 
ing. 

Let us do some thinking 
about losses. Losses in the 
antenna itself increase as the 
size of the antenna is reduced 
and it becomes more and more 
reactive. This is because 
increased reactance results in 
larger and larger currents 


Fig. 1. The "nub." 


flowing on the antenna, 
causing it to act more as a 
heater than an antenna. The 
answer is to make our 
antenna out of some low 
resistance material like silver 
and, further, to increase the 
surface area where the 
currents are flowing as much 
as possible, since heating is an 
l J R effect and a small reduc¬ 
tion in current density makes 
for a relatively large drop in 
losses. Hence, wire is out! 
Large diameter low resistance 
pipe is in. For experimenting, 
I chose easily soldered copper 
tubing in a relatively inexpen¬ 
sive and lightweight VS” size. 

As an aside, I would men¬ 
tion that I once saw an article 
for the construction of a 
small low frequency antenna 
from steel exhaust pipe. This 
is the worst possible choice, 
since it is heavy, hard to work 
with, relatively resistive, and 
throws in, as a bonus, mag¬ 
netic losses not found in 
non-magnetic metals. If your 
shack is heli-arc equipped, 
one inch or so diameter alum¬ 
inum tubing would probably 
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result in a much lighter 
antenna. 

Our small antenna 
problem is now reduced to 
determining the configuration 
into which our pipes will be 
soldered, so that the antenna 
will become its own impe¬ 
dance matching network. 
Since it is usually much easier 
to step an impedance down 
(rather than up) without a 
transformer, we can ask, “Are 
there any short antennas 
with resistive terminal impe¬ 
dances larger than standard 
coax?" An inspection of 
short dipoles, loaded whips, 
etc., is discouraging, but wait! 
Again it’s J. D. Kraus to the 
rescue. In his classic Antennas 
textbook we find that the 
small helix can have this 
property. 

An examination of a 
typical impedance plot for a 
helical antenna, as given in 
Kraus and sketched in Fig. 2, 
shows that when the circum¬ 
ference is on the order of a 
wavelength, the terminal 
impedance is mostly resistive 
and loops around a value 


suitable for matching a 
standard coaxial line for a 
wide range of frequencies 
(producing the well-known 
broadband matching charac¬ 
teristics). In this size the helix 
radiates along its axis and 
hence is called an “axial 
mode” of propagation. As we 
go lower in frequency or 
build smaller and smaller 
antennas, these loops 
suddenly become very large 
and now pass quite quickly 
through the purely resistive 
points. Moreover, the antenna 
now radiates perpendicular to 
(i.e., “normal to") the axis of 
the helix and is thus termed 
the “normal mode" of propa¬ 
gation. For normal mode 
operation we are usually 
talking about maximum 
dimensions of less than one- 
half wave. In conclusion, it is 
seen that the normal mode 
helix has two useful operating 
points where the reactive 
impedance is zero: one where 
the resistive value is low 
(which would give rise to a 
matching problem equivalent 
to that of a short dipole), and 
also a high resistance oper¬ 
ating point with a value much 
greater than standard coax 
(that can easily be matched 
by a tap down arrangement 
so that the antenna can, in 
effect, act as its own 
matching transformer). 

Now that you know where 
on the impedance plot you 
wish to operate, the trick is 
to put that point at the fre¬ 
quency at which you wish to 
operate. Since an alteration 
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Fig. 2. Helix terminal impedance. 





connections are also impor¬ 
tant in this feed network as 
well. 

Now that our basic plan of 
attack is laid out we can 
begin to examine the specifics 
of helical antennas. We note 
that there are several critical 
dimensions suitable for varia¬ 
tions in experimenting, 
including the turn diameter, 
the pitch of each turn, and 
the number of turns. Helical 
antennas can be built with or 
without ground planes, but 
since the ground plane is just 
a device used to eliminate the 
construction of the other side 
or “image" of an antenna, 
and since it has been my 
experience that a ground 
plane really has to be large 
and relatively conductive to 
be effective, it seems to me 
that unless you have a copper 
roof it is far easier to just 
build the image structure 
than to construct a huge 
ground plane to save a few 
feet of pipe. There is a rela¬ 
tionship between circum¬ 
ference and pitch which 
results in circular polarization 
and is given in Kraus as 

C\ = 2 S X , 

where Cx and S\ are the 
respective circumference and 
pitch in fractions of a wave- 


of the scale of the antenna is 
more or less out, I chose an 
end-loading capacitor (*= 40 
pF) between the two loop 
ends to electrically alter the 
antenna’s apparent length. 
This has the disadvantage of 
putting your tuning element 
at the high voltage point of 
your antenna, but does result 
in a small C variation 
(thereby resulting in a wide 
tuning range, which, with 
careful construction, does not 
arc over at Novice power 
levels). Other tuning methods 
are possible, including 
warping the antenna to alter 
its size (which would 
probably be a superior 
method if high power opera¬ 
tion were a goal). 

I am not going to be too 
specific on the actual con¬ 
struction details, since this 
project is basically a junk box 
el cheapo affair. Each loop is 
made by the mathematical 
operation of dividing four 
W D 10 ft. copper tubes into 
four 30 inch pieces each, and 
using standard 45° pipe fit¬ 
tings to solder up 2 octagons, 
about 2 meters across. They 
are not completely joined, 
however. One connection is 
left unmade, where the two 
loops are joined crosswise by 
a short piece of tube and two 
90° elbows to make a 20” 
separation between the joined 
ends of the loops. The other 
ends are stretched out to 39" 
when mounted and the 
tuning capacitor is connected 
between them. The whole 
works is supported on a mast 
and crossmembers made of 
ABS plastic sewer pipe. I have 
found that the availability of 
sewer pipe and fitting varies 


considerably from time to 
time and from store to store, 
so I leave it to you to 
resonate the bins at your 
local plumbing supply to get 
a combination that will work. 
Metal supports and towers 
will tend to soak up your 
power, so try to keep them 

away . but if you use much 

pipe as a mast, probably 6" 
ABS would be better than the 
4" I used. I have survived 
60-70 mph winds on 4" but 
as you can see in the photo 
my mast section is very short. 
As a finishing touch, the 
copper can be cleaned and 
sprayed with clear plastic to 
protect it from corrosion. 

Finally, I would just like 
to say a few words about the 
tuning capacitor. I would 
suggest a plate spacing of at 
least 'A inch. This may seem 
large, but remember that it is 
located at a high voltage 


point on the antenna and I 
had some trouble with arc- 
overs in damp weather. A 
vacuum variable would be the 
optimum, but tends to be 
rather expensive (even 
surplus). If you only wish to 
tune the Novice band, a 

necessary, but I predict that 
if you don’t take time to 
install one, later you will wish 
you had (especially since I’ve 
noticed a slight shift of 
tuning point with the 
weather). I used a plastic 
refrigerator box to protect 
the capacitor and motor from 
the weather, and silicon bath¬ 
tub seal is great for water¬ 
proofing the lid. In choosing 
a motor you will doubtless 
find as I did that you really 
need one much slower than 
you would think. My Vi rpm 
still seems rather fast. BE 
SURE THAT BOTH THE 
STATOR AND ROTOR OF 
THE CAP ARE ISOLATED 
FROM GROUND (MOTOR). 
I used plastic for the mounts 
and a ceramic shaft insulator. 

Optimum feed is a 
balanced connection at 
symmetrical points on each 
loop (as shown in Fig. 3) with 
a balun if coax is used, but 
my loop feed to one side also 
seems to work with coax and 
is cheaper. Good low loss 
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length (but I see no special 
advantage in insuring circular 
polarization for amateur use). 

The final choice of circum¬ 
ference, pitch, and number of 
turns now becomes a matter 
of experimentation and the 
antenna “arts.” As a rule of 
thumb, it probably pays to 
make the diameter as large as 
the mechanics of mounting it 
allow and, for simplicity, I 
chose n equal to one (i.e., one 
turn on each side). The pitch 
can go from zero to any 
reasonable value, and it is 
interesting to note that in this 
light the mysterious DDRR Fig. 4. Forty meter normal mode helix. 

antenna would appear to be 

nothing more than a normal The antenna pattern is with the antenna 14 wave I have compared this 
mode helix of pitch zero with directional, having a figure 8 above the ground should give antenna to a wire dipole and 

a ground plane. The pitch on dipole pattern when mounted optimum results. found it to be only a little 

my final antenna version was with the helix axis horizontal over one dB down. Here in 

determined experimentally and a low angle omnidirec- The swr of the antenna the city, however, the big 
and was used only because it tional radiation when should be less than 2 over the problem is not signal but 

seemed to work the best, mounted with the helix axis entire Novice band and noise, and the helix clearly 

rather than because of some vertical. For all around use should be phenomenally close had less noise pickup than the 

long-winded theoretical justi- with both high and low angle to 1 at the frequency to dipole. Weak signals that were 

fication. I used small 14” radiation, the horizontal which the antenna is tuned — nearly obscured by noise with 

copper tubing for my feed mounting is best, while for if your matching tap is the dipole were easily copy- 

connections. DX a vertical axis mounting properly located. able with the helix. ■ 
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An Allband 
Inverted Vee 


A n allband antenna 
system has usually 
meant an antenna farm. The 
original objective in this case 
was to have just one antenna, 
without loading coils or traps, 
that would fit in the re¬ 
stricted space at this QTH, 
yet be able to operate effi¬ 
ciently on all the high fre¬ 
quency ham bands. The task 
did not appear to be easy. 

Several antenna systems 
described in the ARRL 
Antenna Book were success¬ 
fully used during the last three 
years, but each had some 
problem that would finally be 
cause for rejection. The main 
problems encountered were rf 
burns from touching the rig 
while operating, arcing, coil 
overheating, the need to 
slightly retune the transmatch 
after QSY, and poorer signal 
reports when compared with 
an ordinary dipole. The 


decision was made that the 
antenna system should incor¬ 
porate the following charac¬ 
teristics: 

1. A single section of 50 
Ohm coax from the trans¬ 
mitter to some remote point 
helps minimize rf problems in 
the shack, especially if the 
coax is buried for several feet. 

2. A single section of open 
wire transmission line would 
be used as a matching 
element. The only adjustable 
connections to this line were 
to be a jumper or shorting 
element and the coax itself. 
Series switches, shunt 
matching stubs, and shunt 
variable capacitors were ruled 

3. The antenna was to be a 
single inverted vee. The open 
wire line would feed the 
inverted vee in the center to 
maintain an almost balanced 


radiating system. 

Two antenna systems were 
developed and tested. Figs. 1 
and 2 are schematic represen¬ 
tations of the two systems, 
showing dimensions of the 
elements and the coax tap 
location for operation on 
different ham bands. Figs. 3 
and 4 show swr curves asso¬ 
ciated with Figs. 1 and 2, 
respectively. The center fre¬ 
quency of all these curves can 
be easily shifted by relocating 
the coax tap point. 

There are three different 
ways the open wire line can 
be used. The first matching 
technique is shown in Fig. 
1 A. Short dipoles can be 
easily resonated by posi¬ 
tioning the jumper at the 
maximum current point on 
the line. The coax feed point 
for 50 Ohms will be a short 
distance from the jumper if 
the current in the line is large. 


This method simply makes 
the line look like an auto¬ 
transformer. A perfect match 
can be obtained for a specific 
frequency, but the antenna 
has an undesirably high Q. 

The second matching 
technique is shown in Figs. 
IB and 1C. This is the best 

matching technique. The 650 
Ohm open wire line has an 
almost magical ability to 
match an inverted vee of any 
length if the inverted vee is 
not too short at the lowest 
desired frequency. Equations 
for half wave and quarter 
wave matching are well 
known for cases where the 
antenna is a half wave or full 
wave inverted vee, respec¬ 
tively. What is not so well 
known is that the line will 
also match any other antenna 
length provided the length of 
one leg of the inverted vee 
and the length of the line sum 
up to an odd multiple of a 
quarter wavelength. This fact, 
which was discovered by 
experiment, is the basis for 
the success of this unique 
matching system. From a 
reactive standpoint the length 
of the antenna is no longer of 
significance since a line length 
can always be found to com¬ 
pensate for the antenna reac¬ 
tance. 

The third matching tech¬ 
nique is shown in Figs. 2A 
and 2B. The coax feed point 
is put further down the line 
than the maximum line 
current location. This 
increases the resistance to 50 
Ohms but also introduces 
series inductive reactance. A 
variable capacitor is intro¬ 
duced in series with the coax 
and line to tune out the 
inductive reactance. In Fig. 
2B a shunt capacitor makes a 
voltage divider if the resis¬ 
tance is greater than 50 
Ohms. Notice the highly use¬ 
ful double resonance con¬ 
dition produced by this 
circuit as shown by the swr 
curve in Fig. 4B. 

Construction of this 
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Fig. 2. Second allband antenna. Note: A jumper placed !4X pjg 3 Swr curves for Fig. 1. 

down the line may improve the swr on 20 , 15 and 10 meters. 


antenna system is simple 
since tuning is done after all 
elements have been erected or 
installed. The inverted vee is a 
100 foot roll of number 14 
copper wire that was cut into 
two 50 foot sections. The 
open wire line was made from 
another 100 foot roll of 
number 14 copper wire. The 
tower used for center support 
was constructed from three 
18 foot, 2x4 sections of 
wood and has a height of 30 
feet when raised. The open 
wire line is brought down the 
tower using TV type standoff 
insulators for support and 
spacing. They are screwed 
directly into the wood to 
provide six to seven inches 
spacing between the open 
wire conductors. The number 
of supports should be 
minimized to reduce losses 
from leakage currents. Also, 
the TV type supports will 
need additional insulation if 
arcing is observed. A one inch 
length of RG/8 insulation 
slipped into the TV spacer 
with the number 14 wire run 
in the center of the insulation 
has worked well for me, even 
in rainy weather. Since the 


open wire line is longer than 
30 feet, it is continued along 
the side of the house with the 
same construction techniques 
just described. 

Several months’ operation 
on the air providing signal 
strength comparisons with 
other hams and the ability to 
be heard in pileups was con¬ 
vincing evidence that this 
system performs as well as a 
farm of dipoles. Although the 
antenna shown in Fig. 2 tunes 
broadly on 80 meters, the 
shorter antenna in Fig. 1 
produced comparable reports. 
The Fig. 1 antenna would be 
ideal for the Novice who 
wants to operate on 80, 40 
and 15 meters with a single 
40 meter dipole but is 
restricted to a narrow fre¬ 
quency range or has 
insufficient property for a 
full 80 meter dipole. The 
antennas and their matching 
systems described in this 
article have eliminated the 
transmatch, reduced rf in the 
shack, reduced antenna 
losses, reduced antenna costs, 
and increased the frequencies 
available from a single 
inverted vee antenna. ■ 
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Squaring the Conical 


I f you don’t mind having 
an antenna in your yard 
which looks a bit like a piece 
of modern art, the conical 
monopole has some ex¬ 
tremely interesting advan¬ 
tages. The form described 
here can be constructed inex¬ 
pensively from TV masting 
and lots of wire. It is ex¬ 
tremely rugged and storm¬ 
proof since, as will be seen 
later, it is practically the 
equivalent of having a 30’ 
high TV mast guyed by about 
200 small guy wires! 

The conical monopole as 
such is not a new form of 
antenna. It has been widely 
used on VHF and sometimes 
on the HF bands, formed in 
its usual circular shape as 
shown in Fig. 1. It is a verti¬ 
cally polarized antenna and 
offers extremely broad band¬ 
width while maintaining a 
low swr. In a sense, it is 
similar to the wide-band 
djscone antenna, although it 
does not have the large “top- 
hat” element required of the 
discone. The antenna func¬ 
tions over a broad frequency 
range because the circum¬ 
ference of the cone-shaped 
monopole becomes resonant 
at different frequencies as 
determined by the extent of 
the circumference variation 
from top to bottom of the 
monopole. Within the fre¬ 
quency range for which the 


antenna is constructed, there¬ 
fore, it is continuously in 
resonance rather than just 
being resonant in certain 
distinct bands. A typical fre¬ 
quency range spread for such 
an antenna is about 4:1 
although this will vary a bit 
depending upon the exact 
design used. 

The design presented in 
this article covers basically 
from 80 through 20 meters. 
However, it will show good 
performance up to about 19 
MHz or so. So, if the 18 MHz 
band ever becomes a reality 
in the distant future, the 
antenna would, in fact, con¬ 
tinuously cover 5 amateur 
bands (80, 40 and 20 plus the 
proposed 12 and 18 MHz 
bands). The antenna is fed 
directly with 52 Ohm coaxial 
cable and requires no addi¬ 
tional tuning devices. A 
simple loading coil can be 
switched in at the base of the 
antenna to extend its range to 
160 meters, if desired, and it 
should show very creditable 
performance on this band - 
especially if a reasonable 
ground radial system is used. 
If one has the real estate 
available, more than one 
antenna could be used to 
form a directional array by 
proper phasing of the current 
fed to each antenna. Since 
the spacing of the antennas 
would be fixed physically but 


vary electrically , on the 
different bands, this would 
mean, however, that the 
phasing lines between 
antennas would have to be 
changed on each band. 

The basic conical antenna 
as shown in Fig. 1 would 
seem to present some almost 
impossible constructional 
aspects on the lower fre¬ 
quency bands if the classic 


formula dimensions of the 
antenna were maintained. For 
instance, for basic 80-20 
meter coverage the overall 
height has to be 32 feet. This 
dimension is not impossible, 
of course, but the upper and 
lower rings of the monopole 
have to be about 6 and 18 
feet in diameter, respectively. 
Constructing an 18 diameter 
ring of lightweight tubing is 



Fig. 1. Basic discone monopole antenna is frequency indepen¬ 
dent over about a 4:1 frequency range. 
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The conical monopole is a vertically 
polarized antenna that offers extremely 
broad bandwidth while maintaining a low 
swr,.. 


hardly a simple matter for the 
average amateur. 

The circular form of the 
antenna is important if abso¬ 
lutely omnidirectional radia¬ 
tion characteristics are to be 
achieved. But, only a slight 
deviation from this charac¬ 
teristic will result if the 
antenna is made square in 
shape instead of perfectly cir¬ 
cular. The radiation from the 
corners of the antenna will 
suffer a bit (perhaps 3-5 dB 
down), but it should not be 
difficult for any amateur to 
orient the antenna with the 
aid of a great circle map 
centered on his QTH such 
that these points fall into 
areas which are of minor 
preference. The other advan¬ 
tages of this form of antenna 
should far outweigh this 
disadvantage. 

A "squared-off” conical 
monopole for 80-20 meters is 
shown in skeleton form in 
Fig. 2. Not every wire is 
shown for the sake of clarity. 
The total mast height above 
the base insulating section is 


30 feet and may consist 
simply of telescoping TV 
mast sections. The height 
from ground to the insulating 
section may be 2-3 feet. The 
upper square is located about 
2 feet from the top of the 
mast. Each side of this square 
is 6 feet long. The square can 
be constructed from metallic 
tubing, but a better choice is 
probably PVC plumbing type 
tubing using the right angle 
fittings easily available for 
this type of tubing to form 
the square. Holes are drilled 
through the tubing for each 
wire element and a fixing 
wire placed around the pntry 
and exit points of each wire 
to keep the overall square in 
place. At the top of the mast, 
each wire element is secured 
to a ring which metallically 
connects it to the mast. 

At the base of the 
antenna, four approximately 
6 foot tall guy posts are 
installed spaced 16 feet apart 
and centered around the 
central mast. The lower ring 
of Fig. 1 is simulated by an 
insulated wire ring running 


around between the four guy 
posts. This wire should be 
particularly taut, and it 
may be advisable to guy each 
guy post in two directions, 
depending upon the type of 
soil encountered. Each wire 
element from the top of the 
antenna is run through the 
upper square, then to the 
lower wire ring (where it is 
soldered or clamped to the 
wire ring), and then to a 
collector ring just above the 
insulating section on the 
central mast. The spacing 
between the wires as they 
reach the lower wire ring 
should be about 3 inches. 
Belden copper-bronze 
antenna wire is particularly 
suitable, but any good 
antenna wire of the copper- 
bronze or copperweld variety 
will more than adequately 
suffice. 

The center conductor of 
the coaxial feed line should 
be connected to the wire 
collector ring above the insu¬ 
lating section on the central 
mast. The shield is connected 
to the mast support pipe 
going into the ground. 
Although this type of 
antenna is less dependent 
upon ground radials than the 
usual type of single element 
vertical antenna, ground 
radials will improve its perfor¬ 
mance. But, again because of 
its unique design, the antenna 
does not require ground 
radials of the usual length as 
single element quarter-wave 
vertical antennas. A group of 
10-12 radials, each being 
16-17 feet long, will suffice 
for normal operation, 
although numerous experi¬ 
ments have shown that a 
greater number of radials will 


improve the low angle radia¬ 
tion characteristics for DX 
purposes. Experiments have 
also shown that ground radial 
extension in the direction of 
desired DX performance will 
considerably improve perfor¬ 
mance in that direction. For 
instance, say one does have 
room to bury 16-17 foot 
radials all around the antenna 
but one’s particular DX 
interest is South America. By 
making the radials pointing in 
the South American direction 
as long as possible (34 feet to 
infinity), considerable 
improvement in low angle DX 
radiation in that direction 
will occur. A rough estimate 
is that radials one wavelength 
long in the desired direction 
result in a 3 dB gain at the 
low vertical angles useful for 
DX purposes. 

The squared conical mono¬ 
pole is certainly not the 
overall answer to HF antenna 
problems, but it does offer 
reasonably omnidirectional 
coverage and coverage of the 
main HF bands usable during 
the present sunspot cycle. 
Since the swr to the antenna 
also remains less than 2:1 
over its design range, it also 
serves as an excellent antenna 
companion to the various 
solid state transceivers on the 
market which have broad¬ 
band transmitter output 
circuits (non-tunable). These 
circuits demand for maxi¬ 
mum power output that the 
antenna transmission line 
they work into presents a 
very uniform low swr pattern 
on each of the bands involved 
if the "instant” bandswitch 
advantage of these rigs is to 
be a realistic operating con¬ 
venience. ■ 



discussed in text. 
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Secret 

Antennas 

for 

Cliff Dwellers 


J. Craig Caston WA6PXY 
5403 Newcastle Avenue #20 
Encino CA 91316 


T here have been countless 
articles published about 
the various antennas that can 
be adapted for those of us 
who live in the wonderful 
world of “urbanville." 
Whether it has been for con¬ 
venience or necessity, many 
amateurs today find them¬ 
selves living in an apartment, 
a small city lot, or the pop- 

Admittedly, this kind of 
living has its advantages. But 
one of the greatest disadvan¬ 
tages for radio amateurs, 
however, is how and where 
are you going to erect an 
effective antenna? 

After moving from a house 
into an apartment, I found 
myself confronted with this 
problem. I learned, some¬ 
times the hard way, what can 
and cannot be done. This 
article will present various 
configurations involving what 



□ □ □ 


Fig. 1. One way to avoid publicity is shown here, if possible, 
wire small enough not to be seen, but strung low, will do a 
good job. 


I believe is a functional 
all-band antenna system that 
anybody can use successfully, 
which is something that most 
other articles discussing 
antennas for urban dwellers 
seem to ignore. 

To start, let’s be honest 
about one always overlooked 
fact: the utilization of an 
indoor antenna. Forget it. 
Unless your dwelling is built 
of wood, it is a totally futile 
effort. Modern buildings are 
made of concrete and steel, 
ajl components that love to 
block rf. You may occasion¬ 
ally hear and work somebody 
with an indoor antenna, but 
that kind of situation is truly 
like working into a dummy 
load! 

Even hanging something 
outside a convenient window 
opening will not really 
suffice, especially if you’re 
looking out to an apartment 
canyon like I do. Remember, 
antennas, to work effectively, 
have to be installed clear and 
free of nearby objects. 

Second, if you are 
planning to move into a 
building that requires per¬ 
mission for an outside 
antenna, and that includes 
most of us, just ask the 
manager about the possibility 
of erecting one. It took me 
three months to obtain per¬ 
mission to erect a simple 
vertical, but my persistence 
paid off. If the building’s 
manager has misgivings over 
such an arrangement, explain 
to the person carefully what 
you plan to do. In fact, a 


little persuasion on your part 
might turn into a blessing in 
disguise. 

But even if you are not 
plagued with space or per¬ 
mission problems, and need 
just an effective antenna for 
80 or 160 meters, then I have 
the antenna for you. What I 
am talking about is the end- 
fed, random length antenna — 
an antenna that is easy to 
construct, and yet so effec¬ 
tive. 

In terms of cost and 
simplicity, the end-fed is hard 
to beat. However, the only 
time anybody sees the end- 
fed configuration nowadays is 
usually around the Field Day 
site.: 

The limitations of my 
home brew vertical led me to 
try the end-fed, random 
length idea. A single strand of 
#24 enameled wire was hung 
out my window, led up the 
roof, and strung over a pole 
to the other end of the build¬ 
ing, all 200 feet of it. When 
completed, I had an all-band, 
end-fed, inverted-vee type 
random length antenna, 
minus the transmatch, for 
$1.29! A real winner in these 
peculiar times of inflation 
and recession. 

Description 

A true end-fed random 
length antenna can be several 
wavelengths long. 1 It is not 
necessary that it be cut to 
resonate for any frequency; 
therefore, any convenient 
length will suffice. 

As a rule of thumb, you 
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should not make the length 
of the wire shorter than one- 
half wavelength at the lowest 
frequency planned to be 
used. This means that for 80 
meters the antenna should be 
approximately 125 feet long. 
For 40, 66 feet. However, 
one source states that an 
end-fed can be utilized effec¬ 
tively down to one-quarter its 
lowest frequency and still 
work well. 2 

This may sound like a con¬ 
tradiction to the random 
length idea, but in relation to 
all other frequencies the wire 
will look, you might say, 
randomly long. 

Installations 

Before erecting the end- 
fed antenna you should first 
plan the site in which it is to 
be strung. Doing so will facil¬ 
itate the actual erection of 
the antenna, especially if it is 
to be done in a secretive way. 
By viewing the roof and 
designing a mental picture of 
how you want to place the 
wire, you can easily rearrange 
the antenna in your mind, 
thus avoiding any erection 
problems later on. 

The best method is to have 
the wire attached to a pole on 
the roof, the higher the pole 
the better. But, if for any 
reason the antenna cannot be 
strung on the roof, attach¬ 
ment to an adjacent building 
or down to an open field will 
do just as well. That’s the 
beauty of the antenna - its 
versatility. 

I’ve already mentioned 
that getting at least part of 
the antenna in the clear is 
probably the most important 
consideration. This fact 
cannot be overemphasized, 
because the efficiency of the 
whole system depends upon 
the antenna’s being in the 
open somewhere along its 
length. Figs. 1 and 2 give a 
couple of ideas on how this 
could be accomplished. 

It is suggested that solid 
enameled wire be used for the 
antenna element. Enameled 
wire is cheap, convenient, and 
it is easy to handle — you just 



An insulator on top of a piece of wood stuck into the rain 
gutter is one convenient way to lead the antenna up to the 
roof. 


wind it off the roll. Moreover, 
enameled wire can be strung, 
if necessary, without the use 
of insulators because of its 
protective coating. To avoid 
unwanted publicity, #34 or 
#36 wire is a good choice. 
Your decision on the right 
size will depend, again, on 
your own situation. 

Widely different wire sizes 
will have a negligible effect 
on performance. It has been 
proven that wire as small as 
#36 can work well and 
handle high power levels just 
as easily as #12 or #14. How 
far you can go in power on a 
thin wire antenna, without 
damaging it, however, will 
have to be determined experi¬ 
mentally. 

Where needed, insulators 
can be made of anything that 
insulates. For deceptive pur¬ 
poses clear plastic or plexiglas 
cut to suit your needs will do. 
Also small diameter vinyl, 
fishing line, or plastic tubing 
is a good choice to consider 
since it can be tied to support 
structures easily. 

An effective way to lead 
the antenna up to the roof, if 
you use that configuration, is 
with stand-off insulators (see 
photo). Again, the proper 
choice and placement of 
insulators will depend upon 
your needs. 

One of the nice things 
about the end-fed antenna is 


that it requires no lead in. 
One end of the antenna, as 
the name properly says, is fed 
the power. However, because 
different impedances will be 
presented at the feedpoint of 
the antenna, depending on 
which band you operate, a 
tuner will be required. 

Tuner Considerations 

As you probably know, a 


simple coil and capacitor 
arrangement is all that’s 
needed (Fig. 4). If you want 
to spend the money, a com¬ 
mercial unit will do nicely. 
But constructing a tuner 
yourself can be achieved 
without too much difficulty 
or expense. On power levels 
up to around 200 Watts, a 
broadcast band variable out 
of an old receiver and an 
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Fig. 2. Here are three ways an end-fed can be used around a building. 
Note that in all three examples, the wire is reasonably dear of objects 
somewhere along its length. 
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inductor of about 30 uH will good ground system is 
do the job. needed. An effective ground 

A check into a parts will help prevent useless rf 
catalog will list a number of currents from flowing around 
coils and capacitors that can the shack. If a decent ground 
fit your own needs. My tuner is not used, the operator will 

uses an E. F. Johnson roller face problems in achieving a 

inductor #229-203. This coil minimum swr from his unit, 
works beautifully. If you can In addition, his equipment 
pick one up, it is suggested will develop a condition of 
you do so. Unfortunately, it “biting” when he touches it. 
has been reported that this Finding a satisfactory 

inductor is no longer in pro- ground is a difficult problem 
duction. A little searching, f or apartment dwellers. This 
however, might produce one j s because the most obvious 
at a moderate cost. ground systems may not be 

Cl is a Johnson type E readily available, especially if 
transmitting capacitor your apartment is several 
#154-10. It’s rated about 350 stories above terra firma. 
pF at 3 kV. These com- One way to “ground” the 
ponents were chosen with the tuner is to use a counterpoise 
thought of using higher or artificial grolind. This is a 
power in the future. wire one-quarter wave long of 

Installation of LI and Cl whatever band you use placed 
into an enclosed chassis is conveniently around the 
necessary for proper shack. The only drawback to 
shielding. The photo should this idea, however, is that to 
give a good idea of com- be effective at least one wire 
ponent layout and assembly, must be installed for each 
As an added bonus, I band - 1 have one counterpoise 
found that my tuner knocked use now. It’s cut for 40 
out all remaining TV I, some- meters even though I fre- 
thing that apartment hams 9 uent 80 as well. Therefore, 
are keenly aware of since 't’s possible that you might 
interferences into just one be ab ' e t0 8 et b Y usin 8 i ust 
building’s TV system could one counterpoise for two 
easily disturb the viewing bands, 
enjoyment of many people. Another way to help 

eliminate stray rf currents is 
Inside the Shack to try to terminate the 

Because of the tuner, a antenna wire at a current 




A took at the home brew transmatch. Note the standoff 
insulators, and the placement of LI and Cl in the spacious 
chassis. 


loop. This involves using a connected to the pipes in my 
length or antenna cut for bathroom shower. Quite sur- 
your favorite band at least prisingly, this eliminated 
one-quarter wave long or most of my ground problems, 
multiples thereof. 3 This mini- Those wishing additional 
mizes the amount of rf intro- information can find an 
duced into the shack. Doing excellent article on tuners in 
this is not imperative, but it the December, 1974 QST by 
might aid in stopping a hot DJ2LR/W2 4 , or consult The 
rig. Radio Amateur's Handbook. 

If you can connect the 
tuner with a short piece of Conclusion 
wire to some grounded water The performance of the 
pipes or something of similar end-fed system at my QTH 
nature, then you’re in good has been very gratifying. DX 
shape. In addition to the on 40 and 80 meters has been 
counterpoise, I have a wire easier to hear, while signal 
running from the shack and reports with only 200 Watts 
of power have been excellent 
from stateside stations. 

It’s hoped this primer will 
guide the amateur in making 
the right decisions involving 
the end-fed concept which fit 
his own individual and unique 
situation, while at the same 
time giving the amateur 
plagued with space and per¬ 
mission problems a chance to 
enjoy his or her hobby with a 
minimum of difficulty. ■ 
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Fig. 3. Cl — 350 pF single gang variable capacitor; Li — 20-30 
uH inductor (E. F. Johnson #229-203 roller inductor 
suggested). 




O ne of the most popular 
antennas is the so-called 
‘‘inverted V," which is 
actually a dipole with the legs 
drooping at approximately a 
45° angle on each side of a 
single support. The single 
support is the secret of its 
appeal, because almost every¬ 
one can find something to 
support this type of antenna, 
as in Fig. 1, where it is 
supported on a TV mast 
pulled up with a pulley. This 
way it can easily be lowered 
for tuning. However, even if 
not on a pulley, it’s quite an 
easy antenna to tune, because 
the legs are so close to the 
ground. 

The ideal inverted V 
antenna would have the 
included angle (a) 90°, and 
the legs in the same plane as 
the tower. It would be a little 
better if the top was 
supported about 3’ away 
from the metal tower, to 
keep the tower out of the 
field of the antenna. See Fig. 
3. 

However, the antenna will 
work well — even in the most 
unusual configurations. See 
Fig. 2. For example, my avail¬ 
able yard for antennas is 74’ 
x 70’, which is no way close 
to the ideal required space for 
an 80 meter V. I have two 
towers, 48 feet apart. Figs. 4 
and 5 show the slope and 
separation of my antennas. 

These antennas have an 
important amount of vertical 
polarization, as when angle 
“a” is less than 90°, the 
vertical polarization pre¬ 
dominates, and when it is 
greater than 90° the hori¬ 
zontal polarization pre¬ 
dominates. Thus the antennas 
are good DX antennas — 
better than a horizontal 
dipole. They do, however, 
show many characteristics of 
the horizontal dipole, being 
less subject to man-made 
noise and more to high angle 
radiation than the vertical. 
For example, when I am 
transmitting to K1GZL in 
Berlin, N.H., he says my 
signal is about 20 dB better 
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from the inverted V than the 
vertical, but my vertical is 
about 3 S-units better in the 
Antarctic than the inverted 
V. When I am talking to 
W5VSR in New Orleans the 
situation varies. Some nights I 
am better on the V, and some 
nights on the vertical, and 
some nights I will fade out on 
one and come in strong on 
the other. 

Although I am using 
baluns on both, there might 
be some advantage to not 
using baluns, since I am in the 
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Fig. 1. 


northern part of the country. 
An inverted V without a 
balun tends to be directional 
toward the side of the 
antenna with the shield of the 
coax connected. Thus the 
pattern without a balun tends 
to be skewed to one side. 
Whether this is an advantage 
or disadvantage depends on 
where you are and what you 
want. I am of the opinion 
that the balun is unnecessary 
for general use, provided that 
your antenna is resonant at 
about the frequency you 





Fig. 2. 


The Novice 
Inverted Vee 


work, and that the coax lead- 
in is a multiple of a half wave 
at that frequency. 

Since I am using baluns, I 
am also using separate feed 
lines to the 40 and 80 meter 
antennas. Without baluns you 
can easily feed both from the 
same feed line, and just 
parallel them, thus saving 
quite a bit in these days of 
high costs (by not using two 
baluns and perhaps a hundred 
feet less of coax). 

When you tune up an 
inverted V you will find that 
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Fig, 4. 


it is very easy to tune and have enough room you can 

very easy to understand. It is get it right down to 1:1. At 

best to cut it a little long, this point you will find it 

perhaps as much as two feet, quite broad tuning, and 

When you measure it with an probably it will cover the 

swr bridge it may look like it whole range you want with 

will never tune, but start swr less than 1:1.5. 

taking off about six inches at Of course, if you have to, 
a time and measure the you can pull up an inverted V 

bottom of the range you into a tree, or on the side of 

want. When it starts to go your house, or on a piece of 

down toward 1:1 measure masting attached with TV 

about 100 kHz on each side hardware to a soil pipe or 

of the desired frequency, and chimney, 

find where the center of the I think that every ham 
range is. Don’t worry if it will should have both a vertical 

not go lower than 2:1 .just and an inverted V or dipole. 

find the center. When you The signals often swing 

have it centered, then start to greatly from one to the other, 

close or open the angle at the I had a ham in the Antarctic 

bottom, and raise and lower tell me one night that he had 

the legs a little. This will two receivers tuned to me, 

improve the swr, and if you one on a vertically polarized 


antenna and the other on a Incidentally, at Novice 
horizontally polarized powers don't waste your 
antenna. He put one on each money on RG8. RG58 is 
side of the room so that he quite adequate. The power 
was seated between them and rating of RGS8 at 30 MHz is 
he said it was beautiful. The 430 Watts, and the loss of 
signal would fade from one to 100 feet of RG58 at 7 MHz is 
the other and he never missed just one dB greater than RG8. 
a word. That means you would barely 

I have given you the be able to tell the difference, 
figures for the Novice bands, At 3.7 MHz it would be even 
although my antennas are less. 

tuned several inches shorter Incidentally, remember 
for where I work. that you can use the 40 meter 

The regular dipole at the inverted V on 1 5 meters, and 
center has an impedance of the 80 meter inverted V on 
about 72 Ohms, so it is better 10 meters, so you can have an 
suited to RG11 or RG59. all band Novice antenna with 
However, the downward a single feed line, 
slope of the legs on an Also, if you have to put up 
inverted V makes it an a push-up mast or pole you 
excellent match for RG8 or can use the two inverted V 
RG58. antennas as guy lines. ■ 



ELEVATION 


Fig. 5. 


FAST SCAN AMATEUR TELEVISION 

• BROADCAST QUALITY PERFORMANCE • SO LID ST ATE m m m m M m M mm m 

i - a , . EQUIPMENT 








Gene Hinkle WA5KPG 
HO Engineering 
9503 Gambeis Quail 
Austin TX 78758 


Closed Loop 

Antenna Tuning 


T uning Yagi-Uda beams 
and quads can be a very 
time-consuming task, requir¬ 
ing many man-hours to per¬ 
form. Usually several helpers 
are needed to make adjust¬ 
ments and to take field 
strength measurements. I 
have developed a technique 
which requires only one per¬ 
son to successfully tune an 
antenna with the aid of a 
couple of pieces of equip¬ 
ment. The method developed 
uses an rf source in the far- 
field and the station receiver 
as a sensitive field strength 
measuring device. A circuit is 
connected from the receiver 
to a speaker, which, in turn, 
can modulate a small 100 mW 
transmitter. The receiver for 
the 100 mW transmitter is 
carried by the person making 
adjustments on the antenna. 
Thus, a closed loop feedback 
system is used to permit opti¬ 
mum adjustment of the 
antenna. As a bonus, the far- 
field signal source can be used 
to make pattern measure¬ 
ments as the antenna is 


rotated, the receiver monitor¬ 
ing relative field strength. Fig. 
1 shows a block diagram of 
the system. 


Circuit Details 

The far-field signal source 
is a small, low power oscilla¬ 
tor (Fig. 2). Transistor Qi is 
used in a Pierce fundamental 
mode oscillator. A diode full 
wave rectifier is used as a 
frequency doubler. A small 
Amidon iron powder toroid is 
used to develop the push/pull 
signal needed for full wave 
rectification. Transistor Q2 
acts as an amplifier for the 
doubled frequency. Another 
transformer, T2, steps the out¬ 
put impedance down to a low 
value. The crystal is chosen 
such that the harmonics will 
fall within the amateur bands. 
I used a 7060 kHz crystal 
which permits field strength 
measurements at 14,120, 
21,180, and 28,240 kHz. The 
output signal is rich in the 
2nd, 3rd and 4th harmonics 
and produces a strong source 


for the 20, 15 and 10 meter 
bands. The oscillator is 
powered by 2 six volt 
batteries connected in series 
to produce 12 volts. Since the 
current drain is low the 
batteries will last a long time. 
Two wires about 5 feet long 
are connected as an antenna 
to the output of the ampli¬ 
fier. Ideally, the far-field 
source should be at the same 
height as the station antenna, 
but useful results will be 
obtained by mounting the 
transmitter/antenna on the 
top of a tall ladder leaning 
next to a roof. The trans¬ 
mitter should be at least 5 
wavelengths away for mean¬ 
ingful results. 

The unit that connects to 
the receiver is a voltage-to- 
frequency converter. The 
voltage developed across the 
meter is used to vary the 
frequency of an audio oscilla¬ 
tor. The maximum voltage 
developed across the meter 
can either be measured with a 
sensitive voltmeter or be com¬ 
puted. For the Heath SB-102, 


the internal resistance is 100 
Ohms, and the full Scale read¬ 
ing is 1 mA. Thus, the full 
scale voltage across the meter 
is: 

VMAX = IF.S. x Rm = 

1.00 mAx 100 Ohms = 

100 mV 

The 100 mV signal is 
amplified by a 741 opera¬ 
tional amplifier as shown in 
Fig. 3. The gain of the ampli¬ 
fier is 40 dB, Thus the S- 
meter full scale voltage of 
100 mV would become 10 
volts at the output of the 
amplifier. This voltage is used 
to drive the modulation input 
on the 555 free-tuning oscilla¬ 
tor. The 555 oscillator 
oscillates at a frequency 
determined by the resistor/ 
capacitor combination con¬ 
nected across it. The fre¬ 
quency of oscillation is given 
by the equation: 

F = (R A + 2R B )C 

For the values given, the free 
running frequency is roughly 
1 kHz. As the 741 amplifier 
drives a current into the 555, 
however, this frequency is a 
little lower than 1 kHz and 
becomes greater as the drive 
current is reduced. Thus, the 
effect is to hear a higher 
frequency for a lower S-meter 
reading, and a lower fre¬ 
quency as the S-meter reading 
becomes stronger. The 555 
drives an 8 Ohm speaker. The 
470 Ohm series resistor is 
used to limit the current to a 
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Fig. 1. Closed loop antenna adjustment block diagram. If CB radios are not available, a two wire 
speaker cable could be run up the tower for monitoring. Far-field transmitter is a milliwatt 
transmitter with harmonics falling inside the 20 } 15 and IOmeter bands. 
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Fig. 2. Schematic of the milliwatt transmitter for the far-field source. Yj: 7.00-7.115 MHz; 
harmonics fall within 20m, 15m and 10m bands; Tj: Amidon Core T50-2, primary 22 turns 
#28, secondary 20 turns #28, center-tapped; Ty: Amidon Core T50-2, primary 22 turns #28, 
secondary 5 turns #28. 


safe value, and yet still permit 
a loud tone to be heard. 

The tone from the speaker 
is monitored as an indication 
of relative field strength level. 
In the prototype, a 100 mW 
citizen’s band walkie-talkie 
was used as a telemetry link 
between the receiver and the 
antenna on top of a tower. 
The walkie-talkie was taped 
“on,” and the speaker was 
acoustically coupled to the 
unit. The walkie-talkie is a 
very good and inexpensive 
wireless telemetry link. Both 
units were bought for less 
than $10 several years ago, 
and similar units are still 
available. Since the distance 
between the walkie-talkies is 
not far, the antennas on the 
units can be retracted some¬ 
what to limit their range. If it 
is not possible to find any 
walkie-talkies, then a two 
wire system can be rigged to 
permit hearing the speaker at 
the antenna tuning site. The 
wireless approach is better 
because there are no wires to 
get tangled in, and the 
volume of the sound can be 
adjusted on site. 

When coupling the 
voltage-to-frequency con¬ 
verter to the receiver, a 
battery or isolated supply 
should be used to power it. 
This is because the S-meter 
circuit may be at a high 


the return ground on the 
voltage-to-frequency will also 
be at this high potential. This 
high potential is called a com¬ 
mon mode voltage. The 741 
amplifier will not function if 
its common mode voltage is 
too great. If a common 
ground between the converter 
and the receiver is not used, 
the 741 operational amplifier 
will only detect the differ¬ 
ential voltage across the S- 
meter and it will not respond 
to the common mode voltage. 

Operation 

The voltage-to-frequency 
converter should be con¬ 
nected across the S-meter. As 
a signal is tuned in, the tone 
from the 555 oscillator will 
change pitch. The far-field 
source should then be placed 
several wavelengths away and 


tuned in with the receiver 
connected to the antenna. If 
the front-to-back ratio is to 
be optimized, then the adjust¬ 
ment of the antenna should 
be done to minimize the 
S-meter reading while the 
antenna is pointed away from 
the far-field source. On a 
quad, for instance, the 
reflector stub should be 
varied until the receiver 
reaches a minimum signal 
strength. The tone from the 
555 oscillator should be mon¬ 
itored for the highest possible 
pitch. The human ear can 
detect fairly small changes in 
pitch if a continuous tone is 
heard at all times. For front 
gain optimization, the beam 
would be pointed towards the 
source and the pitch from the 
telemetry link would be 
lowered as much as ppssible, 


indicating maximum frontal 
gain. 

Once the adjustments are 
made, the far-field source 
makes an ideal reference to 
make relative field strength 
measurements with. If a cali¬ 
brated output signal genera¬ 
tor can be found, then a 
matched S-meter reading can 
be taken between the antenna 
and the generator output. By 
plotting the relative output 
level from the generator vs. 
bearing, a polar plot of field 
strength can be taken. The 
S-meter is used solely as a 
matching device, matching 
the antenna output to the 
calibrated generator output. 
It is surprising how uncali¬ 
brated S-meters are in terms 
of real S units to absolute 
units (an S unit is defined as a 
6 dB change in signal 
strength). For signals which 
barely deflect the S-meter, 
sides of beams for instance, 
an audio meter may be used 
to match the generator’s out¬ 
put to the antenna’s output. 

For antennas such as 
quads it is gratifying to know 
that optimum adjustments 
can be made without a 
number of people needed. 
Since the quad is fairly easy 
to reach from a tower, it is 
very convenient to be able to 
make final adjustments while 
the antenna is in place. I hope 
this method will create 
interest in different 
approaches to solving an old 
problem — how to tune an 
antenna. ■ 


OSCILLATOR 



Fig. 3. Schematic of the voltage-to-frequency converter. A 100 mV input signal will cause a 
potential above ground, and maximum frequency change at the output of the 555 astable oscillator. 
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The 75~80m Broadbander 


S ome time ago, I operated 
with an all band multi¬ 
element dipole antenna. The 
antenna worked quite well 
(for a dipole antenna) but 
generally left me in the 
bottom of pileups on 20 and 
15 meters. This eventually led 
me to a more competitive 
antenna for the higher fre¬ 
quencies. The multi-band 
dipole became redundant 
(and worse yet, tended to 
distort the quad's pattern). 

However, I wanted to 
increase the bandwidth of the 
80 meter dipole, as my opera¬ 
tion generally is evenly 
divided between CW and SSB 
operation. After some 
thought, the elements of the 
dipole for 15 and 10 were 
removed, and an attempt was 
made to extend the 20 meter 
element to a length suitable 
for 75 meter operation. 
Reason told me that if you 
could combine dipoles for 20 
and 40, etc., why not 80 and 
75? 

Due to space limitations in 
the K2VGD estate, the 80 
meter antenna was folded 
into a "Z” shape, to fit a plot 
75' wide. The apex of the 
antenna system was at 30 feet 
and the ends were attached to 
4 television-type aluminum 
masts, fastened to the fence. 
In attaching the 75 meter 
antenna, I ran the elements 


backwards across the two 
masts, thus overlapping the 
last 20 feet of each element. 
As one element was insulated, 
no problems with shorting 
were anticipated. The 
antenna is fed with a random 
length of RG-8/U and a 
W2AU balun. 

In testing the design, the 
lowest swr was expected at 
3550 and 3900 (the design 
length of the antennas). Much 
to my surprise the antenna 


exhibited high swr below 
3650, but less than 1.5 to 1 
between 3650 and 4000 kHz, 
with no peaks or dips within 
this portion of the band. 
After several days of experi¬ 
mentation, the length of the 
CW section approached the 
length necessary for opera¬ 
tion at 3400, with the 75 
meter antenna cut for 3900. 
The swr plot is included in 
Fig. 1. 

While I make no pretense 
of having the exact technical 


explanation of the results, it 
would appear that the ends of 
the antenna, in overlapping, 
inductively and capacitively 
couple the two elements to 
one another in such a way as 
to cancel the reactance that 
would be present at the feed- 
point. Element lengths do not 
appear to follow theory 
exactly, which in all proba¬ 
bility is due to the fact that 
the ends are ten feet off the 
ground, and the apex is but 
30 feet high, far from the 
ideal !4 wave height. How¬ 
ever, there has been ho 
evidence of very high take-off 
angles, as no difficulty is 
encountered working either 
with the West Coast, Europe 
or even as far away as New 
Zealand on 75 (5x8 in ZL- 
land with 900 W PEP). 

The 40 meter dipole does 
not appear to be affected by 
the 80 meter elements. If 
anything, it seems to have 
broader than normal charac¬ 
teristics. 

No attempt is made to 
convince others that "this is 
THE antenna” for 80 meters, 
but rather, with the declining 
propagation on the higher 
bands, to encourage experi¬ 
mentation by others in 
limited space, broadband 
systems. Most of these types 
of antennas use wire ele¬ 
ments, and thus are relatively 
inexpensive. ■ 
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The Magic of a Matchmaker 


I t isn’t necessary to settle 
for an inefficient antenna 
because you don't have the 
space to put up a beam or a 
good high dipole. Even if you 
don't have the time to put up 
an antenna farm before it's 
time to move, or if the land¬ 
lord frowns on antennas in 
the yard, you can still put out 
a good signal. The key is the 
use of an antenna tuner. A 
tuner will allow you to use 
almost any length of wire, 
and if you plan ahead a bit, 
you might even get some 
gain. 

I’ve used an antenna tuner 
before, with an end-fed one 
wavelength Zepp on 80, so 
when I needed an all band 
antenna that I could put up 
in the trees, the solution was 
obvious. Unfortunately, 
someone had relieved me of 
the Johnson Matchbox that 


had served me so well. It was 
necessary to build a tuner. 

The unit that I eventually 
built was the product of a 
little thought and a lot of 
scrounging. I didn't have any 
of the major parts needed, so 
I had to rely on my friends’ 
junk boxes. Vern WB4BER 
came up with a high voltage 
capacitor, and Lloyd 
WA4HYT furnished a 
toroidal tank coil. Armed 
with these parts, I decided 
that this was one project that 
would look decent enough to 
put next to the rig, so I 
bought a wooden cabinet 
from Radio Shack ($2.00 on 
the “junk” table). 

The special characteristics 
of toroids are well known. 
The one that interested me at 
this point was size. I had just 
bought a used FPM-300, and, 
if I could make a small 
enough tuner, maybe I could 



From view of the Matchmaker, showing controls. 


put together a suitcase-sized 
station. The cabinet for the 
tuner was in fact just the 
right size to fit in the suit¬ 
case. 

The circuit I would use 
had already been determined 
by the parts on hand: an “L" 
match and variations. With 
this in mind, I built a hay- 
wired matcher to test the 
idea. I didn't know if the 
toroid was suitable for high 
frequency use and had to find 
out before I got the whole 
project finished. Feeding a 14 
meter wire, results were satis¬ 
factory, and I was able to 
match 300, 600 and 2000 
Ohm loads on the five HF 
amateur bands. 

1 replaced the original 
front panel on the cabinet 
with a piece of sheet alumi¬ 
num and mounted the coil on 
it. The coil is actually 18 
turns of #12 wire wound on 
two T-250 cores, with two 
lucite end spacers, *and is 
probably much larger than is 
needed for 150 Watts of rf. I 
mounted the coil to a 12 


position tap switch so that 
the switch and coil would 
make a compact assembly, 
and put the switch right of 
center on the panel. The 
capacitor, which is a 240 pF 
Hammarlund unit, was 
mounted on a piece of fiber¬ 
glass on the side of the 
cabinet, so that both the 
rotor and stator were isolated 
from ground. Input and 
output connections were 
placed on the back panel. 

Again, operating results 
were good. However, when I 
tried to feed the antenna 
through coax, I was unable to 
get a match on any band. The 
cure for this was to increase 
the matching circuit varia¬ 
tions available. This was done 
by wiring in a 3 pole 5 throw 
ceramic switch. This was 
originally a 4 pole unit, but 
between 10:30 and 11:00 pm 
I broke one of the wafers, 
and it took a little thought to 
come up with the circuit 
changes necessary. Inciden¬ 
tally, besides being ceramic, 
the switches have silicone 
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Fig. 1. The four different circuits used in the Matchmaker. 
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The rig ready to travel in its suitcase. 


The rig set up in San Diego and on the at 



m 


Inside of the Matchmaker. Note the fiberglass insulator under 


rubber compound placed at 
points where there might be 
arcing to ground. 

The final circuit has four 
configurations and a bypass 
position. It will match high 
impedances, low impedances, 
work as a series tuned circuit, 
and as what I call a lapped 
circuit. Fig. 1 shows the 
individual circuits available, 
while Fig. 2 shows the com¬ 
plete unit. Note the amount 
of wiring on S-2, the function 
switch. This is the heart of 
the matcher, and it is a lot 
easier to build if the switch is 
wired prior to being put into 
the cabinet. 

The cabinet is about 
250x175x140 mm (7x9x5'/i 
inches), and is made from 
compressed material with an 
imitation wood grain surface. 
The front panel is grounded 
to the coax sockets to 
prevent hand effects. 
Obviously this cabinet offers 


no shielding, and a search 
with a wavcmeter around the 
operating unit shows strong rf 
fields around the coil and 
switch S-2. Even so, when 
feeding antennas through 
coax, when the coax is 
grounded at the far end, there 
have been no problems with 
rf on the equipment. 

Operating the Matchmaker 
is somewhat different from 
using the Matchbox. I use an 
external swr indicator, which 
is inserted between the rig 
and the tuner. Peak the 
exciter, dip the final, and 
adjust first the inductance 
(switch S-1), then the capaci¬ 
tance for minimum reflected 
power. It may be necessary to 
re-dip the final, as the tuner 
has some effect on PA tuning. 
Continue adjusting the tuner 
for minimum reflected power 
until satisfied. In some con¬ 
figurations there will be a 
nice dip in swr, but it will be 


accompanied by an equal dip 
in forward power! This is 
easy to detect, and means 
that the wrong circuit is being 
used. Just set S-2 to a 
different configuration and 
try again. If in doubt, the 
series circuit will always get 
some kind of a match, while 
the* “tapped" position will 
match whatever the others 
won’t. 

An “L” match circuit 
works best into a high impe¬ 
dance load. To get this it’s 
necessary to use a wire about 
35 to 40 meters long for all 
band operation. I have used a 
19 meter wire, but matching 
was difficult. 

Feeding this type of an 
antenna is problematical. If a 
single wire feed is used you'll 
have rf all over the shack. So 
I use coax. While this sounds 


like some kind of heresy, it 
works. In fact, a couple of 
recent articles have pointed 
out the advantages of feeding 
with coax. If RG-8 is used, 
then the loss in any reason¬ 
able length will be insignifi¬ 
cant. Even RG-58 can be used 
for short lengths. Of course 
I’m talking about 100 or 200 
Watts of rf, not a full gallon 
(if you want to melt coax, 
that's your business). 

The photographs show the 
completed tuner, inside and 
out, and details of the coil 
and switch S-2, as well as the 
traveling setup in and out of 
the suitcase. 

Air travelers: Be prepared 
for some delay if you carry 
the rig aboard the plane. The 
ladies who work the fluoro- 
scopes almost faint when 
they x-ray a ham radio set! ■ 



Fig. 2. The complete schematic of the Matchmaker. 
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How to Coax Your Antenna 


M odern amateur trans¬ 
mitters are designed 
for a 50 Ohm unbalanced 
feedline. The classic basic 
dipole antenna wants to be 
fed with a 73 Ohm, balanced 


feedline. The object of this 
article is to describe the 
design of an antenna and 
feedline that simultaneously 
satisfy the requirements of 
the transmitter and the 


antenna. 

Reducing the radiation re¬ 
sistance of the antenna from 
73 to 50 Ohms only requires 
a reduction in antenna length. 
The literature 1 > 2 > 3 on 


antenna theory is in good 
agreement and predicts a half 
length from 0.207X to 
0.231 X, depending upon 
antenna diameter and end 
conditions. A length of 



Construction of resonating coil, ferrite tuning slugs, and balun feed. 






0.21 OX is recommended to 
yield a shorter antenna and a 
radiation resistance of not 
more than 50 Ohms. 

Reducing the antenna 
length also moves the antenna 
away from resonance and 
introduces a capacitive reac¬ 
tance in series with the radia¬ 
tion resistance. In order to 
restore resonance in the 
shortened antenna, an induc¬ 
tive reactance equal to the 
antenna’s capacitive reactance 
must be added in series with 
the antenna. This resonating 
inductance is sometimes 
called a “loading coil.” The 
literature shows that the 
capacitive reactance is very 
sensitive to changes in ratio 
of antenna diameter to wave¬ 
length. For a 0.21 OX antenna, 
the capacitive reactance 
ranges from 34 to 230 Ohms, 
with 120 Ohms representing 
an average wire antenna. 

Fig. 1 shows a configura¬ 
tion of the proposed antenna: 
radiating elements cut to 
approximately 0.21 OX, two 
symmetrical variable induc¬ 
tors and a balanced 50 Ohm 
feedline. 

Cutting the antenna to 
length is easy, but obtaining 
the variable inductors takes 
some care. The photo shows 
my approach to this problem. 
The inductor is made from 
B&W coil No. 3029 with two 
turns removed in the center. 
The coil is slipped over a 
Johnson No. 136-107 
antenna insulator. A piece of 
plastic tubing, 0.75” OD x 
0.50” ID x 7”, is also 
squeezed inside the coil to 
support the two tuning slugs. 
These slugs, Amidon 12.5 x 
100 mm ferrite rods, are used 
to tune the inductors to 
resonate the antenna. The 
range of tuning is large, from 
2.0 to 3.75 pH for each coil. 
The coil is tapped to place 
the antenna resonance within 
the tuning range of the slugs. 
The coil and slug combina¬ 
tion, as shown in the photo, 
can be used to resonate an 
antenna with a half length of 


0.21 OX for the 80 through 10 
meter bands. If the two turns 
had been left in the center of 
the coil, it would also cover 
160 meters. 

Tuning of the antenna is 
done at this stage, prior to 
installation of the feedline, 
by coupling a grid dip meter 
to the antenna through a 
small one turn loop soldered 
across the feed points. With 
the antenna as high as 
possible, adjust the two 



Fig. 1. The shortened, 50 
Ohm impedance, resonant 
dipole. 


ferrite slugs equally to 
resonance. To measure 
resonance of the antenna in 
its final position, couple the 
grid dip meter and its one 
turn coil to the antenna feed 
point by means of an open 
wire line. This line must be 
electrically !4X exactly, or 
multiples thereof, as 
measured with the grid dip 
meter; 300 Ohm twin lead is 
fine for this measurement. 
The resulting high standing 
wave ratio does not affect the 
measurement of resonance. 

Now that the antenna has 
been designed, built and 
resonated, the next task is 
matching its balanced 50 
Ohm impedance to the un¬ 
balanced 50 Ohm impedance 
of the transmitter. A device 
to do this is known as a 
“balun,” a contraction for 
balanced-to-unbalanced. The 
amateur literature has 
numerous references for the 
design and construction of 
transformer-type baluns. 
These balun transformers 
have very large bandwidths 
and are particularly effective 
when used as interstage 
couplers. However, they are 
not effective for antenna 
applications unless the coax 
shield connection of the 


transformer is at true rf 
ground potential, such as the 
one described by Sevick 4 . 
Imagine an antenna with a 
transformer-type balun 
located at its feed point. This 
point is high in the air, and 
far from rf ground. If the 
antenna is ever so slightly 
unbalanced, this will be 
reflected across the trans¬ 
former to the coaxial feed line 
and cause antenna currents to 
flow on the outside of the 
shield; this current results in 
radiation, which couples to 
the antenna increasing the un¬ 
balance, which increases the 
feedline radiation, etc., etc. 
Unfortunately, this antenna 
feedline interaction is not 
self-stabilizing towards the 
balanced configuration; if it 



Fig. 2. Schematic representa¬ 
tion of 1:1 antenna balun. 


were, there would be no need 
for a balun. 

The proposed balun design 
was first described by 
Roberts 5 in 1957, but has 
not been presented in ama¬ 
teur publications. Fig. 2 
shows a schematic representa¬ 
tion of the balun; some of the 
details are visible in the 
photo. From the antenna’s 
viewpoint, it is being fed by 
two equal conductors in a 
balanced feedline configura¬ 
tion; from the transmitter’s 
side, it looks like an un¬ 
balanced 50 Ohm load, the 
transition taking place over 
!4X length of the balun. Note 
that this balun is ground inde¬ 
pendent and that radiation 


interaction between the feed¬ 
line and the antenna elements 
is prevented by the equal and 
opposite current flowing in 
the two outer shield feed¬ 
lines. The line from the balun 
to the transmitter will be 
electrically flat and can be 
any length. The reader can 
use reference 5 for the 
theory, construction details, 
and measured performance of 
this balun. 

This article has described 
the design of a dipole antenna 
and balun that matches an 
unbalanced 50 Ohm line. The 
design procedure is valid for 
parasitic arrays as well as the 
simple dipole. The perfor¬ 
mance of the antenna-balun 
combination has been found 
to be very good, and it 
behaves very close to theory. 

I will not describe perfor¬ 
mance by means of the con¬ 
ventional swr vs. frequency 
plot because without very 
detailed and accurate descrip¬ 
tions of the test antenna 
(length of feedline, loss 
characteristics of feedline, 
conductivity and diameter of 
antenna, harmonic content of 
test signal, accuracy of swr 
meter, etc.) these curves have 
little value. 

The builders of this 
antenna and/or its balun will 
enjoy: 

• quick and easy tuning to 
resonance 

• low swr at resonance 

• minimum feedline radiation 

• improved radiation patterns 
(F to B, gain, and direction) 

• reduced harmonic radiation 

• ground independence ■ 
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40m DXing — 

City Style 


U ntil recently, I thought 
that vertical antennas 
approached the ideal for 
forty meter DX contacts, in 
terms of signal strength and 
reasonably low costs. This 
judgment was based upon 
the usual city lot antennas, 
combined with a typical 
ham’s budget. The experi¬ 
ments of Dave WA8TNO 


proved otherwise. Let me 
first briefly describe these. 

Dave’s property consists of 
two and one half acres. The 
surrounding land is flat, 
almost treeless, only a few 
well-spaced houses. His verti¬ 
cals consisted of two well- 
matched, quarter wave ele¬ 
ments made from aluminum 


downspouting. Both elements 
were spaced one half wave¬ 
length apart for forty meters, 
with 180 degree (broadside) 
phasing. Each vertical ele¬ 
ment had 120 quarter wave 
insulated radials lying on the 
ground and equally spaced 
around. The earth in this part 
of northeastern Ohio is 
“usually moist,” and consists 
of a loam and clay mixture. I 
believe that these are fairly 
good conditions for a land- 
based vertical system. It 
worked very well. 

The single triangle element 
consisted of small gauge wire, 
with a total length of about 
one wavelength. The apex 
was supported at the 55 ft. 
level on an existing metal 
tower. Both lower corners 
went to ground stakes, and 
the bottom side was about 12 
ft. high over the earth. This 
was fed directly, without a 
balun, with coax. The 
triangle’s broadside 
“pointed” in the same direc¬ 
tions as that of the vertical 
broadside array. 

This hastily-erected tri¬ 
angle element had much 
lower noise pickup, and gave 


stronger signal reports most 
of the time. Working Asia and 
Australia became a regular 
routine. In a word, the 
triangle was superior. 

City Lot DX Version 

Naturally, this old vertical 
lover wanted to try this on a 
50 ft. wide city lot, virtually 
surrounded by power and 
phone lines, high trees and 
aluminum-sided houses in all 
directions. I ended up with 
Figs. 1 and 2, after the con¬ 
clusion of my own testing 
that used my (then) existing 
halfwave vertical for a com¬ 
parison. 

I wanted some control 
over switching directions and 
nulls. My switching scheme in 
Fig. 2 is not original, but it 
works well. 1 used a Kurman 3 
double-pole, double-throw rf 
relay with a 12 V dc coil. 
Surplus rf relays are fine if 
you can find them. The .01 
uF ceramic capacitor across 
the relay coil is for stray rf 
protection. The relay is 
mounted in a black plastic 
“electronics” box from Radio 
Shack, and bracketed to the 
mast above the feedpoint. All 



BOTH APEXES INSULATED FROM THE 


Fig. 1. 40m DX triangle antenna system. Each side = 45.5 ft. 
Total length of each triangle is subject to trimming for low swr 
at 7.100 MHz. Elements are #12 copper wire. 


42 





Fig. 2. Direction switching and feed systems. 


connecting and control leads 
are routed through the box’s 
bottom to keep out rain. Try 
to keep the two sections of 
feeder between the antennas 
and relay contacts reasonably 
short. Most important, make 
sure these same short sections 
are the same lengths and 


spacings to keep the swr con¬ 
stant. 

The radials are not an 
absolute necessity. This 
antenna system worked well 
without them. However, with 
the radials the DX stations 
seem to be stronger more 
often. The 1:1 ferrite balun 


broadened the response, with 
very low swr out to the band 
edges. 

I used #1 2 gauge enameled 
hard-drawn “antenna” wire 
for the antenna elements to 
help keep down the overall rf 
losses. Radiation resistance 
will do you more good than 
ohmic resistance! 

Suggested apex supports 
can be an existing tower or 
tree. I used a 50 ft. tele¬ 
scoping TV mast. The actual 
extended height is 48 ft., 
with the insulated apexes 
attached near the top. 
Bottom height is 8 ft. 

Results 

DXing from a city lot on 
40 meters has finally become 
a real pleasure for me. Much 
of it has been easily worked. 
Getting through pileups is 
normal when running against 
the ordinary antennas 
encountered on this band. 
Perhaps the most pleasing 
aspect is getting comparable 
or sometimes better signal 


reports than some of the 
fellows using beams! My rig is 
solely an FT-101 with no 
high power attachments. 

Conclusion 

City lot dwellers, let’s take 
down those ordinary urban 
antennas, and quit being 
“trapped” in our thinking. 
Now is the time to put up a 
real antenna. You too can 
have a respectable 40 meter 
signal, as well as some of our 
country cousins — and with a 
lot less grass to mow than 
they have! * 
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SUB-MINI ‘TOUCH TONE ENCODER 

SMALL - ONLY 5/16 D X 1 1/2 W X 2 H 
12 DIGIT - QUALITY PRODUCT 
COMPLETELY SELF CONTAINED 
XTAL CONTROLLED - EASY INSTALLED 
B PLUS, B MINUS AND TONE OUT 
GOLD PLATED DOUBLE FACED PCB 


Do ittit JiqTtint! 



SOLDER CIRCUIT 
BOA RDS EFFORT LESSL Y 

Rotates 360 — Great for all kits. 
ONLY $7.95 

latent pending - kit shipped ppd. USA 

W. N. WELLMAN CO. 

Box 722, Fenton MO 63026 
MO residents add 20i tax 


Shortwave Listening 


CILFER, Box 233, Park Ridge, NJ 07656 j 


MILITARY 

SURPLUS WANTED 

Space buys more and pays more. High¬ 
est prices ever on U.S. Military sur¬ 
plus, especially on Collins equipment 
or parts. We pay freight. Call collect 
now for our high offer. 201 440-8787. 
SPACE ELECTRONICS CO. 
div of Military Electronics Corp. 

35 Ruta Court, S. Hackensack, N.J. 07606 


NO MORE TIME OUTS! 

The RT-1 R.F. actuated timer puts an end to timed out repeaters forever. 


NO- Connections to your rig. (CARRIER 
TRIGGERED) 

NO— Clocks to watch. 

NO— Switches to throw. 

The RT-1 leaves you free to concentrate on 
your driving and your QSO. Just preset the 
timer to any time from 0-3 minutes and forget 
it. Every time you transmit, your carrier 
triggers the unit which times until the preset 
value is reached then gives an audible tone. If 
your carrier is dropped before the end of the 
timing interval, the timer resets instantly and is 
ready for the next transmission. 


Range: 0-3 Minutes in 5 sec. steps. 
Voltage: 12-16 Volts DC. 

Accuracy: 33% from +10 to +120 Degrees F 
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Kronotek 



DIV. FRANKLIN UNIVERSAL CORP. 
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73 Magazine Staff 


The Secret 2m Mobile 
Antenna 


ra , rn 


Fig. 1. Matching I isolation network. All capacitors are 27 pF 
trimmers. Coils are approximately %" diam., ’A" long, of #16 
or #18 wire with turns as indicated. 


I t may be difficult to 
accept, but there are 
many amateurs who are not 
interested in repeater opera¬ 
tion. But, almost all amateurs 
recognize the unique com¬ 
munications capability that 2 
meter repeater usage can pro¬ 
vide, especially in the case of 
some emergency while 
mobile. This article describes 
a matching/isolation network 
that will allow one to use a 
regular auto antenna on 2 
meters without interfering 
with the normal operation of 
the auto’s AM or AM/FM 
radio. No relays or other type 
of switching is involved. One 
can leave the network con¬ 
nected to a 2 meter trans¬ 
ceiver installed in the car or 
just bring it out to a BNC 
jack installed in the car. Then 
when a portable transceiver is 
used in the car, it can be 
plugged into the antenna 
system. 

The performance of an 
auto antenna along with the 
matching/isolation network 
will normally not equal that 
of a rooftop !4X whip or 
similar antenna. But, no holes 
have to be drilled, extra 
antenna mounted, etc. The 
losses involved will vary from 
situation to situation, but 
should be low enough so ade¬ 
quate communication can be 
achieved over a local repeater 
with a few Watts of output 
power. 


What is needed in a match- 
ing/isolation device is a 
matching network between 
the transmitter and antenna 
which will match impedances 
and also simultaneously act as 
a high-pass filter. Also, what 
is needed between the 
antenna and the auto radio is 
a filter to attenuate 2 meter 
energy only from getting into 
the radio. Both these func¬ 
tions are accomplished by the 
circuit of Fig. 1. The T 
network of Cl, C2 and LI 
performs matching and acts 
as a high-pass filter. The rest 
of the components act as a 
rejection filter tuned to the 2 
meter transmitting frequency. 
They can be viewed as 
individual tuned circuits — 2 
parallel resonant and one 
series resonant. 

The entire network should 
be placed in a shielded 
enclosure and as close to the 


base of the auto antenna as 
possible. But, it will also 
work if placed at the end of 
the auto radio’s transmission 
line (at the auto radio’s 
antenna input jack), but with 
greater losses, of course. 
Wherever it is placed, how¬ 
ever, the auto antenna’s 
extended length and the 
length of transmission line 
used to reach the antenna 
should remain unchanged 
after the network is tuned. 
Auto antenna lengths which 
produce low base feed point 
impedances are best, such as 
!4X (2014”) or 5/8X (SO'/z”), 
but other lengths can be used. 
A length greater than 50Vt" 
should not be used since high 
angle radiation will increase 
sharply. 

One can either crudely 
tune the network up and let 
it go (if communication can 
be established) or attempt to 
tune it up for overall 


minimum losses. In any case, 
a bench check should first be 
made with a grid-dip meter. 
Short all the input/output 
points. Then resonate the Cl, 
C2, LI circuit (by coupling to 
LI) for resonance about 2 
MHz below the transmitting 
frequency. After installing 
the network in its operating 
location, re-adjust Cl and C2 
for maximum field strength 
reading. 

If you want to tune up the 
whole network more 
properly, an swr meter has to 
be inserted in the trans¬ 
mission line to the auto 
antenna. Leave the output 
terminal to the auto receiver 
connected. Adjust Cl, C2 and 
LI, if necessary, for the 
lowest swr. With an odd 
length of transmission line, it 
might even be necessary to 
add some inductance in series 
with C2 for lowest swr. Then 
connect the swr meter in the 
line to the auto receiver and, 
using only the “forward” or 
“set" reading, adjust the trap 
trimmers for a minimum 
reading. One then has to go 
back and forth several times 
with the swr meter in each 
line to compensate for the 
detuning effect of each 
adjustment on the network. 

When carefully adjusted, 
one can simultaneously use 
the auto antenna for 2 meter 
communication and AM or 
FM reception. ■ 






An 

Inverted Vee 
for 160780m 


John Skubick K8ANG 
1040 Meadowbrook 
Warren OH 44484 

C ity lots and bank 
accounts have some¬ 
thing in common for many of 
us. Both tend to be small! 
Here is a cheap antenna 
system that covers both 80 
and 160 meters, but is the 
size of an 80 meter "inverted 
V,” with no ground radials. If 
your city or suburban lot is 
typical, you’ll barely have 
room for one 160 meter 
radial, let alone several! 

On 80 it is an inverted, 
folded dipole. The feedpoint 
impedance is less than 300 
Ohms because of the inverted 
shape. For 160 it becomes a 
half wave inverted dipole, 
with the ends folded back 
toward the middle, and “end 
fed.” The feedpoint impe¬ 
dance now becomes very 
high. The flat top portion can 
be constructed from trans¬ 
mitting twinlead, TV twin- 
lead, or 300 or 450 Ohm TV 
open wire. You can even 
make it out of ordinary 
“antenna wire” if the parallel 
wires are spaced up to 6 
inches. The length is approxi¬ 
mately 70 feet for each leg. 
More on leg length later. 


Since both bands utilize 
the same feedpoint, we must 
have a simple and effective 
feeder system for both 
bands/impedances as follows: 

Without a Tuner 

Two baluns are required at 
the shack end of the feed 
line. A 4:1 for 80, and a 1:1 
for 160. I used two Amidon 1 , 
“$5.00 balun kits.” I put two 
layers of plastic electrical 
tape over each core for better 
“arc-over” protection. Both 
baluns were easily wound 
within 30 minutes, per 
enclosed instructions. Use 36 
inches of wire for each 
winding, leaving about two 
inches extra for lead connec¬ 
tions. I put each balun into a 
34 4 plastic, screw-lid, freezer 
container, with a coax socket 
attached. All possible 
openings were then gen¬ 
erously sealed with a tube of 
G.E. Silicone Seal, sold by 
blister-pack in most hardware 
stores. Amidon’s spec sheet 
states, “80-6 meter opera¬ 
tion.” However, these baluns 
seem to work just fine on 160 
as well! 

Use RG-8 between the 
balun(s) and the transmitter. 
The feed line between the 


balun(s) and antenna should 
be "300 Ohms” type such as 
twinlead, or better yet 300 
Ohm, TV, open wire “ladder¬ 
line” for higher power hand¬ 
ling. The dimensions for the 
balun-to-antenna feed line are 
110 feet for solid dielectric 
twinleads or 130 feet for the 
open wire line. 

Initial tuneup begins with 
80 (or 75) meters, for your 
favorite section of the band, 
by trimming the ends of the 
flat top equally, a couple of 
inches at a time, for 
minimum swr (measured at 
the transmitter). A neat 
“trick” is to trim it for “75 
phone," then hang clip-on 
single wire outriggers for “80 
CW.” Minimum swr will be 
about 1.5:1, using the 4:1 
balun. Since the antenna is 
inverted and close to ground, 
the feeder is “seeing" less 
then 300 Ohms from the 
folded dipole. 

Next is the 160 meter 
tuneup. Change over to the 
1:1 balun. Now, trim the 
twinlead (or open wire) feed 
line for minimum swr in your 
favorite portion of 160. You 
can get this down to 1:1. 
That’s it for “tunerless” oper¬ 
ation. 


With a Tuner (Antenna 
Coupler) 

It’s easy for you tuner 
lovers. From my experiments, 
it appears that the leg length 
can vary between 60 to 70 
feet with no reduction in 
performance, for either band. 
Your coupler will “tune” this 
antenna and feeder system 
over the entire 160 and 80 
meter (and 75) bands. 

You have a wider choice 
of feed lines also. You can 
use TV and transmitting twin- 
leads, 300 and 450 Ohm TV 
open wire “ladderlines,” or 
even home brew openwire 
line. The length of balanced 
feed line, between the 
antenna and your coupler, 
may load easier if it is about 
90 to 120 feet for the solid 
dielectric types, or 120 to 
140 feet for the open wire 
types. 

For the antenna coupler 
tuneup, first preset your 
transmitter’s “tuning and 
loading” controls, by loading 
it directly into a 50 Ohm 
dummy load. (You do have a 
dummy load, don’t you?) 
Now, switch the transmitter 
into the coupler. Do not 
touch the transmitter’s 
“tuning and loading” con- 
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Fig. 2. 160m antenna coupler. L1-L2: lllumnitronic 2410 or 
Polycoils 1780, lOT/inch, 3 inch diam. Cl: Three section 
“broadcast" type, all sections paralleled. C2: 200 pF per 
section may be used with 100 pF in parallel. Note: Do not 
ground any portion of L2 or C2 — leave them “floating" above 
ground on insulators. 
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trols, because they are now 
preset for 50 Ohms. Do your 
tuning and loading with the 
coupler, which will transform 
whatever impedance and reac¬ 
tance is appearing at the 
“shack end” of the feed line 
into 50 Ohms for your trans¬ 
mitter. If you are a tuner 
fancier, and have read this 
far, chances are you already 
have a coupler for 80 meters 
and the higher bands. Fig. 2 
shows a compatible type of 
coupler for 160. 

Antenna Supports 

I used a 50 foot, 5 section, 
telescoping TV mast to 
support the apex. Actual 
extended height is 48 feet. 
The mast is hinged at the 
base, by driving two 3 foot x 
2 inch pipes into the ground 
about 3 inches apart. I drilled 
a hole into each pipe, so that 
a suitable large bolt could be 
passed through both pipes 
and the existing hole at the 
base of the mast. 

The antenna supports the 


mast in the east-west direc¬ 
tion. Two lengths of non- 
metallic clothesline also 
support the mast from the 
top, but in the north-south 
direction. No center guys 
were used. 

The insulator ends of the 
antenna, and the ends of the 
clothesline, are attached to 5 
foot x Vh inch pipes driven 3 
feet into the ground. 

The entire assembly isn’t 
too heavy. It couldn’t be, if 
skinny, stringbean-physiqued 
K8ANG has to lift it up and 
walk it into the vertical posi- 

A tree and a halyard can 
also be pressed into service 
for the center support. My 
trees are never properly 
located. 

Results 

It certainly gets the rf out 
of my backyard! On 80, the 
performance is exactly that 
of a “regular” ’/? wave 
inverted dipole, using the 
same height, center 


supported. It also seems to be 
more broadbanded. On 160 I 
have worked coast-to-coast, 
and Canada easily, using a 
barefoot Japanese transceiver. 
I cannot compare it to a full 
size inverted dipole on 160, 
because this would be twice 
the size of my backyard! 

Conclusion 

There have been many 160 
and 80 meter antenna articles 
written these past few years. 
Not all of them will fit every¬ 
one’s backyard or perfor¬ 
mance specifications. Maybe 


this one will help to “fill the 
void” in your city lot antenna 
farm. ■ 
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Switch Your Antenna Where It Really Counts 

AT THE ANTENNA 



The RELAY: 

Inline* TYPE 101 Relay can be controlled directly or remotely via the 
coaxial cable. It can be installed atop a tower or pole to switch two 
antennas without adding wires. 

Frequency capability is from V.L.F. through V.H.F. Hermetically 
sealed switching element is capable of multimillion operations assuring 
years of trouble free, dependable service. 



The COUPLER: 

Consisting of a coaxial isolator and resonator which determines the bandpass of the 
device. When DC or AC power/voltage is connected across the coupler injection port and 
ground, the signal cable acts as a metallic link without disturbing signal characteristics 
originally present. RF signal path is not directional. 

Two couplers can be used, one locally and one remotely, with the arrows pointing to 
each other. The coaxial cable between the couplers is thus multiplexed whereby the inner 
conductor and shield act as a simple wire pair while simultaneously carrying RF signals 
within the rated passband. Power/voltage may be injected or recovered at either coupler. 


INLINE INSTRUMENTS Inc. 

Box 473, Hooksett, New Hampshire 03106 


TUFTS 
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The 

Dipole Dangler 


Robert J. Wright PY8ZAC/W8VOH 

Caixa Postal 1 SI 

66000 Belem, Para, Brazil 


A bout ten years ago, the 
Summer Institute of 
Linguistics (SIL) here in 
Brazil was granted permission 
to use radios for communica¬ 
tion between our centers and 
remote Indian villages. SIL is 
working here and in other 
countries with people who 
speak some of the more than 
2000 unwritten languages of 
the world. Our purpose is to 
learn these languages, analyze 
them, teach the people to 
read and write their own 
language, and translate the 
New Testament for them. 
Here in Brazil, the linguistic- 
translation teams live in the 
Indian villages for periods of 
from about three to six 
months at a time, taking a 
radio with them each time to 
maintain contact with one of 
our five centers. We are 
using the Stoner SSB-20A 
radio, an excellent portable 
with about 15 Watts PEP 
output, powered by any 12 
volt source including dry 
cells. The antennas are 
dipoles about 86 feet long. 
Communications distances 
range from about 100 miles 
to over 500 miles. 

Because of the importance 
of the radio communications 
and because the equipment 
has to be set up and taken 
down each time by non¬ 
technical personnel, one area 
of potential problems was the 


antenna system. The antennas 
had to be reliable, rugged, 
and easily handled. Because 
more than 40 stations were 
involved, they also had to be 
inexpensive and made from 
readily available materials. 
The purpose of this article is 
to share some of our 
experience with you with the 
hope that some of the ideas 
might prove useful to you for 
your home station antennas, 
or for portable antennas for 


field day use, etc. 

The construction of the 
center insulator is a very 
important factor in building a 
reliable dipole antenna. Pur¬ 
chasing a commercial unit 
was not practical for us 
because of cost and also the 
delay in obtaining it. The 
center insulator we have been 
using consists of a standard 
porcelain insulator to which 
is attached a piece of % inch 
plastic in the form of a cross. 


See Fig. 1. The porcelain 
insulator provides the 
necessary strength, and the 
plastic gives support to the 
coax cable. The plastic is 
attached to the insulator with 
No. 18 solid copper wire, 
wrapped twice around the 
insulator and twisted together 
in back of the plastic. Three 
holes are drilled in the plastic 
to support the coax cable. 

We have been using 
flexible, bare-copper antenna 
wire, and this has proved very 
adequate. To attach the wire 
to the center insulator, pass 
the wire through the hole 
twice and wrap the end 
around snugly for a distance 
of at least three inches. 
Attach both legs to the center 
insulator and attach the end 
insulators in the same way. 
Do not solder anything at this 
time. Before going any 
further, wrap the antenna legs 
on wooden forms as 
described below. This makes 
a neat package to take into 
the shop to attach the coax 
cable. 

Cut the coax cable to 
length, unless you want to 
wait and install the antenna 
first. Pass the end of the cable 
through the holes in the 
plastic, starting from the back 
as shown in Fig. 2. Remove 
about 12 inches of the plastic 
jacket. Remove the center 
conductor from the braid by 
pulling it through the braid. 
Do not comb out the braid. 

Use standard vinyl tape 
cut to about 3/8 inch in 
width to seal the point where 
the center conductor leaves 
the braid. Seal this junction 
very carefully. After the 
antenna is completed, we also 
seal this further with Q-dope 
or epoxy cement to make it 
as watertight as possible. 

Pass each of the con¬ 
ductors (center conductor 
and braid) through one of the 
holes in the center insulator, 
drawing the braid side tighter 
than the other so that it will 
take the strain. Pass the braid 
through a second time and 
wrap it over the antenna wire, 







in the same direction as the antenna wire a few turns. Do 
original wrapping. Solder the not tin the wire if it is 
braid to the wire in the stranded. Solder the center 
middle of the wrapping, conductor to the antenna 
leaving the rest free to flex, wire, making sure that the 
Pass the center conductor antenna can be pulled straight 
through the hole a second without straining the coax 
time and lay it alongside the inner conductor. Solder only 
wrapping on the antenna where the conductor attaches 
wire. Mark a half way point to the antenna wire. Rein- 
on the wrapping and strip the force the entire connection 
insulation to this point only, by wrapping vinyl tape 
I have found it very easy to securely around both the 
strip the insulation from coax inner conductor and the 
by scoring the insulation with antenna wire, starting from 
wire strippers every 14 inch or the center insulator and 
so and then crushing the insu- extending past the solder 
lation with long nose pliers to joint. This is very important 
break the adhesion between it because it secures the center 
and the wire. After this, the conductor to the antenna leg, 
insulation comes off rela- allowing a minimum of inde- 
tively easily. Once the wire is pendent movement and 
stripped, wrap it around the reducing the threat of 


breakage at what is probably 
the most fragile part of the 
whole antenna. Tape the coax 
cable to thfc plastic support 
between the lower two holes. 

At this point, seal the "V” 
in the coax with epoxy 
cement or other sealer and let 
it dry. Install the coax plug 
and the antenna is ready for 

After the antenna is con¬ 
structed, care in handling is 
very important to long life 
(for the antenna). Many of 
you know the frustrating 
tangle that you can have with 
a long dipole antenna that has 
been coiled up and then 
uncoiled improperly. To 
avoid this, we are using 
wooden forms made from 'U 
inch plywood cut to approxi¬ 
mately 5 by 7 inches. Each 
leg of the antenna is carefully 
wound on one of these forms 
to avoid tangling. To use the 
form, extend the antenna out 
full length on the ground and 
carefully check it for kinks. 
Starting at the end of one leg, 
carefully wind the antenna on 
the form by winding the form 
onto the wire while walking 
toward the center insulator. 
Do not coil the wire onto the 
form. Use one form for each 
leg. When you get ready to 
re-install the antenna, care¬ 
fully unwind the wooden 
forms, leaving the antenna 
fully extended on the ground. 
Do not pull the wire from the 
forms or you will have a 
kinky mess. Carefully check 
for kinks or other problems 
before installing the antenna. 


Multiple fre q uency 
antennas can be made using a 
modified center insulator as 
shown in Fig. 3. Spacers for 
separating the antenna legs 
can be made from 3/8 inch 
plastic electrical conduit, or 
the second antenna can be in 
the form of an inverted V. In 
this case, the antenna will 
need to be five per cent 
longer than a normal dipole. 

Using this method of con¬ 
struction and using the 
wooden forms for handling 
the antennas, we have had a 
minimum number of 
problems with our antennas 
during these past years. ■ 



USE AS MANY INSULATORS 
AS REQUIRED 

Fig. 3. Center insulator for 
multiple frequency dipole. 
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Amateur Weather Satellite 
Reception 


O ne of the euphemisms that is often 
used to describe the times in which we 
live is the “space age." The gradual buildup 
of technology that enables mankind to travel 
and work in space and to visit other worlds 
has resulted in a whole new age of explora¬ 
tion as we gradually learn more about the 
larger universe in which we live. Probably no 
aspect of the space program has a greater 
effect on our lives than the tremendous 
strides in weather satellite technology. To 
many, such satellites are merely the "eyes in 
the sky" that serve to amplify the weather 
map on late night news, but they are far 
more important than that. They have con¬ 
tributed to new standards in weather fore¬ 
casting and provide an early warning system 
that has saved uncounted lives and dollars by 
providing advanced warning of destructive 
tropical storms such as typhoons, cyclones, 


and hurricanes. Mapping of snow and ice 
cover is still another spin-off from this useful 
program. At the time this article is being 
written there are seven operational U.S. 
weather satellites in orbit around our planet 
continuously scanning the ever-changing 
weather patterns that affect our lives. 

It is now a decade since Wendel Anderson 
K2RNF first showed how it was possible to 
receive and display pictures from such 
satellites (2) and with today’s technology 
the job is far easier than it was just ten years 
ago. With far less financial outlay than that 
required for even a modest sideband station 
it is possible for amateurs to receive and 
display pictures from most of the opera¬ 
tional satellites, while for someone who is 
really hung up on the subject none of them 
is out of reach. The purpose of this article 


will be to describe the status of the various 
satellite systems now in use and to provide 
numerous references for the construction of 
home satellite receiving stations. Such 
stations can provide daily glimpses of the 
world from space which few of us would 
ever see and are an interesting entry into the 
world of meteorology. The low cost of such 
ground stations make them attractive to 
small educational institutions where they 
can provide practical data for courses in 
weather and the earth and planetary sciences 
as well as providing worthwhile class projects 
in electronics. 

There is certainly no "one way" to put 
together a satellite station - there are a 
multitude of options, each varying in terms 
of cost, operating ease, and system flexi¬ 
bility. I will discuss the various requirements 
for satellite ground stations and provide 
references from the widely scattered liter¬ 
ature on the subject so that you can do some 
background reading on the kind of system 
you might like to set up. Some of the 
options are essentially jury-rigged affairs of 
casual interest but others can, at low cost, 
provide performance comparable to com¬ 
mercial or government installations. Ever 
since entering the weather satellite game 
amateurs have distinguished themselves by 
continually developing better ways to 
accomplish various tasks, usually far 
exceeding professionals in terms of the 
cost-quality equation. Amateurs, with their 
knowledge of electronic and communica¬ 
tions systems, are often among the first to 
spot problems with operating satellite 
systems and thus provide a valuable service 
in monitoring these satellites. Weather 
satellite technology represents a very con¬ 
crete example of how "amateurs" can make 
a significant contribution to space age tech¬ 
nology. Why not give it serious thought - 
you are certain to have lots of fun and may 
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Table 1. Characteristics of the video format of the APT and SR modes. 
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Table 2. Polar orbiting weather satellites. 





Satellite Picture Modes. The two video 
modes of greatest interest to amateurs are 
highlighted in Table 1. Both modes utilize a 
2400 Hz audio subcarrier to transmit the 
video information. Subcarrier amplitude 
varies from maximum for white picture areas 
to minimum (approximately 4 % of 
maximum amplitude) for black picture 
areas. Subcarrier amplitudes between these 
two extremes represent varying shades of 
gray. The two modes differ however in the 
line rate and picture organization. The first, 
the APT mode (APT is an acronym for 
Automatic Picture Transmission), transmits 
video lines at the rate of 240 per minute or 4 
lines per second. A single picture or "frame" 
requires 200 seconds for transmission, 
resulting in an 800 line picture. The base¬ 
band video bandwidth of the system is 1600 


kHz, so if audio filters are used to help 
remove noise from the satellite signal they 
should be centered on 2400 Hz with a 1600 
Hz bandwidth. Narrower filters will result in 
progressive loss of picture detail. The 800 
line APT picture is far sharper and has much 
greater resolution than a typical TV picture 
display. 

The second mode - the SR or Scanning 
Radiometer mode - is based on the use of a 
mechanical scanning system on board the 
spacecraft. As the satellite moves along its 
orbital track a mirror scans the earth 
beneath in a narrow beam at right angles to 
the satellite’s orbital track. Present SR 
systems use a 48 line per minute scanner. 
The SR system is capable of providing both 
visible light and infrared (IR) images of the 
earth below. The IR data occupies the first 
half of the scanning line with the visible data 
inserted from a tape loop during the second 


half of the line when the satellite scannci is 
scanning up against the spacecraft. The SR 
data format can be considered as a 48 line 
per minute system with hall the line being 
IR data and the other half visible data, or it 
can be treated as a 96 line per minute system 
of alternating IR and visible data lines. 
Display systems can be designed around 
either option. The SR picture is not broken 
up into discrete frames as it is in the* APT 
mode - instead transmission of picture data 
is continuous as long as the spacecraft is in 
range with the vertical “scanning" provided 
by the movement of the spacecraft along its 
orbital track. Present systems utilize a 48 
line per minute scanner but in 1978 a new 
SR system utilizing a 120 rpm scanner will 
be inaugurated. The principles of operation 
are identical to the 48 line system except 
that the pictures will be several times better 
in resolution. Various display systems for 48 



'ight (left) and infrared (right) readout from a single NOAA 4 pass over eastern 
n 20 November 1975. The differences in the two views, which represent the 
• at the same time, are due to the characteristics of the visible and IR imaging 
hie channel sensors respond to light in much the same manner as the human 
/ structures are shown where sufficient light exists. The upper right portion of 
northwest) is dork because of low sun angle at high northern latitudes at this 
of day (early morning). The IR channel responds to heat, with the lightest 


cold zones and with darker areas progressively warmer. Low clouds do not 


e near ground temperature), while the Atlantic (lower right) appears darker 







Photo 2. An example of an APT WEFAX transmission from A TS 3. Such 
computer gridded pictures are put together on the ground from NO A A SR 
data and are relayed through the geostationary satellite for worldwide 
distribution to any station within line of sight of the satellite. The view 
shown here represents 'A of a polar projection of the southern hemisphere 
showing most of South America and part of Antarctica, in this case the 
picture was pul together by computer analysis of NOAA IR readout. Grid 
tines were superimposed and the picture was then relayed through the 
satellite. 


line SR service can be modified for 120 line 
display with comparatively little difficulty. 
Baseband video bandwidth for the IR 
"channel” of the 48 line SR system is 450 
Hz while the visible channel bandwidth is 
900 Hz. As with the APT mode, if 2400 Hz 
audio filters are used they should have a 
bandwidth at least equal to that of the 
channel in use to get full picture resolution. 

Operational Satellite Systems. There are 
two general - types of satellite systems of 
potential use to amateurs - polar orbiting 
satellites and geostationary satellites. Each 
will be discussed separately. 

Polar Orbiting Satellites. Polar orbiting 
satellites, actually in near polar orbits, 
provide continuous real-time transmission of 
cloud cover pictures on a worldwide basis. 
Table 2 summarizes the data on operational 
polar orbiting satellites. Each of these 
satellites provides either 2 or 3 useful day¬ 
light passes per day within range of a given 
ground station, and an equal number of night 
passes. All of the systems provide useful 
daylight coverage and some provide night 


pictures as well. ESSA 8, launched in late 
1968, is the oldest of the operational polar 
orbiting spacecraft and is the last of its 
series. Using a TV camera tube and trans¬ 
mitting APT pictures on 137.62 MHz, this 
satellite provides as many as three useful 
pictures on a single pass during daylight 

Name Frequency (MHz) Subpoint 

ATS 1 135.6 149° W 


ATS 3 135.6 69° W 


SMS 1 1691 75° W 


SMS 2 1691 115° W 

Table 3. Geostationary satellites 
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hours. The spacecraft is solar powered and is 
shut down on night sides of its orbit where 
the TV camera is non-functional. Early in 
1975 the performance of camera #1 
dropped past the useful level and camera #2 
was switched on to replace it. Late that year 
the camera shutter on the spacecraft began 
to malfunction - a prelude to total system 
failure in earlier satellites in the ESSA series. 
It is probable that this particular satellite 
may well be shut down by the time this 
article appears in print and no future 
satellites of the series are planned. 

The primary polar orbiting satellite series 
now in use and planned for use well into the 
1980s is the NOAA satellite series, of which 
NOAA 3 and 4, operational at the time this 
is written, are prime examples. These 
satellites transmit SR pictures at a frequency 
of 137.5 MHz with monthly one-day tests at 
137.62 MHz. Their orbits are essentially 
identical to that of ESSA and are chosen so 
that the satellite passes over a given location 
at about the same time every day. The SR 
systems aboard these spacecraft provide 
both visible and IR cloud cover pictures 
during daylight passes and IR pictures during 
evening passes. Photo 1 shows an example of 
both visible and IR data from a single pass. 
The data display is in the form of a 
continuous strip of picture material that is 
received as long as the spacecraft is above 
the horizon. The examples shown represent 
about 10 minutes of coverage from the pass 
in question. Such satellites are ideal for 
obtaining localized weather patterns, for it is 
possible to get a direct overhead view of 
local weather systems and for a single pass 
the weather pattern for about half of the 
North American continent - in a strip 
extending from Greenland to Yucatan - can 
be obtained for a station located in the 
north-central U.S. NOAA 4 is currently the 
primary spacecraft in the series with NOAA 
3 serving as a backup. If the orbit of NOAA 
3 brings it in conflict with NOAA 4, 3 is 
switched to 137.62 MHz. NOAA 5 is 
scheduled for launch in early 1976, at which 
point NOAA 3 will be deactivated and 
NOAA 4 will serve as the backup spacecraft 
if all goes well. 




the satellite is approximately 22,000 miles 
so its orbital period is exactly 24 hours. 
Since the satellite orbital period is equal to 
the period of rotation of the earth the 
satellite always maintains the same position 
over the equator. This position is known as 
the satellite subpoint. Since such a satellite 
maintains the same position over a point on 
the earth, as seen from the earth it appears 
to remain in the same part of the sky and 
hence need not be tracked - the antenna 
can merely be lined up and fixed in place. 
The extreme altitude of these satellites 


sive for most of us. The subject of S band 
receivers will be discussed later, just to show 
that the task is not beyond amateur capa¬ 
bility, Photo 3 is included as an example of 
SMS WEFAX reception, This particular 
picture was received by Roy Cawthon of 
Atlanta, Georgia, who has the only amateur 
S band system in operation at the time this 
is being written, just to show that amateurs 
are not lagging behind, Roy's station is one 
of only 5 in the world at the present time. 

All APT and SR satellite transmissions, 
regardless of frequency, use FM modulation 


infurmatim 




icport (23) describes a long 
antenna, a tube-type FM 
preamp, and a CRT display sys 
capability and modifications 
type of SR display. Later govc 
cations are available to upda 
for current standards. Kennedy 
completely up-to-date 


lciudinj 


FM 


viewed from them and they are an ideal 
camera platform for viewing the full earth 
disc or relaying signals from a ground station 
to any station within view of such a satellite. 
Table 3 summarizes the geostationary 
satellite systems of interest to amateurs. 
ATS I and 3 (ATS is an acronym for 
Applications Technology Satellite) are both 
experimental satellites to lest the feasibility 
of hemispherewide radio communications 
relays for a variety of purposes. One of the 
ways in which these satellites are used is in 
the transmission of WEFAX (weather 
facsimile) pictures in the APT mode. These 
pictures are transmitted on a frequency of 
13S.6 MHz on a regularly scheduled basis 
and include “predict" messages for calcu¬ 
lating orbits of the various polar orbiting 
satellites, gray scale transmissions, and cloud 
cover pictures. The latter are computer 
gridded to show lines of longitude and 
latitude and geographic boundaries. Photo 2 
shows a typical transmission of WEFAX data 
from ATS 3. If both satellites are in range of 
a given ground station it is possible to 
acquire cloud cover pictures spanning the 
entire world. Both of these satellites have 
been in operation for several years and 
should they fail they will not be replaced as 
they are strictly experimental. The WEFAX 
program, however, will be continued with a 
new series of geostationary satellites of the 
SMS/GOES type. The SMS satellites are 
prototypes of the operational system (SMS 
stands for Synchronous /Meteorological 
Satellite) while the GOES satellites 
(Geostationary Environmental Satellite) will 
be the operational versions. GOES 1 is 
scheduled for imminent launch as this is 
being written while SMS 1 and 2 are 
presently in orbit. These satellites produce 
extremely high resolution pictures which arc 
transmitted to special ground stations for 
computer processing. Although reception of 
the original pictures is still impractical (not 
impossible, it simply costs too much as yet), 
the computer processed versions are avail- 
ible, along with other products, as APT 
WEFAX transmissions. The major drawback 
af these satellites is that transmission takes 
Jlace on S band at 1691 MHz. Suitable 



Photo 3. An example of an SMS S band (1691 MHz) WEFAX transmissk 
received and displayed by Roy Cawthon of Atlanta, Georgia. Such pic, 
are derived from the very high resolution spin scan radiometer on 
spacecraft , which takes both visible and IR pictures of the full earth di. 
seen by the satellite. The pictures are gridded on the ground 
re-transmltted through the satellite. Operational versions of this series (G 
satellites) will transmit such pictures and a variety of other WEFAX prod, 




useful reading if you plan your own system 

particularly partial to simply because I wrote 
it! This one book contains all of the infor¬ 
mation required to construct a complete 
satellite receiving station including numerous 
accessories. The construction articles are 
complete and various options are presented 
for most system requirements. Chapters 
include antennas, receivers and preampli¬ 
fiers, CRT display systems, a FAX system, 
tracking, digital orbital timers, and ways to 
completely automate station operations. For 
those who would like to do additional 
background reading or who would wish to 
pul together a station based on several 
different options, the following references, 
grouped by subject, will be useful reading. 

Antennas. ATS or polar orbiting satellite 
reception requires the use of a circularly 


polarized antenna with the gain require¬ 
ments for ATS being somewhat more strin¬ 
gent than for the polar orbiting spacecraft. 
(9) describes a very simple yagi for manual 
tracking that is suitable for polar orbiting 
spacecraft if you have someone willing to 
stand outside and operate it! (21) describes 
the construction of a short crossed yagi 
antenna suitable for polar orbiting satellites 
and discusses various commercially available 
antennas suitable for ATS or polar orbiting 
systems. (23) describes a longer crossed yagi 
suitable for use with either ATS or ESSA 
and NOAA spacecraft. (22) includes some 
interesting ideas on antenna mounting which 
might prove useful. You will notice the 
emphasis on crossed yagi antennas for 
circular polarization. This is simply because 
they have proved far easier to construct and 
mount than helix antennas, the other major 
alternative (3), (7). (3) contains useful design 
and mechanical data for crossed yagis in the 


Space Communications chapter. 

Reception of S band SMS/GOES signals 
requires a dish antenna. NASA recommends 
a 10 foot dish but Roy Cawthon has gotten 
by with a 6 foot version. The use of modern 
low-noise transistors mas make possible the 
use of still smaller dishes in the order of 4 
feet. I certainly hope so since my own 
four-footer is mounted in the back sard 
pointing hopefully skyward! (3) contains 
construction details for a 10 foot stressed 
parabolic array but this antenna would have 
to be modified for permanent service. 
Numerous microwave antennas available on 
the surplus market are also an excellent 
approach. 

Satellite Receivers. Satellite receivers for 
135-138 MHz service should be FM with a 
30 kHz i-f bandpass (15 kHz selectivity). 
This will accommodate maximum signal 
deviation (9 kHz) plus worst case Doppler 
shift (4.5 kHz). Crystal controlled channel 
selection with crystals for 135.6 MHz (ATS), 
137.5 MHz (primary NOAA), and 137.62 
MHz (ESSA and backup NOAA) will be 
required. Sensitivity should be 0.1-0.2 
microvolts for 20 dB of quieting. Older 
receivers will require a preamplifier to set a 
desirable front end noise figure. A preamp 
mounted at the antenna is highly desirable as 
it effectively overcomes line losses that 
would otherwise degrade the system noise 

Reference (23) describes a tube-type 
receiver and mast-mounted preamp. (21) 
describes a kit, modifications to a com¬ 
mercial monitor receiver, commercially avail¬ 
able preamps, and tips on selecting a surplus 
receiver strip for weather satellite conver¬ 
sion. (6) describes a solid state receiver with 
PLL i-f that is very effective. Passable results 
can also be obtained by modification of a 
commercial FM tuner (9) but this is a very 
makeshift approach. 

Display Systems. There are two principal 
options for display of APT or SR pictures — 
a facsimile (FAX) recorder for printing 
pictures directly on paper and a cathode ray 
tube (CRT) display on a television-like 
screen in which the image is photographed 
for analysis. Both types of display systems 
are capable of resolving all of the picture 
details in either mode and each has its own 
advantages and disadvantages. FAX systems 
arc mechanical devices which make the 
picture display immune to factors such as 
stray magnetic fields that might distort a 
CRT display, yet they require some care to 
construct and operate and need some main¬ 
tenance to keep them in top operating 
condition. Some forms of FAX will give 
instant pictures with features visible during 
picture readout, while even the most 
involved photographic systems require only 
a few steps to view the picture. Some FAX 
systems excel at resolving fine structure in 
bright clouds that might be obscured by 
trace blooming in a poorly designed CRT 
system. The mechanical nature of FAX, 


*To be published in early 1976. 



Photo 4. Visible channel imagery from a NOAA 4 SR transmission as 
displayed on a photographic FAX system, in this case the images from the 48 
line SR system were displayed at 96 rpm with alternate lines (the IR image) 
electronically blanked. Such FAX systems provide extremely high quality, 
especially in defining the structure of bright cloud features. This particular 
pass (7 August 1975) was directly over the Great Lakes, which are faintly 
visible in the center of the picture. 
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Photo 5. Display of an APT, picture from ESSA 8 passing over the west coast. 
This picture was displayed by Unsay Winkler using a homemade continuous 
readout FAX machine and Alden electrolytic paper. Although such systems 
do not have the ultimate in fine detail of a photographic FAX or CRT 
system, they are still excellent. The slight degradation in image quality is 
compensated for by the fact that the image can be read out in normal room 
lighting and is visible as it comes out of the machine. Similar continuous 
readout recorders are excellent for present and future SR systems as well. 


however, means that you are fixed to a 
single size formal and changing picture 
modes involves complex mechanical and/or 
electrical changes or the construction of a 
recorder for each mode you wish to operate. 
CRT systems, in contrast, are relatively easy 
to construct and building them for multi- 
mode service is an easy task. Direct viewing 
of pictures is difficult, however, and photo¬ 
graphs are most desirable. This is one handi¬ 
cap of the CRT option. Polaroid film 
provides instant pictures but at some 
expense if you read out large numbers. Roll 
film provides very inexpensive recording of 
the pictures but at some delay while the film 
is processed and printed. Such photos can, 
however, be printed at any size desired. Use 
of a CRT system involves less "fuss” than a 
FAX display, which is a factor that makes 
it desirable in situations where only 
occasional use is required. Properly designed 
systems of both types will be about equal in 
overall performance so the selection task is 
complicated. Active satellite stations often 
have both types in operation to fit the needs 

The facsimile options are quite varied and 
a number of tradeoffs must be considered to 
determine which might be best for your use. 
The three major systems involve direct 
printing on film or paper using a modulated 
light source, printing on electrolytic paper, 
or printing on electrostatic paper. There is 
little doubt that photographic FAX systems 
offer the highest quality pictures - but at 
some inconvenience. They must be operated 
in the dark or near darkness in the case of 
systems that print on paper, and photo¬ 
graphic processing is required. Anderson’s 
pioneering work (2) describes a photo¬ 
graphic FAX system for APT use which 
prints on film. McKnight's modifications of 
this system (7) result in a system that is 
somewhat more convenient in that printing 
is done directly on paper, thus reducing cost 
and time required. Ruperto (11) describes a 
direct printing photographic system derived 
from the work of W6KT, and Taggart (20) 
provides a complete construction article for 
a 48 line NOAA system along the same lines. 
Although both (11) and (20) are designed 
for 48 line SR display, either could be 
modified for APT with little difficulty. (21) 
provides full construction information and 
design data for a FAX system for 48 or 96 
line SR display with modification notes for 
upgrading to future 120 line SR systems 
(Photo 4). With very slight modifications 
this recorder (120 line version) could also be 
used for APT service. Printing on electrolytic 
paper results in some loss of image quality 
but this is compensated for in some situa¬ 
tions by the fact that the pictures can be 
printed out for immediate viewing in a 
lighted room. Winkler's SSTV FAX system 
(25) could be easily modified for SR or APT 
use — in fact, the SSTV version was a 
spin-off from his various satellite recorders. 
Photo 5 shows a sample of Winkler’s APT 


readout on electrolytic paper - a picture 
from ESSA 8 in its better days! Electrostatic 
paper is perhaps the least satisfactory alter¬ 
native, mostly due to the difficulty in 
getting a suitably good gray scale. Winkler's 
modification of a surplus Western Union 
Deskfax machine (26) is perhaps the 
quickest way to get some sort of FAX 
system going. While hardly the equal of 
these other systems in picture quality, 
Osborne’s FAX recorder (10) certainly takes 
the prize for originality — it is built up 
around a windshield wiper motor and gear 
assembly! 

CRT system options are quite varied and 
many approaches are possible depending 
upon equipment already on hand. Three 
alternatives are presently the most popular — 
display on an oscilloscope, display on con¬ 
ventional SSTV monitors, or construction of 
a monitor tailored for satellite picture 
display. The oscilloscope approach involves 
construction of a suitable “black box” that 
will provide Z axis video modulation to the 


scope and appropriate waveforms for 
horizontal and vertical deflection. Osborne's 
circuit (9) is probably the simplest of these 
and will give satisfactory results in the APT 
mode if a better receiver is used. Toben’s 
circuit (22) is more complicated but will 
produce somewhat more reliable results. 
Kennedy’s system (6) is the most elegant of 
the group and will provide excellent results 
in both APT and SR service. 

The popularity of SSTV has led a number 
of people to experiment with display of 
satellite pictures on slow scan monitors. (13) 
is a very simple APT adapter that can be 
used with a number of monitor circuits and 
suitable modifications for adding SR display 
are included in (14). Additional circuit ideas 
are incorporated in (17) that permit use of 
the adapter with Robot monitors or even TV 
sets. Owners of Robot SSTV equipment 
should consider contacting Robert 
Schlocman WA7MOV, who has designed an 
excellent adapter circuit specifically tailored 
for use with the Robot SSTV monitor. 




Photo 6. A solid state multimode satellite monitor built by the author. This 
circuit is featured in the Weather Satellite Handbook (21) and has 
switch-selected options for display of 48 tine SR, future 120 line SR, and 
APT picture modes. Such monitors are compact and are quite easy to 
operate, making them a highly desirable project for stations seriously 
interested in weather. Using all new components and high class packaging, 
such a monitor still costs less than $300. Less elegant packaging and a search 
for junk box components can reduce costs to a fraction of this even in such a 
comparatively advanced project. 


The construction of a complete display 
monitor is perhaps the most reasonable 
approach for individuals lacking extra 
oscilloscopes or SSTV monitors. 
Vermillion’s report (23) describes a monitor 
of sorts built around a commercially avail¬ 
able oscilloscope module. Spillane (12) des¬ 
cribed an APT monitor using tube circuits 
that would still be useful with some modifi¬ 
cations of the sync detection circuits. The 
advanced version of Osborne’s circuit (9) is 
another choice for APT display. (21) des¬ 
cribes a complete multimode solid state 
satellite monitor complete with printed 
circuit artwork and component layouts. 
Photo 6 shows a version of this monitor 
which is also described in (21). The latter 
reference includes data on the simple addi¬ 
tion of 120 line SR capability which is 
incorporated in the unit shown (48 line SR, 
120 line SR, and APT capability). Such a 
monitor certainly represents the ultimate in 
a compact display system. 

Satellite Tracking. Although tracking of 
polar orbiting spacecraft appears to be an 
imposing task, it is not at all difficult to 
accomplish. (24) is interesting reading 
regarding satellite orbits in general and (15) 
outlines all the essential features involved in 
satellite tracking. (21) contains a full chapter 
on the subject which in addition to the 
tracking of polar orbiting satellites also 
includes aiming data for geostationary 
satellites, alternate sources of tracking data, 
and a simplified model for long term orbital 
predictions. 


Accessories. These components include 
desirable station features that are not abso¬ 
lutely necessary but do improve operating 
convenience. (16) describes a digital orbital 
timer that eliminates the need to acquire 
daily prediction data or interpolate from a 
clock when tracking and (18) describes the 
use of such a timer to completely automate 
station operations, including turning on the 
recorder, tracking, and station shutdown at 
the end of a pass. (17) includes some useful 
accessories such as an active 2400 Hz filter 
and a crystal controlled 2400 Hz reference 
source, either of which would be a useful 
addition to many of the systems covered in 
these references. Brush (4) describes a novel 
circuit for contrast enhancement in the SR 
IR channel display and (23) includes a more 
complicated circuit to accomplish much the 
same task for FAX display. 

This about covers most of the technical 
features. A very interesting summary of 
different weather satellite products is con¬ 
tained in a report by Hoppe (5) that not 
only describes the pictures from various 
satellite systems but also shows the different 
ways in which these are computer processed 
and mosaicked for greater utility. If you get 
a system in operation you might wish to 
learn a little more about how the cloud 
systems you see relate to surface weather. A 
wealth of information on this subject is 
contained in Anderson's paper (I) which, 
with a little study, will enable you to derive 
really meaningful data from your cloud 
pictures. 


Now there are probably lots of readers of 
this article who might never consider setting 
up a satellite station. You have read this 
article out of curiosity and the desire to 
simply learn a little bit about another facet 
of this far-flung hobby of ours. This is one 
of the things that makes it interesting to 
receive your magazine every month. But 
even if you are not interested in weather 
satellites, let me outline a challenge that may 
appeal to some of you. I have mentioned 
previously the difficulties involved in putting 
together a suitable S band converter for use 
with the SMS/GOES satellite series. The 
commercial modules (8) are far too expen¬ 
sive for most satellite buffs and Roy 
Cawthon's success was due in large part to 
his willingness to invest a fair amount of 
money and a huge block of time in getting 
his system going. It is not one that could be 
easily duplicated by stations now receiving 
ATS WEFAX who would like to get in on 
the action up on S band. Several amateurs 
are actively working on the design and 
construction of suitable S band converters in 
the hopes of pushing down price and com¬ 
plexity to the point that others could think 
seriously about adding S band capability to 
their operations. It is too early to say if 
these efforts will be successful but it is a 
virtual certainty that a lot of you out there 
are seriously interested in UHF and micro- 
wave experimentation. A successful S band 
converter would be a boon to satellite 
stations throughout the world and there is 
no doubt that should any of you develop 
such a system, you could certainly put 
together a description of the circuit that 
would instantly be accepted by a magazine 
like 73. The specifications run something 
like this: 

Input Frequency - 1691 MHz 
Output Frequency - 137.5 MHz 
Front end noise figure - 2.54.5 dB 
Front end gain - 20 dB min. 

Mixer noise figure — 9.5 dB max (assuming 
1.5-2 dB first i-f noise figure) 

NASA’s solution is a $900 preamp, a $200 
mixer, and a $900 LO chain for a total 
converter cost of $2000. With today’s tech¬ 
nology it would seem that amateurs could 
do the same job for $200 - maybe a little 
more, perhaps somewhat less. Any UHF or 
microwave buffs out there who would like 
to give it a try? I would be happy to 
correspond with anyone who would. Any 
approach is valid although perhaps micro¬ 
striplines are best from the point of view of 
easy duplication. Maybe you like to design 
but hate to build, in which case micro¬ 
stripline design data around specific rf tran¬ 
sistors would be most welcome - needless to 
say full credit would be given for any 
successful design input. Perhaps you have 
access to suitable S band test equipment and 
would be willing to help set up gear that 
others might construct — if so I would 
certainly like to hear from you. An easily 






duplicated S band converter would make 
you famous in weather satellite circles even 
if you never watch a single picture — see 
how easy it is to get involved? Hundreds of 
APT stations throughout the world will be 
out of business in terms of WEFAX if such a 
converter is not forthcoming before the ATS 
satellites expire. This one area is certainly a 
challenge to anyone with the expertise to 
once again show the “professionals” what 
amateur radio can accomplish. The more 
people who are working on this particular 
task the more certain will be an eventual 
solution! 

Experimenting with weather satellites is 
certainly one of the more fascinating 
peripheral areas in which amateurs can 
participate. One of the simpler systems 
represents an ideal short-term project to 
discover if you might be interested, but even 
the most sophisticated systems, equal to 
commercial display units costing over 
$10,000, need not be expensive. The multi- 
mode monitor shown in Photo 6 is capable 
of displaying pictures from present and 
future APT and SR systems and yet even 
with the comparatively “deluxe” packaging 
employed it can be built for less than $300 
— less than a commercial SSTV monitor. For 
less than what some amateurs are willing to 
spend on one of the newer FM transceivers it 
is possible to construct a complete satellite 
station that will operate when you aren’t 
even home. Stations with fewer refinements 
have been constructed by students as science 
fair projects for a small fraction of this cost. 
Why not look through some of these 
references and give it a try? ■ 
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Photo 7. One drawback in improperly operated CRT display systems is that 
trace "blooming" often obscures fine features in very bright clouds. This 
photo of a NOAA pass over the central U.S. on a very cloudy winter day 
shows that properly operated CRT systems need not have this problem. This 
particular picture was displayed on the 5" CRT monitor described in 
reference (19). 
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Scan Your HR2I2 


W arning some type of scanner for my an rf path for the crystal to turn on. the back of the box and brought the nine 

Regency HR212, I got out all my I use a +2 volt signal to stop scan and a wires out the HR212 to the female plug, 
ham magazines and came upon the scanner zero volt signal to enable scan. You can take Also, I mounted six SPST toggle switches in 
described by K2LZG in the February 1973 the squelch voltage off the white jumper series with the oscillators to the scanner, so I 
issue of Ham Radio. I had never built wire which is located near Q105 and Cl 37 can switch any channel out I don't want to 
anything using ICs, so I said to myself you located on the i-f-audio board. You can pick monitor. I mounted a SPST switch in series 
might as well get started now as never. After up the 12 volts anywhere after the on-off with the 12 volts to the scanner to switch 
many nights of burning the midnight oil, I switch; I took mine off the red wire on the off the scanner when I want to transmit. I 
finally came up with the right hookup for on-off switch. To connect the six oscillators use a MAN-1 7 segment readout for the 
the HR212. to the scanner I connected six wires, one to channel indicator. 

each rf choke {L501 through LS06). Be sure 

The channel selector in the HR212 to connect to the side of the choke going to To use as a scanner just turn the channel 
applies a ground to the appropriate rf choke the channel switch. I built my unit in a small switch to any unused channel and flip on the 
(LS01 through L5I2) which places a for- plastic case obtained at the local Radio 12 volts, and scan away to your heart’s 
ward bias on the diode. This action provides Shack. I used a small male jack mounted on content. ■ 



1 SQUELCH 

2 +12 V 
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Computer Languages— 

Simplified 


A nyone who wants to 
use a computer has to 
have a way to communicate 
with it. This article is a simple 
introduction to some of the 
languages which are used for 
that purpose. It is intended 
for rank beginners, so all of 
the programmers, software 
freaks and computer hot dogs 
in the audience might as well 
stop here. For anyone else, 
I'm going to try to keep 
everything in English (which 
is not a computer language, 
unfortunately) and avoid as 
much computerese as 
possible. So here goes. 

One might start by asking, 
"Why have computer 
languages at all?” Back in the 
dark ages 25 or 30 years ago 
they didn't - the machines 
were wired up to do a certain 
thing and that's what they 
did. But, somewhere along 
the road, some bright fellow 
realized that it would be 
much more efficient if you 
could feed the machine a 
fairly long set of instructions 
and let it follow them. This 
also made for much greater 
flexibility, since you could 
give the machine different 
sets of instructions. These 
instructions are what a com¬ 
puter language communi¬ 
cates, and this article will go 
over some of the more com¬ 
mon ones, to wit: Assembler, 
BASIC, FORTRAN, PL/1, 
COBOL and a little bit about 
some of the more specialized 
ones. But first let’s look a 
little bit more at the nature 
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of the beast we’re dealing 
with. 

It is helpful to think of a 
computer as a glorified elec¬ 
tronic calculator. In fact, 
some of the more modern 
calculators really are com¬ 
puters. But let's look at the 
average four function calcu¬ 
lator. It has a display, which 
is called an output device in 
computerese, and it has a 
keyboard, which is an input 
device. To do anything with 
it, you have to enter the 
numbers through the key¬ 
board and then enter what 
you want done with them, be 
it to add them or whatever. 


But suppose you want to do a 
mortgage calculation — say, 
figure out what your interest 
payments and principal pay¬ 
ments are going to be each 
month for the life of the 20 
year mortgage. This means 
that you're going to have to 
do a very repetitive calcula¬ 
tion 240 times. It is to avoid 
this sort of hassle that real 
computers (and some fancy 
calculators) have stored 
program capacity — a stored 
program being nothing but a 
set of instructions inside the 


machine which get done 
without your standing there 
pushing all of the buttons 
each time. But now we have 
to get this set of instructions 
inside the machine, and that 
is where programming 
languages come in. We need a 
way to communicate the 
instructions to the machine. 

In the case of a calculator, 
this isn’t much of a problem. 
The “Instruction Set" (list of 
all of the instructions which 
the machine is able to follow) 
is hard-wired in. If you want 
it to add, you push +. This is 
obviously not too good an 
idea for a large computer, 
since the number of buttons 


gets pretty large. Besides, you 
tend to run out of symbols, 
which makes everything even 
more confusing. So we need 
some sort of language. The 
simplest one is called 
“machine language" and is 
the closest we can get to what 
the machine actually speaks. 
However, as any of you who 
have been following the 
articles in 73 about gates and 
such know, computers and 
other digital machines run on 
high and low levels of voltage. 
Since this is rather hard to 


see, we usually represent it 
with ones and zeros, or on 
and off lights. The whole 
thing is like trying to com¬ 
municate using RTTY but 
doing it by ear instead of 
with a TTY machine, which is 
to say that it’s a royal pain. 
Anyone who’s into inter¬ 
preting things like 01001101 
01100001 and so forth can 
really get off on it, but for 
most of us there's gotta be a 
better way. Fortunately there 
is. Incidentally, if you ever 
get a microcomputer, those 
switches and lights on the 
front panel are used to com¬ 
municate with the thing in 
machine language. 

The next sort of language 
developed, and the one which 
is most widely available for 
microprocessors these days, is 
the assembler. Each type of 
computer has its own version; 
what it is, in short, is machine 
level logic — but using 
symbols and normal numbers 
rather than ones and zilches. 
Assembler is related to what 
you do with a calculator - in 
fact, any of you who own or 
use HP calculators have been 
using a version of assembler 
language usually known as 
Reverse Polish Notation. With 
an assembler language, you 
specify what number you 
want, where you want it put 
and what you want done with 
it; for example (to use HP 
assembler): “12, ENTER 
[which puts it in the region 
where the arithmetic is 
done], 2, x" multiplies 12 
times 2 and comes up with 


Machine language is the closest we can get 
to what the machine actually speaks. 




24. All assembler languages 
work this way, although 
many of them have dozens of 

commands and hundreds of 
locations where things can be 
put or obtained. This sort of 
computer language has a lot 
of advantages. It's very 
efficient not only where 
memory is concerned, but 
also with regard to execution 
time. This means that it's 
cheap to use. The assembler 
(the program which translates 
it into machine language) 
doesn’t take up much 
memory either, which means 
it can be used in a micropro¬ 
cessor which doesn’t have 
much memory (and memory 
costs like the devil, even these 
days). Using assembler, you 
can also anticipate situations 
where the machine might do 
something unexpected, since 
you’re on the machine’s 
logical level. Of course, it's 
got its problems too. It’s hard 
to learn, not easy to use well, 
hard to debug (find errors) 
and is “machine dependent," 
which means that each 
machine has its own. To sum 
it up, a lot of people don’t 
like to have to write: 
“12, enter, 2, x." They’d 
rather write “A-12 x 2.” This 


is what "high level” languages 
let you do, along with all 
sorts of other convenient 
things. For this reason, 
almost all programming these 
days is done with one of the 
various high level languages, 
and the rest of this article will 
be about some of the more 
common of them. 

First of all, a high level 
language is a computer 
language that is based on 
some combination of English 
and algebra. So, to write two 
plus two you would usually 
write "2+2.” To tell the 
machine to print, you write 
PRINT, WRITE or something 
of that nature. The one thing 
to watch out for is that, 
although there are many 
different ways of writing one 
thing in English (and to a 
certain extent in algebra), a 
high level computer language 
has a very narrowly defined 
structure and vocabulary. 
This means that the computer 
equivalent of “1 ain’t got 
none” will be rejected. In 
other words, you have to be 
very careful when writing any 
sort of program for a com¬ 
puter, since errors (the com¬ 
puterese term is glitches) get 
caught faster than they would 


be by an old-fashioned high 
school English tocher. 

Continuing the compar¬ 
ison with human languages, 
there are lots of different 
ones for computers, too. At 
first each company developed 
its own; now many of them 
are standard and thus can be 
used on any machine with 
few, if any, changes — unlike 
assembler languages. We still 
have a lot of computer 
languages, though. For 
example, the last time I 
checked the documentation, 
there were something like 35 
different high level languages 
available for use with the 
University of Michigan com¬ 
puter system. The reason for 
having so many is that each 
language is designed to do 
some particular thing well (in 
jargon, they are problem 
based rather than machine 
based). This means that one 
language is good for mathe¬ 
matics (also called number¬ 
crunching), one is goad for 
electronic circuit design, 
another for library use, and 
so forth. There are also a 
couple of general purpose 
languages - which happen to 
be the most popular for 
obvious reasons. 


It would be a pain to have 
to spend a fesv sveeks master¬ 
ing a new computer language 
every time you wanted to do 
something different with a 
computer - not to mention 
that you have to buy (c r 
write) a special translating 
program (called a compiler) 
for each one — and that can 
get very expensive (much 
more than the cost of the 
computer itself). So let's look 
at some useful, fairly general 
purpose languages. 

BASIC, which stands for 
"Beginners’ All-purpose 
Symbolic Instruction Code,” 
was developed at Dartmouth 
College a number of years 
back. It was designed for 
people who knew nothing 
about computers but who 
wanted to use them. Few 
dyed-in-the-wool program¬ 
mers care much for it, but 
most non-programmers love 
it. It's based on algebra, and 
the non-algebra parts of it are 
in plain English. For example, 
to enter two numbers into 
the machine, multiply them, 
divide one by the other and 
print the results, you would 

wr 'nN A, B 

2 LET C = A * B 

3 LET D = A / B 

4 PRINT C, D 

(* is the standard symbol 
for "times” on a computer) 

This language has quite a 
few advantages. It’s easy to 
learn, easy to use, and there 
are lots of books around 
which help people learn it. 
Equally important, there are 
lots of programs already 
written and published in it 
(these are called canned pro¬ 
grams), and quite a few com¬ 
puters can use it. In particu¬ 
lar, Altair has two (going on 
three) versions out at the 
moment, and other micro¬ 
computer manufacturers are 
making noises about supply¬ 
ing it — or so I read. The 
compiler (remember, that’s 
the program which translates 
the things you write into the 
machine's language) doesn’t 
take up too much memory 




either, which means that 
BASIC is suitable for small 
computer systems where 
memory is limited. A final 
advantage is that BASIC is 
fairly flexible — especially the 
advanced systems. You can 
do many if not most of the 
same things with it as you 
could do with FORTRAN or 
PL/1, although the program¬ 
ming effort might be greater. 

It does have some disad¬ 
vantages, though. BASIC has 
no mnemonic variables. This 
means that you have to 
remember that A stands for 
current, E for voltage and so 
on. In a more advanced 
language you could write 
AMPS, EMF, etc. This isn’t so 
bad if you’re working with 
standardized symbols, but 
gets to be a disadvantage 
when you try to remember 
which was Accounts Payable 
and which was Accounts 
Receivable. Also, BASIC is 
somewhat limited as to what 
you can do with Input/ 
Output. This only makes a 
difference if you are working 
with a big system that gives 
you lots of choices — it isn’t 
of too much concern for a 
home computer system or a 
small business one. Finally, 
BASIC is structured some¬ 
what along the same lines as 
FORTRAN, which is the 
oldest computer language still 
in use. This means that it 
does a lot of things in harder 
more roundabout ways than 
some of the newer languages, 
like PL/1. For example, its 
"either-or” choice is rather 
cumbersome to write. It’s still 
a great language to play 
around with, though. 

FORTRAN is probably 
the best known of the various 
computer languages, partly 
because it’s one of the oldest. 
The name stands for FOR- 
mula TRANslation, and it 
was developed by IBM back 
in the early 1950s. It and the 
B-Zero language developed by 
Univac were the first high 
level languages used. No one 
uses B-Zero today (few have 
even heard of it), but 
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FORTRAN is probably the 
most widely used computer 
language in the United States. 
Of course, the FORTRAN we 
use now isn’t the same as the 
FORTRAN introduced back 
in 1957 - just as the English 
we speak now isn’t the same 
language as the people in 
England spoke back in 1066. 
There have been three official 
versions of FORTRAN: 
FORTRAN (the original), 
FORTRAN II and 
FORTRAN IV. Number three 
got lost in the middle some¬ 
where. Most computers these 
days use FORTRAN IV, 
although there are some mini¬ 
computers around that still 
use FORTRAN II; some of 
these compilers might be 
adaptable to microcomputer 
use. Anyway, as you might 
guess from the name of the 
beast, FORTRAN is basically 
a scientific computer 
language; it was developed to 
make it easier to solve mathe¬ 
matical-type problems for 
science and engineering. Over 
the years the language has 
expanded to the point where 
it is usable as a general pur¬ 
pose language, so it can do a 


lot more than simply crunch 
numbers. Moreover, since it’s 
such a popular language, 
there are who-knows-how- 
many programs written (and 
sometimes published) in it, 
which makes it much easier 
to solve a given problem 
(since you can frequently just 
type in a canned program). 
The same structural problems 
encountered in BASIC are 
part of FORTRAN, but these 
have already been covered. 
Perhaps more important for 
anyone who wanted to use 
FORTRAN on a microcom¬ 


puter, the compiler (remem¬ 
ber? the program which trans- 
lates it into machine 
language) takes up much 
more memory than a BASIC 
compiler, though much less 
than one for most other high 
level languages. One keeps 
hearing hints that one of 
these days someone may 
develop a version which is 
usable on a microcomputer, 
but I haven’t seen any 
announcements yet. 

While FORTRAN was 
developed for scientific use, 
COBOL was developed for 
business use. It’s the language 
used by the U.S. government 
for a lot of their stuff, so it’s 
got a pretty wide circulation. 
Needless to say, many 
businesses use it, too. From 
the little work I've done with 
it myself, it seems that you 
spend most of your time 
defining what your printout 
is going to look like and what 
the information which you 
feed into the thing is going to 
look like (the jargon for this 
is format definition). It also 
takes lots more memory than 
one would probably want to 
pay for in a microcomputer — 


unless he wanted to do sub¬ 
contracting for the govern¬ 
ment. 

Up until the early 1960s, 
most computers were either 
scientific- or business- 
oriented, and a machine 
which was designed for one 
didn’t usually work too well 
for the other. Then IBM 
started making their general 
purpose machines, and most 
other people followed suit. 
At about the same time, 
people started to worry about 
a general purpose computer 
language. A number were 


developed, of which my 
favorite (just for the name) is 
MAD (Michigan Algorithmic 
Decoder) which was brought 
to us by the folks at the 
University of Michigan Com¬ 
puting Center. Then IBM got 
into the act, and, lo and 
behold, out popped PL/1 
(Programming Language 
One). The best description 
that I can think of is that it 
was designed to out-fortran 
FORTRAN and to out-cobol 
COBOL all at the same time. 
It does a pretty good job of 
it, too. I'm always amazed at 
all of the nice things you can 
do with PL/1; to use the 
computerese phrase, it has 
more bells and whistles (extra 
options) than you can shake a 
stick at. Unfortunately, it 
also uses more memory than 
you can shake a stick at, 
which makes it too expensive 
for microcomputer use (or 
even timesharing use if you 
have to watch your costs). 
But never fear, one of these 
days we may be seeing a 
scaled down version of PL/1 
(called PL/M) which keeps a 
lot of the nice features 
without taking up more 
memory than most of us 
mere taxpayers can afford. 
To give an example of the 
sort of nice thing the 
language can do (among 
others), it lets you write a 
simple either/or statement (if 
this is true, do one thing; 
otherwise do this other 
thing), whereas to do that in 
most other languages you 
have to play hopscotch with 
the line numbers. In short, 
PL/1 is a great language, and 
if a cheap compiler ever 
comes out, I hope I own the 
microcomputer it’s written 
for! 

Another new language, 
again by IBM, is APL. I will 
confess here and now that 
I’ve never used it, so what I 
say is taken from what people 
who have used it have told 
me. This is a very powerful 
language; it can do in one line 
what most other languages 
require five or more to do. It 


BASIC ... was designed for people who 
know nothing about computers, but who 
want to use them. 



is not yet widely used; unless 
I’m mistaken (which is quite 
possible) IBM is the only 
company which makes com¬ 
pilers for it. It is, however, 
designed for the sort of sit- 
do wn-at-your-computer use 
that most hobby users 
probably have in mind. And 
good news! It’s available for a 
microcomputer. The bad 
news is that said machine is 
the IBM 5100 and it runs 
about 10k - and those are 
kilobucks, not kilobytes. 
Anyway, the scuttlebutt has 
it that APL is one of the 
languages to watch, so keep 
your eyes peeled. 

I mentioned a while back 
that, in addition to the 
general purpose languages I’ve 
discussed so far, there are 
quite a few special purpose 
ones. For a hobby user (or 
would-be user) these aren’t 
too important, but just to be 
more or less complete I’ll 
mention a few which are 
good with which to impress 
people (besides being good to 


know about if you tend to be SPITBOL and so forth, 

around computer hot dogs Finally, there is at least one 

who like to talk about such language used to design elec- 

things). There is RPG, which tronic circuits - unfortun- 

is a Report Generating ately all my electrical ertgi- 

language, and therefore much neering friends seem to be 

used for business and that able to tell me is that it exists 

sort of computing. Then and Professor Zilch men- 

there are several languages tioned it. 

used to write simulations. (A As a brief review, one 
simulation is like a computer needs some sort of language 


FORTRAN .. . does things in harder 
more roundabout ways than some of the 
newer languages, like PL/1. 


game except people take it to give a computer instruc- 
seriously. Come to think of tions. You can operate on the 
it, I know a couple of people machine's level (called 
who take the Star Trek game machine language) and feed it 
seriously, but we'll ignore ones and zeros. Or, you can 
that.) These languages are stay on the machine's logical 
things like GASP, GPSS and level but use decimal numbers 
so forth. There are a fair and abbreviated commands, 
number of languages used for This is called an assembler 
crunching words instead of language, and requires a 
numbers — SNOBOL, separate program for transla¬ 


tion into machine language. 
Finally, you can use a com¬ 
bination of human logic and 
normal words and symbols, 
which is called a high level 
language. This requires a pro¬ 
gram to translate it into 
machine language again, and 
such a program is called a 
compiler. The principal 
advantages of high level 
languages are that they are 
easy to learn, easy to use, and 
are the same for any machine. 
They are not nearly so effi¬ 
cient as assembler language 
from the computer’s point of 
view, but they are much more 
efficient from our point of 
view — and that’s usually 
what counts. ■ 
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CREDIT LIMARC 


K2L10. LIMARC president, and 
WA2WKV, who organized the event 
for LIMARC. feel that cooperative 
effort by many radio groups such as 






between W2WLS/2 and W2NIP. Arne 
teur color TV transmissions were also 
demonstrated as was a complete solid 
state ATV transmitter developed by 
W2TRP. Other participating ATVers 
were WA2APJ, W2ZUC, WA2FHF 
and W2KPQ. 


THE WHITE HOUSE? 


boat built by WB2AQM. 

K2QPF. emergency coordinator for 
the town of Oyster Bay. demonstrated 


UNLOCKING PLL'S 


McCarthy, and any interested readei 
that the book Phase Locked Lot 
Systems, published by Motorola ai 
reviewed in the Nov/Dec 1975 issue 
73 under the heading "For Your Ey 
Only," is no longer available. 

Immediately after reading tl 
it off a check to Motoro 


knowledgeable in the field 
't make heads or tails out of 
the stuff in OST and the 


a copy of this b 


in C. Webster VP2DN 


:y for all CW rai 




0 dropped from 15 wpm to 10 
wpm. It looks like in this day of 
microwave, troposcatter, and satellite 



WA2WKV, 


LIMARC: 
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AVery Cheap I/O — the Model 15 


C ontrary to the opinion 
expressed often in com¬ 
puter hobbyist publications, 
Baudot is not dead! It is alive 
and well, especially in Tyler, 
Texas! Frankly, I am glad I 
learned years ago not to 
believe everything I find in 
print. If I had, my Model 15 
Teletype® would not be 
speaking BASIC today. I 
want to make it clear at the 
outset that this article is not 
intended to foster a Baudot/ 
ASCII split among computer 
hobbyists. Nor is it written to 
argue the relative merits of 
one system over the other. I 
wish simply to demonstrate 
that a Baudot machine can be 
made an effective and useful 
hard copy peripheral in a 
hobby computer system. 

Permit me to digress a 
moment from the main sub¬ 
ject — Baudot - to comment 
in a more general way on 
these people we call 
“hobbyists.” Although they 
come in many different 
varieties depending on 
interest and ability, there 
seems to be a common thread 
running between them: the 
need to be creative with their 
hands, heads, or both. For 
instance, there can be no 
greater pleasure for an elec¬ 
tronic hobbyist than to sit 
back and watch his junk box 
creation perform like its 
“store bought” counterpart. 
At that moment he feels a 
sense of accomplishment 
unobtainable in many other 
pursuits of life. This “make 
do with what you have” 
philosophy is a reflection of 
the spirit that has brought 


man to his stately position 
among the world’s lesser 
creatures. The hobbyist has 
the opportunity to foster this 
spirit each time he digs into 
his junk box for a new 
project. Unless you think I 
am only talking about an 
electronic junk box, let me 
remind you that a 16K word 
memory filled with NOPs is 
in a sense a junk box as well! 

What does all this philoso¬ 
phical wandering have to do 
with Baudot? Simply this: 
There are people who say 
Baudot is obsolete and Tele¬ 
types that speak it are junk. 
Now, can’t you see the eyes 
of some hobbyist light up 
when the word “junk” is 
mentioned? The very word 
carries with it a challenge he 
cannot resist. Out to the 
storeroom he goes to retrieve 
his old Model 15. The re¬ 
newing of the hobbyist spirit 
has begun! There he goes ... 
Watch him ... Next stop 
Baudot BASIC! 

About six months ago, a 
friend and I were taking just 
such a challenge. We have 
made quite a lot of progress 
since then. In our present 
state of excitement we want 
to share some of the know¬ 
ledge gained and lessons 


learned. We hope our success 
will encourage some “junk 
box digging” by readers of 
73. 

Getting Started 

The best place to begin is 
in the pages of a book on 
Baudot Teletypes. One good 
choice is Wayne Green’s 


RTTY Handbook (Tab 
Books). Learn the theory of 
teleprinter operation and 
become familiar with the 
different machines available. 

Next, begin your search 
for a machine. This will 
probably require some foot¬ 
work and a little time. If you 


live close to a large city start 




Fig. 2. Computer interface for software I/O. Labels reflect 
Altair 8800 bus. Points A and B refer to Fig. 1. All ICs are 
7400 series — low power except 7401. 


TELETYPE 

SPEED 11 10 


PRESET COUNT 


8 7 6 


4 3 2 


0 


1 0 


1 1 
0 0 


0 


0 


0 


0 


0 


0 


Table 1. Baud rate set up for Baudot Teletypes on Altair 8800 serial I/O boards. 


u 




by looking in the yellow 
pages under junk dealers and 
electronic surplus houses. 
Make a few phone calls, ask 
questions, and follow leads. 
There are mail order com¬ 
panies that have teleprinter 


equipment. Check the back 
pages and classified ads of 
amateur and computer 
hobbyist magazines. Write a 
few inquiries and get quota¬ 
tions - ask for the specific 
machine you want. Get in 


touch with local radio ama¬ 
teurs and see if they can help. 
Hams generally have a good 
attitude toward hobbyists of 
other persuasions and go out 
of their way to help. You 
might find a ham with a spare 


Teletype that he would be 
willing to loan out until you 
can get your own. 

Give Western Union and 
Bell Telephone a call. If you 
can get through to the right 
people you may have a 
chance of getting a free 
machine. I have heard of this 
approach yielding success 
more than once. In these 
inquiries be sure to emphasize 
the “hobby” nature of your 
interest! Above all don’t get 
disappointed and give up too 
soon. There are thousands of 
these machines out there — 
probably one with your name 
on it! 

The Care and Feeding of a 
Model 15 (or Similar) 

As the owner of a Baudot 
Teletype you should take 
some pride in your new 
possession. Over the years the 
Model 15 Teletype has gained 
an excellent reputation 
among people who appreciate 
well-engineered mechanical 
devices. Most of its moving 
parts are made of case- 
hardened steel. When a part 
does wear there is generally 
an adjustment somewhere to 
take up the slack. If you can 
find a maintenance manual, 
get it and use it. Your efforts 
will pay off in many years of 
reliable service. I have often 
heard Model 15 owners say 
not to worry with cleaning 
the working parts — the 
worse it looks the smoother it 
operates. A friend has a 
Model 15 with several more 
layers of dirt and grease than 
mine. Not only does his key¬ 
board have a lighter touch 
but his printer is several 
decibels quieter! Remember 
to keep machine oil in the 
cups and on the clutch felts. 
With reasonable care your 
machine should serve you 
well for years to come. 

The Interfacing Problem: At 
the Teletype End 

Normally the Teletype will 
have two connecting cables: 
one for send (the keyboard) 
and the other for receive 
(printer magnet). For testing 






purposes the two can be 
series-connected with a power 
supply and current limiting 
resistor. Connected in this 
way the machine will type to 
itself. Teletype users call this 
“local loop” operation. For 
computer use the send and 
receive cables must be con¬ 
nected separately. Fig. 1 
shows a transistorized switch¬ 
ing circuit that provides the 
necessary TTL level signals 
for a computer interface. 

The following notes refer 
to Fig. 1: 

1. The use of a high voltage 
supply (100 to 120 volts) is 
recommended since it pro¬ 
vides the simplest and most 
reliable operation. Of course, 
the driver transistor must be a 
high voltage type similar to 
the one shown. 

2. Make certain that the 
local-line switch is a non¬ 
shorting (break-before-make) 
type. 120 volts is not a TTL 
level! A telephone type lever 
switch is ideal. 

3. The printer magnets 
(usually there are two 
mounted side by side) can be 
connected in series or 
parallel. The circuit shown 
assumes a parallel connection. 
Adjust the slide on the power 
resistor for 60 mA in the 
magnet circuit. 

4. Notice that in the local 
position the keyboard con¬ 
tacts are switching the full 60 
mA at 120 volts. The contact 
arcing seems to do wonders 
for cleaning up noise 
problems in the keyboard. In 
the line position, the key¬ 
board is switching to ground 
and the printer will accept 
TTL logic levels. 

5. Make absolutely certain 
that the Teletype and all 
computer circuits share a 
good ground system. In fact, 
connect the Teletype chassis 
to the computer ground with 
a separate heavy wire. We 
have experienced ac tran¬ 
sients on interface lines when 
the ground connection on the 
Teletype was inadvertently 
broken. On one occasion we 
lost some TTL in our Altair 
during such an occurrence. 


LOWER CASE 


UPPER CASE 


BLNK 

FGS 

LTR 


000 BLNK 

033 FGS 

037 LTR 

Table 2. Baudot-octal conversion. 


The Interfacing Problem: At 
the Computer End 

There are several schemes 
available to perform the serial 
input/output function at the 
computer. A UART (Uni¬ 
versal Asynchronous Receiver 
Transmitter) is readily 
adaptable to five level Baudot 
code. The UART represents a 
hardware solution to the 
problem. The serial/parallel 
conversion can also be 
handled by computer soft¬ 
ware. This simplifies the hard¬ 
ware requirement but ties up 
the CPU during input/output 
operation. The circuit in Fig. 
2 and the accompanying soft¬ 
ware listing will illustrate this 
latter technique as applied in 
an Altair 8800 system. 

Although the software I/O 
system is probably not a good 
long-term solution to your 
I/O needs, it does offer a 
quick and simple approach to 
getting your Teletype on-line. 
Fig. 2 is very similar to the 
interface circuitry necessary 
for a cassette interface of the 
Suding type. If you later 
change your I/O to a UART 


type, you can use this circuit 
to build up a cassette inter¬ 
face. 

To check out the software 
I/O, make the following test: 

1. At a memory location 
above the I/O routines, load a 
main program similar to: 

LXI SP, LOOP + 10 
LOOP CALL INPUT 

CALL OUTPUT 
JMP LOOP 

2. EXAMINE the starting 
location of the main program 
and begin execution. 

3. The printer should now 
echo keyboard entries. 

In our Altair 8800 system 
we have used several home 
brew I/O interfaces with 
success. Our original circuit 
followed in design the "Basic 
Stunt Box” on page 299 of 
RTTY Handbook. This 
circuit was modified and 
i m p r oved through several 
generations. Most recently we 
have used a MITS SIOC inter¬ 
face board with a few simple 
modifications (see below). 
The MITS board is UART- 
based, with a software con¬ 
trolled interrupt scheme we 


have found very useful. 
Processor Technology’s board 
is currently being used by 
Frank Corlett WA5BNK with 
his Altair 8800 and a Model 
28. After a great deal of 
experimenting, we have little 
doubt that a UART-based I/O 
interface is best. 

The MITS SIOC board was 
originally intended for use 



Fig. 3. Teletype drive circuits 
for MITS SIOC interface with 
modification for connection 
to a Mode115 Teletype. 
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with a Model 33 Teletype. To 
use it with a Model 15 or 
similar machine, make the 
modifications shown in Fig. 
3. 

In preparing the MITS 
board, the number of stop 
bits must be selected. The 
five level Baudot code con¬ 
sists of a start, stop and five 
coded data pulses. The start 
and data pulses are 22 ms 
each (60 word per minute 
machines) while the stop is 
31 ms, about Vh times the 
others. Theoretically, the 
stop pulse generated by the 
serial I/O circuit should be 
Vh times the length of the 
start and data pulses. The 
MITS SIOC board has pro¬ 
vision for 1 or 2 stop pulses 
only. Our experience has 
shown that both choices 
work satisfactorily. One stop 
pulse types a little faster than 
normal, 2 stop pulses a little 
slower. We have used the 1 
stop bit set up for some time 
without any problems. A 
UART is available that pro¬ 


vides the correct 1 Zi stop bits 
but we don’t believe you 
need to be too concerned 
about getting one. 

As you implement a 
Baudot system, knowledge of 
the Baud rate will be re¬ 
quired. For instance, the 
MITS serial board instruc¬ 
tions do not provide directly 
the Baud rate hookup for a 
60 wpm Baudot machine. 
After a little head scratching 
we were able to figure out the 
circuit connections. For those 
contemplating a MITS 
board, Table 1 gives the 
necessary data for strapping 
the Baud rate counters. If 
you purchase some other I/O 
board, be sure to ask the 
manufacturer for details on 
setting the Baud rate for your 
Baudot machine. By the way, 
not all Baudot machines are 
60 wpm. Some are 65 and 75 
wpm. Gear sets are available 
from surplus dealers to 
change speeds. Model 15s 
work well at 75 wpm. Model 
28s are 100 wpm standard. 


Flow Does Baudot Look in 
the Computer? 

The answer to this 
question depends upon the 
configuration of the interface 
system. Consider, for 
instance, a typical keyboard 
entry to the CPU accumu¬ 
lator. The normally closed 
keyboard contacts can 
produce a logic 0 or a logic 1 
depending on the number of 
inversions that take place in 
the I/O interface. In addition, 
the interface circuit will 
determine the location and 
order of the five level code in 
the eight bit accumulator. As 
an example, consider the 
letter T as it might finally 
appear in the accumulator: 

[T] * 020 001 017 036 

These examples assume the 
lower five bits of the accumu- 


*This bracket set will be used to 
mean the octal value of a five 


lator are used. A choice must 
be made from this group if 
standardization is to be 
achieved. After consulting a 
few sources, 020 appeared 
the best representation. The 
MITS and Processor Tech¬ 
nology boards produce this 
representation. Table 2 pre¬ 
sents the full Baudot 
character set as it would 
appear in octal notation. 

For those not familiar 
with the Model 15s, upper or 
lower case is set by FGS or 
LTR keystroke respectively. 
A mechanical flip flop holds 
the case until another FGS or 
LTR keystroke produces a 
change. It is convenient in 
some systems to use a sixth 
bit to indicate which case is 
desired or the status of the 
machine. With the sixth bit, 
software can be written to 
control the FGS/LTR func¬ 
tion. This relieves some of the 
difficulties encountered in 
keeping track of the case. An 
example will be presented 
subsequently.» 
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Code Converter 
Using PROMs 



Fig. 1, Schematic. 






S everal amateur builders 
have advised me that 
they have had difficulty in 
obtaining the National 5220 
BL/N code converter used in 
the RTTY TVT* unit. It seems 
that the supply houses do not 
want to sell them in single 
quantities, but only in three 
at a time. This makes the cost 
much too high and one is left 
with the problem of what to 
do with the extra chips. 

Since it seemed that this 


coupled to the UART 
through an optical isolator 
and inverter. The parallel out¬ 
put of the UART is con¬ 
nected to the 7430 FIG-LTR 
case detector and to the input 
of the two 8223 PROMs. The 
outputs of the PROMs are 
paralleled and connected to a 
buffer for output isolation. 
The upper and lower case 
letters feature was retained 
for use by the video readout 
circuit. The two 7430s are 


8223 and a low will appear 
on pin 15 of the FIG 8223. 
The strobe pulse on the 
output of the strobe SS will 
also be inhibited. The 
Carriage Return, Line Feed, 
and Stop keys are pro¬ 
grammed by the PROMs to 
present a blank signal to the 
TV video readout unit. The 
builder will also note that I 
have deleted the ROM input 
buffer and all pull up resis- 


provided. A diagram of the 
programmer I built along 
with a layout of th front 
panel is also provide^ The 
program for the 8223 when 
used in this code conv rsion 
unit is shown in Table 1. 

I used point to point 
wiring for the circuit board. 
The pin connections on the 
connector were the same for 
both the old and new boards 
so I could check out my 
circuits with the least amount 


was going to be a big problem 
in duplicating this circuit, I 
decided to redesign the 
circuit around a chip that is 
available in quantity and at a 
much lower cost. The 5220 
BL/N costs almost $20 each, 
whereas the 8223 PROM 


wired to recognize the FIG or 
LTR Baudot code and to 
trigger the 7400 FF causing a 
high to appear on pin 15 of 
the selected 8223. If the LTR 
key is struck, a high will 
appear on pin 15 of the LTR 


Construction 

The new code conversion 
board is the same size as the 
old one (4% by 6 inches). A 
layout of the board’s major 
components and schematic are 


of fuss. I wired up the clock 
first and checked it for 
proper operation and 
adjusted it to the proper fre¬ 
quency for 60 speed opera¬ 
tion. I then wired the input 
circuit to the UART and con- 








LETTERS PROM 



nected the bridge into the 
TTY loop circuit. A check 
was made to assure that the 
parallel Baudot output code 
was appearing properly on 
pins 8 through 12 on the 
UART. The Strobe Pulse 
Generator was wired next and 
again checked to be sure that 
the 500 microsecond pulse 
was being generated when a 
key was depressed on the 
keyboard. The FIG/LTR case 
detector was then wired and a 
circuit check was made to 
confirm that pins 6 and 8 of 
the 7400 FF changed state 
when the FIG and LTR keys 
were depressed on the key¬ 
board. Then the final wiring 
was made on the 8223s and 
the output buffers. The board 
was again plugged into the 
system and a check of all 
letters and figures was made 
to be sure that the PROMs 
were correctly coded. It all 
worked just as planned. 

The PROMs have been 
programmed so that the 
RTTY TVT screen does not 
print any Greek alphabet gar¬ 
bage when the CR, LF and 
other selected non-wanted 
characters are struck. On the 
ol d preprogrammed 5220 
BL/N you had a few Greek 
characters show up every 
time the FIG, LTR, Bell, or 
STOP characters were 
received or transmitted. When 
you do your own program¬ 
ming, you can prepare it so 
that this does not happen. 
Another blow for those who 
build their own gear. 

This new version of the 
RTTY TVT code converter 
board should enable the 
builder to fabricate his unit 
with much less fuss over 
trying to locate hard-to-get 
components and in the pro¬ 
cess reduce the cost of the 



"K20AW Synthesizer PROM- 
oted," Wm. J. Hosking W7JSW, 
73 Magazine, November/ 
December, 1975. 

"A Versatile Read Only Memory 
Programmer," Peter Helmers, 
BYTE Magazine, November, 
1975. 


table for programming the 8223 PROM in the Baudot to ASCII 
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A Nifty 

Cassette - Computer 
System 


T he most practical and 
economical way to store 
programs and large quantities 
of data for small computer 
systems is with the common 
tape cassette recorder. Cheap 
and plentiful, audio-type 
cassette equipment is capable 
of storing several times the 
amount of data that an 
equivalent volume of paper 
tape can hold, with the added 
benefits of erasability and 
easier operation. Floppy disks 
may be faster, but are beyond 
the price range of most 
hobbyists. 


While computer manufac¬ 
turers and software houses 
have long been supplying 
their programs on audio 
cassettes, there has been a 
major problem with com¬ 
patibility. Every manufac¬ 
turer has had his own pet 
system of recording, and a 
tape recorded for use with 
one brand of computer is 
utter gibberish to another 
brand of computer. For this 
reason, several manufacturers 
decided to adopt a standard 
system of tape interfacing. 

The proposed standard, as 


implemented by Pronetics 
Corp., calls for a frequency- 
shift keying standard not 
entirely dissimilar to that 
used for RTTY, but with 
several crucial differences. 
The two tones to be recorded 
are ideally to be square 
waves, with Mark (logic 1) to 
be 2400 Hz, and Space (logic 
0) to be 1200 Hz. With a 
standard tape exchange speed 
of 300 baud (bits per 
second), Mark would consist 
of eight cycles. Space of four. 
This could be divided to 600 
or 1200 baud, in which case 
one cycle would be a space 



Fig. 1. Cassette digital modulator. This circuit converts 8-bit parallel input data to a series of 
2400 and 1200 Hr tones for recording on cassette tape. 



ponds roughly to 30 
characters per second. 

Within each character, the 
first recorded tone should 
consist of a Space (start) bit, 
followed by eight data bits 
(least significant bit first, 
parity last) and two Mark 
(stop) bits. All undefined 
bits, as well as the interval 
between characters, would be 
Mark (2400 Hz). 

This system has several 
beneficial features. It is self- 
clocking. The first bit of any 
character is Space and must 
follow the Mark tone that 
ends previous characters and 
exists between characters. It 
is possible to tolerate as much 
as a 30% speed variation with 
this system, which can be an 
important factor with inex¬ 
pensive tape equipment. 


Do I Need a Good Recorder? 

Almost any cassette 
recorder can be used for data 
storage using this FSK stan¬ 
dard system. But for con¬ 
venience and accuracy, there 
are a few criteria for selection 
that differ from hi-fi quality. 





You want a clean, reliable 
machine. Dirty heads and 
mechanism can spoil data 
very easily. If you don’t have 
a cassette recorder already, a 
used model is adequate, but it 
shouldn't show signs of 
mistreatment. It should also 
have capstan drive - a few 
miniature units don't. 

A digital tape counter is 
also a great convenience. 
Without one, identifying 
programs on a tape can be 
difficult, and could lead to 
accidental erasures. These are 
found on many hi-fi type 
machines, and occasionally 
on portable units. 

An important electrical 
feature is ac bias/erase. Some 
recorders, and most of the 
under-$100 category, use dc 
for erasing and record biasing. 
This results in higher noise 
and less frequency response. 
While frequency response is 
not as critical with this 
system as with music record¬ 
ing, it still helps to have a 
good clean treble response, 
which can help preserve the 
square wave shape. Low noise 
means fewer errors, so a high 
signal-to-noise ratio aids relia¬ 
bility. 

Stereophonic capability is 
unnecessary. If you have a 
stereo recorder, be sure to 
record both tracks simultan¬ 
eously, and bulk erase the 
tape before using it. 

Your tape recorder must 
have an auxiliary or micro¬ 
phone input jack, as well as 
an earphone or line output. 
Acoustic coupling is unsatis¬ 
factory. The choice of levels 
can be performed in the com¬ 
puter interface circuitry, so 
either mike, line, or speaker 
levels can be used. 

What About Tape? 

While the choice of tape 
recorder is uncritical, the tape 
itself is the weak link in the 
chain. Do not skimp on tape. 
Use the best tape you can get 
your paws on. Since dropout 
on the tape means loss of 
data, the tape must have a 


In a meeting organized by the staff of 73 
Magazine, the microcomputer industry 
accepted this cassette system as the 
industry standard. 


high manufacturing standard. 
Some cassettes jam easily, 
and the thin tape found in 
C90 and Cl 20 cassettes is too 
thin and fragile to be reliable. 
A premium grade C60 tape is 
ideal. Perfectionists might 
want to spend the extra 
money for chromium dioxide 
tape. The extra response can’t 
hurt. 

Store the tapes in a dust- 
free location, in their own 
container. Do not smoke near 
the tapes or the recorder, and 
clean the heads frequently. 
Tape cleanliness and quality 
are far more important in 
digital applications than in 
music. 

The Recording Interface 

Digital information from 
your computer is generally 
available as 8 bits parallel 
from either an I/O port or 
data bus. The tape is recorded 
serially; the conversion is best 
accomplished with a Uni¬ 
versal Asynchronous Re¬ 
ceiver/Transmitter (UART) 
1C. 


harder to generate digitally. 
In some cases using a low pass 
filter makes the waveform 
usable; R1 and Cl perform 
this function. A smaller value 
for Cl may increase effective¬ 
ness with better recorders. 
Fig. 2 shows the effect of the 
recording process on digital 
waveforms. 

The AUX output of the 
interface is 500 mV peak-to- 
peak and is for use with high 
impedance high level inputs. 
The MIC output is 50 mV, 
suitable for most units with 
microphone inputs. 

The 4800 Hz signal must 
be capable of driving two 
TTL loads. While a crystal 
oscillator and divider chain 
work best, and a phase locked 
loop referencing the 60 Hz 
power line is also very good, 
the oscillator in Fig. 3 is 
simple and quite satisfactory 
(but requires calibration with 
a frequency counter). 

If the available digital 
information from the com¬ 
puter is already in serial form 
with the necessary start and 


two stop bits, and is properly 
timed at 300 baud, the 
UART is not necessary. How¬ 
ever, the 4800 Hz clocking 
signal should be synchronous 
with the serial data, with 16 
clock pulses per bit. If the 
serial data is not at 300 baud, 
a UART receiver must first be 
used to convert the data to 
parallel form. It then is 
clocked through the UART 
transmitter as shown. 

The OK TO LOAD line on 
the UART goes high when it 
is ready to accept a byte of 
parallel data. The data is then 
loaded into the UART trans¬ 
mitter by pulsing the LOAD 
line low for at least one usee 
or until the OK TO LOAD 
line goes low. The transmitter 
will then start transmitting 
the byte when the LOAD line 
is returned to the high state. 
When not transmitting, the 
output is high, causing the 
modulator to generate the 
2400 Hz Mark signal. 

The Playback Interface 

There are several possible 
ways to recover the FSK signal 
from the tape. An FM dis¬ 
criminator or a phase locked 
loop demodulator can be 
used, just as with an amateur 
RTTY signal. Users of pre¬ 
vious nonstandardized 
cassette interfaces can re¬ 
adjust them to decode the 
1200/2400 Hz tones, but the 
most accurate system uses 


The modulator is shown in 
Fig. 1. The serial output of 
the UART has logic 1 as a 
high level and logic 0 as a low 
level. IC2a and IC2b form a 
clock divider circuit, dividing 
the 4800 Hz clock signal by 2 
or 4, depending on the UART 
output level. The output is a 
series of square waves which 
feed the tape recorder’s 
input. 

The poor frequency 
response of some tape 
recorders, especially those 
with dc bias, causes the man¬ 
ufacturers to exaggerate the 
treble being recorded, which 
distorts the square wave. Sine 
waves record better, but are 
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Fig. 2. If a square wave signal such as waveform A is recorded 
on a low cost cassette recorder, the playback response may 
look like waveform B, which is very difficult to demodulate. If 
the square wave is filtered with a low pass filter before 
recording (waveform C), the playback response will appear like 
waveform D, a usable signal. 




Fig. 3. Circuit of 4800 Hz 
oscillator. Use this circuit if a 
more precise and stable 
source of 4800 Hz is not 
available. 


digital recovery to extract 
timing information from the 
recorded signal and uses that 
information to retime the 
recovered data. 

Fig. 4 is a complete sche¬ 
matic of the playback demod¬ 
ulator. The signal from the 
cassette player is conditioned 
by IC3, an op amp used as a 
Schmitt trigger. The output 
of a Schmitt trigger is, by 
definition, either fully high or 


low, so it regenerates pure 
square waves from the 
distorted tape input. IC4 is a 
retriggerable one shot with a 
period set to 555 micro¬ 
seconds. As long as the input 
signal is 2400 Hz, the one 
shot is retriggered before it 
times out. Flip flop IC5a 
remains high, which is inter¬ 
preted as logic 1. The 1200 
Hz signal, on the other hand, 
has a period between pulses 
of greater than 555 usee, so 
the one shot times out, re¬ 
setting IC5a. It stays at logic 
0 as long as 1200 Hz is being 
received because the one shot 
is timed out whenever the 
next triggering edge occurs. 
When the 2400 Hz signal 
returns, the one shot stays 
high, permitting IC5a to 
switch back to high state. The 
output of this flip flop is the 
serial data. 

While that simple circuit 
will work well if the tape 
speed is accurate to better 
than ±6%, such is frequently 
not the case. Since tape speed 
variations will be reflected in 
pitch variations in the re¬ 
covered tones, it is possible to 


use the 1200 and 2400 Hz 
signals from the tape to 
retime the recovered data. 
Flip flops IC6a and IC6b 
extract this timing informa¬ 
tion. When the 1200 Hz 
signal is received, IC6a is 
preset with a pulse generated 
by C8 and R15 every time 
the one shot times out. The 
effect is to cause IC6 to 
divide by two. When 2400 Hz 
is being received, the one shot 
does not time out and IC6 
divides by four. The result is 
a clock at the output of IC6b, 
at 600 Hz. 

Instead of clocking the 
data into a shift register, the 
receiver portion of UART 
IC1 is used. It has built-in 
circuitry to identify the start 
and stop of each byte auto¬ 
matically. It also has three- 
state output (logic low, logic 
high, and functionally discon¬ 
nected), which permits direct 
connection to most data 
buses and I/O ports. The 
UART needs a 16x clock, 
which is formed by phase 
locking a 4800 Hz oscillator 
to the 600 Hz output of 
IC6b. The PLL is adjusted to 


oscillate at 4800 Hz in the 
absence of any input signal. 
IC5b and IC9 divide the PLL 
output by 8 to drive one of 
the phase detector inputs, 
while the other input is 
driven by IC6b. 

The UART receiver raises 
its DATA AVAILABLE 
output to logic 1 when it 
recognizes that it has received 
a complete character. Since 
the UART outputs are three- 
state, it is necessary to drive 
the RECEIVED DATA 
ENABLE input to logic 0 to 
read the parallel output data. 
After the parallel data has 
been read it is necessary to 
pulse the RESET DATA 
AVAILABLE line to prepare 
the UART to output the next 
byte. The pulse must remain 
at logic 0 for at least one 
usee, or until the DATA 
AVAILABLE line drops to 
logic 0. 

Circuit Adjustments 

The only adjustment 
necessary for the recording 
modulator is to put the 4800 
Hz signal exactly on fre¬ 
quency. Since a Mark byte 
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Fig. 4. Cassette data recovery circuit. Refer to text for circuit operation. 





consists of eight (not seven or Most portable recorders have 
nine) cycles at 2400 Hz, this that capability. If the cassette 
is fairly critical. deck does not have a speaker 

The data recovery one amplifier, a low gain amplifier 
shot and PLL oscillator must may be necessary. If the 
be accurately adjusted for recorder uses dc bias, there 
best results. The one shot is may be too much treble, 
critical. To adjust it, set a which necessitates turning 
well calibrated audio source down the tone control, 
to 1800 Hz with 1.5 to 3.5 V To comply with the stan- 
rms output. Adjust R9 until dard for tape exchange, the 
the data output of IC5a pin 1 recorded data should be pre¬ 
just changes, measured on a ceded by at least 5 seconds of 
high impedance voltmeter. 2400 Hz tone before the data 
Adjust R9 to as close to the begins. This is accomplished 
point of change as possible, by operating the recorder in 
The PLL oscillator is the record mode for five 
adjusted by R12 with no seconds or longer before 
input to the playback input, sending data to the UART 
If no counter is available, the transmitter. With the UART 
oscillator output at IC7 pin 4 idle, the modulator generates 
should be compared to the 2400 Hz. 

4800 Hz signal used for the During playback, wait a 
UART transmitter. couple of seconds before 

allowing the computer to 
Circuit Operation accept the UART receiver 

The circuit as shown will output, to avoid reading the 
recover data most accurately garbage generated by turning 
if the earplug output signal of the recorder on and off. It is 
the tape recorder is between possible to have the computer 
4 and 10 volts peak-to-peak. control, via a relay, the 



Fig. 5. Cassette modulator/demodulator waveforms. 


remote control switch of the connect the interface hard- 
tape recorder under program ware directly to the corn- 
control. It is still necessary to puter, while some computers 
wait a few seconds before may require peripheral inter- 
accepting data, due to the face adaptors to gel the data 
lime spent starting and in and out of the computer. ■ 
stopping the tape. The 2400 

Hz leader provides that The cassette interface 
interval on the tape. described here is manufac¬ 

tured by Pronetics Corpora- 
Conclusion (ion. It is available fully 

Using this type of hard- assembled and tested on a 
ware for tape cassette modu- 4.5" x 6.5" circuit card with 
lation and demodulation standard edge connector. For 
simplifies programming for a price and other information 
cassette-oriented computer write: Pronetics Corporation, 
system. In some circum- PO Box 28582, Dallas TX 

stances it may be possible to 75228. — Ed. 
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Is Digital All That New? 


T o meditate on an experi¬ 
ment, a serious experi¬ 
menter often shelves today’s 
experiment, perhaps never to 
take it up again. The “light” 
was in the meditation and not 
in the experiment. This brings 
me to the point at hand - 
meditation as related to 
digital. 

For several years now, a 
transition from analog to 
digital has been in the pro¬ 
cess. To many people, digital 
is considered as a rather new 
development, but I ask, "Is it 
really all that new?” The 
question may suggest the 
answer that digital has been 
around for some time. 

Just for the fun of it, let 
us take a brief and somewhat 
abstract view of digital 
devices or communications 
through the age of man. 

From man’s beginning, he 
had a very good calculator at 
his fingertips as well as a 
computer with all the soft¬ 
ware that is necessary for its 
operation, although he had 
very little need for either in 
his primitive culture. It was 2 
to 3 million years before man 
saw the need to communicate 
between computers. Man has, 
over the last 20,000 years, 
developed ways to communi¬ 
cate between computers. 

If the old axiom is true 
that a picture is equal to a 
thousand words, and if we 
should equate the picture to a 


computer address and equate 
the thousand words to the 
memory of the computer, 
then the cave man had the 
basic idea in his cave drawings 
some 20,000 years ago. Pro¬ 
gramming his computer to 
accept more addresses (more 
pictures), he was able to 
develop a memory system 
called hieroglyphics, which 
used approximately 900 
pictures. Up to this time man 
had almost exclusively used 
analog, which is called the 
spoken language. Hiero¬ 
glyphic programming was too 
complex for most computers, 
so a much simpler system was 
developed using only about 
24 pictures. Hierotics, as this 
system is called, was very 
effective digital-wise, but 
lacked the ability to com¬ 
municate with analog 
systems. About 3,000 years 
ago a digital to analog and 
analog to digital system was 
developed. This system is 
often called phonic writing. 
Soon to follow was a digital 
system that was much more 
simple and was easily con¬ 
verted to analog. This system 
was made by the combining 
of the Phoenician phonic 
system and the Roman 
alphabet. Because this system 
had only 26 digits or letters 
and could be formed into 
word groups, it was adaptable 
to programming. Such pro¬ 
grams are placed into a 


machine called a printing 
press and are read out into a 
permanent storage unit 
known as a book, which is a 
type of read only memory. 
With this type of ROM, the 2 
or 3 million year old com¬ 
puter design has almost un¬ 
limited capacity to perform 
the most complex problems. 

In Aristotle's theory of the 
universe formulated some¬ 
time around 400 BC, it was 
suggested that a binary 
system was possible. Such a 
system would consist of such 
variables as hot and cold, wet 
and dry, light and dark, etc. 

Much experimenting in 
digital communications was 
taking place by the mid- 
1700s, parallel versus serial as 
each form was being 
developed. Static or friction 
electricity and its pith balls 
came first as a parallel system 
(i.e., one set of pith balls for 
each letter). Soon to follow 
was a synchronized serial 
form using only one set of 
pith balls. 

Galvan electricity and the 
use of magnetic needles went 
through the same parallel and 
serial development. However, 
a new wrinkle was added. The 
new wrinkle was code - that 
is, left or right, operated or 
non-operated. Its form was 
much like that of Morse code. 

From its inception in the 
mid-1800s, the electromag¬ 
netic (telegraph) system used 


a code in serial form. It was 
the search for the conversion 
of the electromagnetic digital 
system to analog that led to 
the development of the tele¬ 
phone - which just happens 
to be an analog device. It was 
only a few years ago that the 
conversion of digital to 
analog and analog to digital 
was electronically accom¬ 
plished. Its form is called 
pulse code modulation. 

Just as in the addressing of 
electronic computers, we 
have been simplifying the 
addressing to the 2 or 3 
million year old design. Some 
examples include changing 
"The United States of 
America" to USA, and other 
conversions resulting in terms 
such as IRS, FCC, IBEW, 
NAACP, FBI, CIA, 73 and 
others. 

What is the answer to the 
question, “Is digital all that 
new?” I would say no. I 
would go so far as to say that 
at present we are not really in 
a truly transitional period but 
rather in a sort of jockeying 
position. As we turn the 
corner, I predict that the next 
big development will be a 3D 
computer that will make the 
present computer look like a 
small contribution to the 
overall communications 
system — but I see no way 
that the old 2 or 3 million 
year old design will ever be 
replaced. ■ 





Language... a ham package from The 
Digital Group ... and a few things 
like that. Much more is available in 
printed form ... What To Do After 
You Hit Return is a book full of game 
programs and sample runs of the 
games to give you the idea. Digital 
Equipment Corporation has a book 
(which they don’t want us to sell) of 
101 games in BASIC. Much of this is 
pretty much the same as the What To 
Do book which is published by 
People's Computer Company and is 
available for S6.95 from 73... (ahem 


freight. A letter was just sent around 
to this effect by the chaps who 
developed the BASIC program for 
MITS. 

Software such as the MITS BASIC 
program is usually copyrighted, but 

that programmers will develop some 
smarts in this line ,. . perhaps taking a 
hint from map publishers. Every map 

extra Kjuiggles in the borders of a 
state or a country, or something 
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The Ins and Outs 

of TTL 

T he design of digital be able to put together a most easily overlooked input of his ICs when the supply 

circuits using TTL inte- digital circuit from TTL ICs of TTL circuits is the power voltage is between +4,75 V 

grated circuits can be much and only have to worry about supply. One look at any TTL and 5.25 V. This is not to say 
less frustrating if some simple wiring errors, logic goofs, and circuit and you quickly know they won’t work at other 
rules are followed. I am bad ICs. The information is the value of the supply voltages — only that there is 
referring to the rules that from the manufacturers’ liter- voltage is +5 V. For those no guarantee, 
dictate how and why inter- ature and my own who worry about such things, When TTL circuits switch 
connections between the experiences on the bench. the tolerance is ±5% (military they generate very high fre- 
various circuits and the out- versions are ±10%). In other quency current spikes on the 

side world are made. If you lns words, the manufacturer only power supply lines. These 

follow the rules, you should The most common and guarantees proper operation current spikes traveling 

through the high frequency 
impedances of the power 
supply lines cause voltage 
spike which can couple into 
other circuits and trip flip 
flops, clock counters, and do 
all sorts of nasty (and very 
difficult to find) things. To 
protect yourself from this 
problem these power connec¬ 
tion rules should be followed: 

1. Connect a .01 uF disc 
capacitor from the +5 con¬ 
nection to the ground con¬ 
nection of each 1C. Locate 
the capacitor as close as is 
practical and use short leads. 
A miniature disc with a 
voltage rating of 10 volts or 
more is a good choice. 

2. Use fairly heavy wire (I 
recommend #18 or larger) for 
+5 and ground lines and 



Fig. I. Illustration of rules for power supply connections. 


















Fig. 2. Standard TTL input 
circuit. 


arrange them so there are 
many connections. Try to 
simulate a ground plane and a 
+5 plane. 

3. For every 20 ICs or so 
in your circuit put in one 
electrolytic capacitor from +5 
to ground. Any value 
between approximately 4 and 
25 uF and 10 volts or more 
rating is OK. If only one is 
used, try to locate it where 
the +5 first comes onto the 
board. If more are used, 
distribute them more or less 
evenly over the board. 

4. Use a regulated supply 
for the +5 V. There are many 
circuits for making a regu¬ 
lated supply. Look at almost 
any article using ICs and pick 
one that suits your require¬ 
ments. 

Some of the above rules 
may seem obvious while 
others are not so well known, 
especially to the newcomer. 
Fig. 1 illustrates one method 
of construction employing 
point to point wiring follow¬ 
ing the above rules. 

Next on the list of TTL 
"ins” let’s investigate a 
typical input circuit as shown 
in Fig. 2. In order to guaran¬ 
tee that the transistor is 
turned on we must do two 
things. First, we must make 
the input voltage less than .8 
V, and second we must draw 
out of the emitter 1.6 mA of 
current. In order to guarantee 
that the transistor is turned 
off we must also do two 
things. First, we must make 
the input voltage greater than 
2 V, and second we may have 
to supply up to 40 uA of 
leakage current. The diode is 
not necessarily present in all 
circuits. Its purpose is to limit 



Fig. 3. Input circuit of 

2-input gate. 

negative pulses on the input 
that may occur due to trans¬ 
mission line effects on long 
interconnections. This input 
characteristic is called 1 unit 
load (UL) and a circuit such 
as Fig. 2 which contains 1 UL 
is said to have a fan-in of 1. 

If a second emitter is 
added to the circuit of Fig. 2 
we have a 2-input gate con¬ 
figuration, as shown in Fig. 3. 
Each input has its own pro¬ 
tection diode. If either input 
satisfies the “on” require¬ 
ments the transistor will be 
on. Obviously, both inputs 
must satisfy the “off’ 
requirements in order to turn 
the transistor off. By adding 
more emitters the manufac¬ 
turers make multiple input 
gates. The 7430, for instance, 
has 8 emitters. 

What about the undefined 
area of the input charac¬ 
teristic which lies between .8 
V and 2 V? It is just that, 
undefined. This is a “grey 
area” where nothing is 
guaranteed and, except for 
some special circuits (dis¬ 
cussed later), it should be 
passed through as quickly as 
possible (less than 200 ns). If 
the input passes through this 
region too slowly the output 
can actually break into 
oscillation. In fact, this is 
how a TTL oscillator gets 
started: by being biased 
deliberately into this “grey 
area” until oscillation occurs 
and then having the fre¬ 
quency of oscillation con¬ 
trolled by external com¬ 
ponents. 

Inputs from the Outside 
World 

TTL circuits connect to 



Fig. 4. Using a normal switch 
to drive TTL. 

themselves very nicely, but 
the outside world is not 
necessarily TTL compatible. 
How do you satisfy the input 
requirements outlined above? 
It is very easy to get a voltage 
less than .8 V and able to sink 
1.6 mA: Just short the input 
to ground with a switch. 
What about the other limit? 
How do we get the high 
voltage and current source? 
Fig. 4 shows one way. The 1 k 
resistor guarantees that even 
with 40 uA being drawn, the 
voltage will be above the 
required 2 V minimum. 

When the input is rela¬ 
tively slow in changing you 
can avoid the “grey area” 
problem by using TTL ICs 
which have a special 
hysteresis built into them. 
These are called Schmitt 
triggers and have different 
switching points depending 
on whether the signal is posi¬ 
tive or negative going at the 
time. The 7413, 7414, and 
74132 are examples of this 
Schmitt trigger type of 
circuit. 

When considering switches 
as the connection to the out¬ 
side world another potential 
problem arises. The contacts 
of the switch don't close 
“cleanly.” They actually hit 
and bounce apart one or 


more times before remaining 
closed. Normally this is no 
problem, but if you were 
attempting to count switch 
closures it would not be 
possible. Fig. 5 shows how to 
use an SPDT switch and two 
NAND gate elements to form 
a flip flop which debounces 
the switch. This is a very 
common form of circuit con¬ 
figuration called cross- 
coupled NAND gates. 

Often when you arc 
finished with a logic design 
you will find yourself with 
unused inputs to some 
circuits. Never, repeat, never 
leave any unused input to 
float; it will cause nothing 
but trouble. Even though an 
open input is theoretically 
the same as a high, in practice 
it is very sensitive to any kind 
of noise and can cause the 
output to change for no 
apparent reason. 

What do you do with 
unused inputs? There are 
several choices: 

1. If it will not prevent 
normal operation of the cir¬ 
cuit you can ground the 
unused input or connect it to 
a high source. 

la. The high can be 
obtained by connecting 
directly to +5 V. The 
manufacturers don’t 
recommend this since, 
if the input goes above 
+5.5 V, it is possible to 
damage the input if the 
current is not limited in 
some way. I do it all 
the time with no pro¬ 
blems (yet). I recom¬ 
mend connecting to the 
+5 V connection on the 
chip itself. 

lb. Connect the un¬ 
used input to +5 V 
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Fig. 5. Using cross-coupled NAND gates to 
debounce a switch. 
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Fig. 6. Timing diagram showing difference 
between edge-triggered and master-slave flip 
flops. 


through a Ik resistor. 
One resistor can tie as 
many as 50 inputs to 
+5 V. 

1c. Use an unused in¬ 
verting element and 
ground the input(s) to 
force the output high. 
This high output can 
then be used to pull up 
as many inputs as its 
fan-out is rated (see 
output section). 

2. Unused inputs of gates can 
be connected in parallel with 
used inputs. There is no in¬ 
crease in load for low inputs. 
The total current required for 
the two inputs in parallel is 
still 1.6 mA. Actually you 
can tie as many in parallel as 
you wish and the total low 
fan-in will not exceed 1 UL. 
The high fan-in does increase, 
however, as each emitter may 
require the 40 uA leakage 
current. As long as the high 
fan-out capability of the 
driving circuit is not exceeded 
you can parallel gate inputs. 

One more input charac¬ 
teristic of TTL circuits is 
worth mentioning. This is the 
difference between so-called 
edge-triggered and master- 
slave flip flops. The outputs 
of both circuits react accord¬ 
ing to the status of the con¬ 
trol lines at the time the 
clock pulse occurs. An edge- 
triggered flip flop output 
reacts essentially imme¬ 
diately. The small delay is 
called propagation delay. A 
master-slave flip flop is more 
subtle. On the leading edge of 
the clock pulse the master 
reacts like an edge-triggered 
flip flop. The output, how¬ 
ever, is from the slave and it 
does not react until the 
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trailing edge of the clock 
pulse. Fig. 6 shows this 
difference in graphic form. 
The main point to remember 
is that a master-slave flip flop 
requires a complete clock 
cycle, not just one edge. 

Outs 

There are three basic 
forms of output circuit used 
in TTL. The most common 
form is shown in Fig. 7. This 
is the so-called totem pole 
configuration. In the low out¬ 
put state the bottom tran¬ 
sistor is on and the top tran¬ 
sistor is off. The bottom tran¬ 
sistor sinks the current from 
the connected inputs. In the 
high state the bottom tran¬ 
sistor is off and the top 
transistor is on. The top 
transistor now supplies the 
leakage currents for the con¬ 
nected inputs. This is the 
normal version. There are 
minor variations on this 
circuit but they all operate 
the same way. 

The number of unit loads 
an output can drive is called 
its fan-out. The standard TTL 
1C has a low fan-out of 10 UL 
and a high fan-out of 20 UL. 
In other words, a standard 
TTL output can sink 16 mA 
(10 times 1.6 mA) and the 
output is guaranteed to be no 
higher than .4 V or it can 
source 800 uA (20 times 40 
uA) and the output is guaran¬ 
teed to be higher than 2.4 V. 
If you compare these output 
specs with the input specs 
you will find there is a .4 V 
safety margin. 

There are several ICs 
which are specifically de¬ 
signed to drive larger loads. 
The 7437, 7438, 7439 and 



Fig. 7. Totem pole TTL 
output circuit. 

7440 will all sink 30 UL.The 
7437 and 7440 will also 
source 30 UL. 

The 7438 and 7439 belong 
to another class of output 
circuit called “open collec¬ 
tor.” In this configuration the 
top transistor is missing and 
the bare collector of the 
bottom transistor is brought 
out. With this circuit you 
need an external load resistor 
of some sort to provide the 
pull-up to +5 V. If the voltage 
rating of the 1C output is high 
enough (the 7407 is rated for 
30 V, for example), you can 
switch much higher voltages, 
and even drive relays and 
lamps if the current rating is 
not exceeded. 

The open collector circuit 
is also used in a logic con¬ 
figuration known as both 
"wired-and” and "wired-or.” 
Fig. 8 shows how this works. 
All the open collector 
outputs are tied to a common 


pull-up resistor. If any output 
goes low they all go low 
(wired-or), and the output 
will only be high when all the 
output transistors are off 
(wired-and, hence both 
terms). There is a practical 
limit to how many outputs 
you can connect together. 
The pull-up resistor must 
supply the leakage current for 
all inputs and all outputs 
when they are all off and still 
maintain the voltage above 
2.4 V. However, it must still 
be large enough to limit the 
total current of resistor plus 
inputs to 16 mA (10 UL) 
when any output is on. 

Contrary to what you may 
have read previously, it is OK 
to connect TTL outputs in 
parallel, provided you also 
connect the inputs in parallel 
so the outputs are doing the 
same thing at the same time. 
In fact, the manufacturers 
recommend this technique as 
one way to increase fan-out 
when the load is too much 
for one output. However, you 
should restrict this paralleling 
to elements in the same 
package because large tran¬ 
sient currents are generated 
and can cause problems if 
they are not closely confined. 

The third and newest type 
of output configuration is the 
so-called tri-state or 3-state 
output. This is a normal TTL 
totem pole output where 
both transistors can be turned 
off. An extra “enable" input 



Fig. 8. Using open collector outputs for 
wired-or configuration. 








Fig. 9. 7TL driving transistors. 

is added to the circuit and 
when enabled the output 
functions as a normal TTL 
output. When disabled the 
output is essentially discon¬ 
nected. This allows one com¬ 
mon wire with many tri-state 
outputs connected to it to 
carry all sorts of different 
information (even in different 
directions) on a time division 
multiplex basis. All you have 
to do is enable the appro¬ 
priate outputs and inputs at 
the proper time. This “bus 
structure” is very common in 
the world of computers and 
microprocessors. I have used 
tri-state circuits to latch 336 
bits of data at one time and 
then output them 8 bits at a 
time. That is 42 different 
outputs on each data line. 

Someplace in your design 
you have to connect outputs 
to the outside world. There 
are special ICs for driving 
displays of different kinds as 
this is one of the most com¬ 
mon outputs encountered. I 
have also mentioned using 
high voltage open collector 
outputs. If you need more 
current or voltage, you can 
use a circuit such as shown in 
Fig. 9. In both versions the 
resistors limit the base 
current to a safe value. When 
driving an external circuit of 
any kind it is best to use an 


output dedicated to only that 
load. That way, if any stray 
signals are picked up and fed 
back on this line to the out¬ 
side world they won't be able 
to couple into another input 
and disrupt operation. Also 
you should never use the 
output of a flip flop (this 
includes counters, shift 
registers, etc.) to connect to 
the outside world. It is too 
easy for a stray signal to 
sneak back, get inside the flip 
flop, and do weird things. 

When it becomes necessary 
to switch large output loads, 
often there are transients gen¬ 
erated that ride back in on 
the ground and cause stray 
triggers of flip flops and other 
nasty things. A relatively new 
circuit element called an 
opto-isolator eliminates this 
problem completely. Even 
when driving all 8 channels 
plus sprocket advance of a 
high speed paper tape punch 
there is no problem - and 
that represents 9 A at 24 V 
every 9 ms. The opto-isolator 
(see Fig. 10) consists of an 
infrared LED and photo tran¬ 
sistor. The LED is driven 
from an open collector 
output and its energy is 
coupled optically (no 
physical connection) to the 
phototransistor, which is then 
used as a low level switching 
stage in a totally electrically 
isolated circuit. 

The preceding rules and 
suggestions will not eliminate 
all your digital logic problems 
but they will greatly reduce 
them, especially those 
frustrating random ones. 
Remember the manufacturers 
only guarantee proper opera¬ 
tion if you stay within the 
specs. Exceed the specs and 
all bets are off. ■ 
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Fig. 10. Using an opto-isolator. 
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Build a CW Memory 


W hile building a random access and that my memory requirements could be modes arc similar For RAMs and PROMs, 

memory (RAM) for my keyer, it satisfied with one or more programmable PROMs offer a non-destructible memory 

occurred to me that my CW operating habits read only memories (PROMs). (within their recommended operating para- 

did not require the versatility of the RAM Although the control logic for the read meters) after their initial programming, 
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Fig. 1. Block diagram of the PROM CW generator. 


without the need to frequently refresh the 
memory as is necessary with RAMs. 

The memory described is self-contained 
and need not be used with a keyer. The 
output circuitry is designed to drive grid- 
block keyed transmitters with key-up 
voltages not exceeding -100 volts. TTL 
inputs are available for keying the trans¬ 
mitter from an external source (i.e., the 
digital output from additional memories, a 
keyer, or CW identifier). 

Circuit Description 

Fig. 1 shows a simplified block diagram 
of the PROM memory. The memory uses 
four Intersil IM5600C PROMs. These 
PROMs are fully decoded TTL Bipolar 
256-bit custom programmed read only 
memories organized as 32 words by 8 bits 
(U7-U10). Open collector outputs and chip 
enables insure simple memory expansion. An 
effective memory capacity of 1024 bits is 
obtained by ORing the four 256-bit chips 
together. I chose a 256-bit PROM because it 
offers a convenient memory length of 
approximately 22 characters. Memory 
retrieval is initiated with the appropriate 
program select push-button switch (S2-S5). 
The program can be stopped at any point 
with the stop push-button switch (SI). 

U3 and U4 are 7476 Dual ]-K flip flops 
with preset and clear, used as start/stop flip 
flops. The stop push-button switch, SI, is 
connected to the preset inputs (pins 2 and 7) 
of U3 and U4. Grounding this bus forces the 
Q outputs to logic 1, disabling the clock and 
U6, stopping the program (a logic 1 on pin 7 
of U6 forces pin 5 low). The clock inputs 
(pins 1 and 6) are connected together. A 
negative edge at the dock inputs, corres¬ 
ponding to the end of the 256th bit, will 
clock Q to logic 1, disabling the clock and 
U6, ending the program. Individual program 
select switches are connected to the clear 
inputs (pins 3 and 8) of U3 and U4. 
Grounding one of these pins will start the 
program corresponding to the PROM 
selected. The Q outputs of U3 and U4 (pins 
11 and 15) are connected to the chip enable 
inputs (pin 15) of the four PROMs. The 
appropriate PROM is enabled by forcing one 
of the outputs of U3 or U4 to logic 0, 
enabling the clock and U6, starting the 
program. Starting the program resets the 
eight bit binary address counter Ul and U2. 

Ul and U2 are 7493 TTL MSI 4-bit 
binary counters used to address PROMs 
U7-U10 and U6, a 74151 TTL MSI 8-line- 
to-l-line data selector. The first three bits 
from the counter address U6, while the 
remaining bits address PROMs U7-U10. In 
this fashion U6 multiplexes the PROM 
outputs of eight lines to one line before the 
address counter selects the next word. 

U5 is a 7420 TTL Dual 4-input positive 
NAND gate. It is the enable/disable gate for 
the clock and U6 and the reset gate for the 
eight-bit binary address counter. U'l 1 is a 
7403 TTL Quadruple 2-input positive 


NAND gate with open collector outputs 
used as the input for the transmitter keying 
circuitry. 

Clock pulses for the memory are 
generated by a relaxation oscillator con¬ 
sisting of Q1 and Q2 and associated parts. 1 
The oscillator is the same one used in my 
keyer and was selected so that the speed 
controls could be ganged and would track in 
the event that the keyer would be packaged 
with the memory (it wasn’t). 

Programming 

PROMs are fabricated with all logic levels 
at zero. The programming procedure open- 
circuits metal links which results in a logic 1 
at selected locations in the memory. Intersil, 
instead of using a metal link, forces a 
resistive shaft through the junction of one 
diode in the memory all resulting in a logic 
1 at selected locations in the memory. Once 
the memory cell has been programmed to a 
logic 1, that bit cannot be altered (repro¬ 
grammed). 

Distributors of PROMs offer custom pro¬ 
gramming services or the reader may 
program his own. Design data sheets and 
application notes describe the programming 
procedures in detail. 2 Read these instruc¬ 
tions carefully and fully understand the 
address methods as programming errors can 
be costly. 


Fig. 2 illustrates a typical programming 
card for the following program: DE 
WA6VVL WA6VVL WA6VVL K. Standard 
spacing should be used in writing the pro¬ 
gram. For example, use 7 bits for a word 
space, 3 bits for a letter space, 3 bits for a 
dash and 1 bit for a dot. 

The quoted price from R.V. Weatherford 
included programming costs. One advantage 
of a distributor programming your PROM is 
that they verify its program before they send 

Power Supply 

The 5 volt supply illustrated in Fig. 3 can 
be built to satisfy the requirements of the 
memory circuitry. U12 should be mounted 
on a heat sink similar to the Wakefield 
680-.75A or 621-A. 

UI2 dissipates only 116 Watts at nominal 
line using a 6.3 V transformer. However, at 
low line, ripple feeds through the regulator. 
No problems with the memory have been 
experienced under low line conditions to 
date. A slight improvement in low line 
operation can be gained by using a 12.6 VCT 
transformer and a full wave center-tap 

If you anticipate using your keyer with 
this memory, do not attempt to power the 
memory circuitry from your keyer power 
supply unless it is capable of supplying an 
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The program is selected with the appropriate program select push-button switch A, B, C or 
D. The program can be stopped at any point with the stop push-button switch. A single 20k 
speed control can be used and the HI/LO switch deleted. 



U12 is shown mounted on its heat sink. The two open-circuit phone jacks are connected in 
parallel, providing an input for the author’s keyer and an output for the transmitter. A line 
cord and grommet may be substituted for the 115 Vac connector. 


additional 450-650 mA. majority of the memory components are 

mounted on a single-sided 8” x 5” glass- 
Construction epoxy circuit board. The board is fabricated 

The memory is housed in a Cal Chassis 7" to fit a standard 22-pin card edge connector, 
x 11" x 2" aluminum chassis base. The Since the memory utilizes four PROMs in 



adequate with a Hewlett-Packard 5 082-4440 LED. 


weaTHeRFORo 



Fig. 2. Programming card (65%). The above 
program, DE WA6VVL WA6VVL WA6VVL 
K, is read from right to left, top to bottom. 
The program is written in the same fashion. 


m-ai -1-1 

ncomcnora 

whom 


Programing Card 
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parallel on a single-sided board, there arc a 
number of jumpers (92) and holes (434) on 
the circuit board. The jumpers are installed 
first with the rest of the components follow¬ 
ing. Sockets are advisable duo to the cost of 
the integrated circuits and PROMs. They not 
only speed troubleshooting when the need 
arises, but also prevent overheating during 
the soldering operation. The power trans¬ 
former, filter capacitors, regulator, panel 
switches and controls are mounted on the 
aluminum chassis. 

Total assembly time for the board, 
including drilling the holes, was under 4 
hours. Mechanical and chassis wiring con¬ 
sumed another 10 hours. 

After assembly, connect pins 1 and 20 



together on the connector. This connects the 
digital output of the memory to the first 
input of the transmitting keying circuitry. If 
there are no additional inputs, ground pins 
2, 3 and 4. 

After checking the power supply voltage, 
connect the power supply, start/stop push¬ 
buttons and speed control, and the memory 
is ready for use. 

Two open-circuit phone jacks have been 
provided on the rear apron of the chassis. 
They are connected in parallel providing an 
input for my keyer and ah output for the 
transmitter. 

Turn the PROM memory on “Off the air” 
as it will take a few seconds for the memory 
to dear itself, the actual lime dependent 
upon the setting of the speed control. 

Alternatives 

If the reader was not satisfied with using 


the PROMs selected in this article, there are 
a number of PROMs available from which 
the reader could choose. Texas Instruments, 
for example, offers the 74186 (512-bit, 64 
words by 8 bits), 74187 (1024-bit, 256 
words by 4 bits) and the 74188A (256-bit, 
32 words by 8 bits). There are pin- 
compatible equivalents available from other 
manufacturers. The Intersil IM5600C is pin- 
compatible with other 256-bit PROMs 
including the Texas Instruments 74188A 
and Signetics 8223. 

If the reader was reasonably sure that his 
program would not change, the 1024-bit 
PROM might be a better choice with simpler 
supporting logic. Additional benefits include 
less than 2^/bit (compared to about 21^/bit 
for 256-bit PROMs) and one third the board 
area. One possible disadvantage is the eight 
programming cards which need to be filled 



This PC board is the prototype version. The revised board has two additional jumpers. The 
filter capacitors are mounted under the circuit board. C3 is partially visible. CS and C6 are 
connected directly to U12 and are not visible. 
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AM is not Dead-- 
It Never Existed at All 


O ver the years, amateurs have used 
various modes of transmission. In the 
past, the rules and regulations specifically 
permitted types of modulation on certain 
frequencies. Unfortunately, these rules made 
unclear the actual facts relating to modula¬ 
tion. Best use of the spectrum requires that 
we select our modes of transmission care¬ 
fully, and to do this we must understand 
their characteristics. 

The simplest is AM. When radiotelephony 
was invented, it utilized amplitude modula¬ 
tion. This mode was erroneously believed to 
consist of the varying of transmitted carrier 
power in step with the audio. Some persons 
still believe that this is true. 

To understand AM, one must simply 
understand mixers. When two signals are 
added together in a mixer, the two original 
signals appear in the output, as well as the 
sum and difference of the inputs. Thus, if a 
1 MHz signal is mixed with a I kHz signal, 
the output consists of four frequencies: 1 
MHz, 1 kHz, .999 MHz, and 1.001 MHz. 

That is what happens in an AM trans¬ 
mitter. The carrier signal passes through the 
mixer, as well as the audio signal. The audio 
is not passed to the antenna, being far too 
low in frequency. But the sum and 
difference products do pass, and they are the 
sidebands that are transmitted. All intelli¬ 
gence is transmitted on the sidebands, and 
the carrier never varies. 

In the receiver, the same process is 
applied to the composite signal. The side¬ 
bands mix with the carrier, producing 
audible difference frequencies. It is obvious 
that the carrier serves no necessary function, 
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so it can be eliminated in transmission. The 
two sidebands are also identical, so one of 
them can be eliminated, resulting in great 
bandwidth reduction. The bandwidth of AM 
is equal to twice the highest modulating 
frequency. For voice, we assume 6 kHz; the 
bandwidth of single sideband without carrier 
is equal to the highest modulating frequency 
minus the lowest modulating frequency, in 
this case 2.7 kHz. This permits more stations 
to occupy the same band. 

The carrier signal is regenerated in the 
receiver when suppressed carrier is used. If 
one transmits carrier, it will show up as an 
audible note on any AM signal it is near. 
This heterodyning caused tremendous inter¬ 
ference when AM was the dominant mode of 
transmission, and plagues today’s CBers. It is 
especially disturbing when one realizes that a 
majority of the transmitter’s output power is 
being wasted on carrier. The carrier, in AM, 
must be greater in amplitude than the sum 
of the sidebands when 100% modulation is 
used. Besides causing QRM, the carrier serves 
to help the transmitter heat the shack and 
generate business for replacement tubes and 
power supplies. A “200 Watt” SSB trans¬ 
mitter is far lighter than a “200 Watt” AM 
transmitter, because of the easier duty cycle. 


Frequency Modulation? 

More recently, hams have taken to a 
mode called “frequency modulation.” While 
AM does not actually consist of a varying 
carrier amplitude, FM is frequently believed 
to consist of a varying carrier frequency. 
Once again, many hams have made the same 


mistake. Modulation consists of the genera¬ 
tion of sidebands, not the manipulation of a 
carrier wave. 

How wide is FM? The bandwidth of 
double-sideband AM is equal to twice the 
maximum modulating frequency. But the 
bandwidth of FM — all useful FM — is 
greater than the bandwidth of the equivalent 
AM signal. This is because FM transmission 
consists of a carrier, whose amplitude varies, 
and multiple sidebands; The higher audio 
quality of FM, and the superior noise 
limiting, are due to the redundancy inherent 
inFM. 

Let’s examine an FM signal and see what 
makes it tick. First a couple of terms: 
Modulation index is the deviation of the 
carrier divided by the audio frequency 
causing this deviation. Deviation ratio is the 
highest deviation divided by the highest 
modulating frequency. The deviation ratio 
indicates the maximum deviation actually 

Deviation? That’s a bit tougher to 
explain. Deviation is the apparent variation 
in carrier frequency, extrapolated from the 
effect of lowering the modulating frequency 
towards zero. By itself, it’s a far less useful 
term than we like to think. The carrier 
frequency of an FM signal does not vary! 
The average frequency is varied by 
modulation, just as the average amplitude of 
an AM signal is varied by modulation, by 
adding sidebands. 

In AM, the two sidebands are in phase. 
Since they rise and fall together, the 
apparent frequency of the envelope does not 





vary. In FM, the sidebands are out of phase. 
Either the upper or lower sidebands are 
more powerful at any given portion of the 
modulating waveform. Therefore, the 
average power in the signal varies in fre¬ 
quency. 

This phase relationship has’ some 
interesting effects. Since the overall ampli¬ 
tude does not change, it is possible to 
generate as many sidebands as one might 
want. That means greater redundancy, and 
redundancy in any system makes for greater 
fidelity and accuracy. The carrier power is 
distributed among the various sidebands, and 
reaches zero at several values of modulation 
index. One can measure the deviation of a 
wideband signal by determining how many 
times the carrier dips to zero as the modula¬ 
tion is increased. 

To determine the relative phase and 
strength of each sideband, one looks at a 
mathematical concept called a Bessel 
Function. Looking at the Bessel chart, one 
can tell which sideband is doing what, when. 
Each significant sideband begins to come up 
rapidly at a given index. One could use the 
chart to determine the bandwidth of an FM 
signal, if the modulation index and fre¬ 
quencies are known. An easier way is to 
approximate: Bandwidth equals twice the 
deviation plus twice the maximum modu¬ 
lating frequency. Don’t forget that last half 
like the FCC did! 

The phase relationship between sidebands 
is complex, but one feature is fairly easy to 
understand. The phase of the odd-numbered 
sidebands is different between the upper and 
lower sides of the carrier, while even- 
numbered sidebands are in phase with each 
other. AM signals have only one set of 
sidebands, the first (odd-numbered), and 
they are in phase. That is a crucial 
difference, which becomes important in 
phase modulation. 

Phase modulation is similar to frequency 
modulation, but there is one major func¬ 
tional difference. The frequency response of 
FM is linear, with equal amplitude tones 
producing equal deviation. PM has a rising 
audio response, with higher frequencies 
generating more deviation, at a rate of 6 
dB/octave. PM deviation is directly propor¬ 
tional to modulating frequency. 

Phase modulation can be used as FM if 
the audio response is corrected. Communica¬ 
tions FM, such as hams use, is actually PM in 
most cases, with an audio response that rises 
within the speech range. This is called 
pre-emphasis. Most FM systems use some 
pre-emphasis. With broadcasting, it is set to 
begin at about 400 Hz, and rises to about 17 
dB at 15000 Hz, the high end. Even tape 
recorders and phonograph disks use pre¬ 
emphasis, because noise is linear with regards 
to frequency, and thus most of it is in the 
treble range. Receivers incorporate de¬ 
emphasis which restores the tonal balance 
while reducing the noise. 

Pre-emphasis is needed with FM for 
another reason. Since the quality of recep- 
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Fig. 1. AM sidebands vs. effective envelope. Direction of sideband indicates phase. 


tion is dependent upon the modulation 
index, and the modulation index falls as the 
modulating frequency rises, pre-emphasis 
helps keep the treble range index high 
enough to overcome noise and interference. 

One great benefit of FM’s redundancy is 
the capture effect. A signal will completely 
cover a weaker one on the same frequency 
once the capture ratio is attained. This 
works with noise too; a "full quieting” FM 
signal can be just 3 dB stronger than a 
totally unreadable one with a good detector 
and a deviation ratio of about 5, which is the 
broadcast standard. But if the deviation is 
reduced, the capture effect lessens. Narrow- 
band FM such as is used on 2 meter 
repeaters has very little capture effect, with 
its deviation ratio of 1.6 or less (5 kHz 
deviation and 3 kHz modulation). 

But phase modulation reveals how similar 
narrowband FM and AM really are. One can 
generate PM by actually shifting the phase of 
a carrier. One radian of shift equals a 
modulation index of 1, but in practice only 
about half that can be achieved with a phase 
modulator, and undistorted broadcast 
quality must have less shift. If we accept 
that a phase modulator only produces 
enough shift for one set of significant 
sidebands, we can use the Armstrong 
method of modulation, developed by the 
inventor of FM, Major Edwin Armstrong. 

Armstrong knew that PM and AM 
differed mainly in phase relationship, so he 
generated a double sideband signal in a 
balanced modulator, shifted it ninety 


(A)NARROWBAND 

Fig. 2. Narrowband 


degrees, and reinstated the carrier. The 
result, provided the carrier was strong 
enough, was PM. This system has been used 
in broadcast transmitters, but the amount of 
frequency (and hence, deviation) multiplica¬ 
tion needed is very great. For wideband use, 
direct FM is easier. Note that there is no 
pretense of shifting the carrier frequency 
with the Armstrong method. What slight 
amplitude modulation results is quickly lost 
in the Class C multipliers needed. Try 
feeding AM into Class C multipliers, but not 
with an antenna! 

FM Reception 

The simplest way to receive AM is with a 
diode demodulator. The best way is with a 
synchronous detector, which takes advan¬ 
tage of the redundancy of the two side¬ 
bands, but that practice is not yet common. 
Diode detectors don’t work with FM, since 
the sidebands all cancel each other’s 
amplitude variations and beat frequencies. 
Thus, to detect FM, a different system was 
invented. The most common is the discrim- 

The discriminator compares the amount 
of signal above the center frequency with 
the amount below the center frequency. The 
resultant voltage reflects the modulation. 
Whether there are sidebands or a swinging 
carrier does not matter here. The ratio 
detector is a variant of the discriminator that 
automatically cancels amplitude variations, 
such as AM and noise. Both forms are 
common. 


(B)WIDER BANDWIDTH 

vs. wideband FM. 



Fig. 3. Modulation frequency vs. deviation. 

(a) Phase modulation, (b) Direct FM. (c) Fig. 4. Bessel function showing amplitude 
Compromise pre-emphasis. and phase of various sidebands. 



One newer way is to use a phase locked 
loop. The PLL is a necessary part of an AM 
synchronous detector, where its advantages 
are drastic over the older diode system. With 
FM, the PLL detector attempts to lock an 
oscillator onto the frequency of the input, 
which appears to vary as the average of the 
sidebands swings back and forth (it acts 
almost as if there really were a swinging 
carrier). The important advantage is that a 
PLL need not receive the entire FM signal, 
but only the first two sidebands on each 
side. It will then have enough to lock onto. 
By receiving a wideband signal as if it were 
narrowband, the receiver can slice out noise 
and interference among the outer sidebands, 
at the expense of wideband’s quieting. A 
PLL detector also inherently tracks drift 
with less distortion than a discriminator, 
without an automatic frequency control 


So What's CW? 

We have already seen that the carrier does 
not vary in amplitude when we transmit AM, 
and that the carrier docs not vary in fre¬ 
quency when we use FM. Let's apply our 
understanding of AM type A3 telephony to 
type A1 telegraphy - good old CW. 

CW is a form of AM, and thus has a 
bandwidth and sidebands. The sidebands are 
generated by the keying, since a change in 
effective amplitude necessarily causes side¬ 


bands. The bandwidth of a CW transmitter is 
determined by the key click filter. If the 
transmitter's rise time is short (sharp 
keying), there may be clicks, which are 
wider sidebands than necessary. If the rise 
time is made very long, the dits will get 
mushed with fast code. Contrary to common 
belief, keying speed does not affect band¬ 
width. Potential keying speed does, and a 
Novice probably shouldn’t use as little 
keying filtration as a fast brass-pounder. 

Now for the clincher: Since CW is a form 
of AM (modulated by squared waves, so to 
speak), it follows that keying (modulation) 
should not affect the carrier. Here's a logical 
sequence, all of which is true in its own way: 

1. In conventional full-carrier AM, the 
amplitude of the carrier is not affected by 
modulation. Sidebands are generated which 
carry the information; the composite 
amplitude of the carrier plus sidebands varies 
by the addition and subtraction of carrier 
and sidebands. 

2. Assume series-gate AM transmission 
(grid modulation). When the modulating 
waveform is at its most negative, the 
modulated grid reaches the point of zero 
tube output. At its most positive, the tube 
reaches maximum output. This system 
produces a carrier and sidebands as per 

3. Assume a square wave is fed into the 
modulated stage. During one half the cycle, 
the tube is entirely cut off; during the other 


half, the tube conducts completely. The 
ironclad rule of AM - carrier unmodulated 
by sidebands - still stands; the high 
harmonic content of the square wave 
produces broad sidebands. Softening the 
waveform by the addition of a low-pass filler 
to the modulation reduces the width of the 
sidebands. 

4. Replace this square wave with a tele¬ 
graph signal. There are still sidebands and an 
unaffected carrier, even though the tube is 
cut off during part of the waveform. This is 
common grid-block keying CW. Even with 
the key up, the carrier is stiii there! 

Now you know as well as I do that when 
a key is lifted, the carrier goes away, right? 
But put in a narrow CW filter, say 40 
and key rapidly. It will be noticed that the 
keying is softened if not obliterated by the 
"ring” in the filter. This ring can be reduced 
by proper filter design, but a certain amount 
is inherent in any given bandwidth, because 
the higher order sidebands are being cut off 
by the filters! If one were, theoretically, to 
narrow the bandwidth to a fraction of a Hz, 
the signal would ring for several seconds. 
Narrow the filler infinitely, and the carrier 
remains infinitely present. The sidebands are 
close to, and out of phase with, the carrier. 

In case you’re thoroughly confused, just 
remember that a carrier wave is really only a 
mathematical concept, and like most mathe¬ 
matical concepts, carries very little 
intelligence to most of us! ■ 
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Is Extraterrestrial 
Communication Possible? 


T hroughout human his¬ 
tory the art of long¬ 
distance communication by 
audible, visual, or electromag¬ 
netic methods has played an 
important role in advancing 
the culture of the human 
race. When Homo erectus 
emerged from the mists of 
antiquity a couple of million 
years ago, his upright position 
freed his hands for the deli¬ 
cate manipulation of tools 
and led to the development 
of a larynx and speech box 
that set him apart from all 
other animals. One can 
imagine early man communi¬ 


cating over distances with his 
brethren by means of strident 
calls, and his successor, Homo 
sapiens, by means of fire or 
smoke signals, drum beatings, 
sunlight flashes from shiny 
objects, and other primitive 
methods. 

Il was not until a century 
ago that man's effort to over¬ 
come great distances by rapid 


communication succeeded 
with the advent of tele¬ 
graphy. In that same century 
a few adventuresome 
dreamers had already set their 
sights much farther out. 
Among the elaborate schemes 
that had been concocted to 
signal our presence to other 
worlds in the solar system 
were the following: the plant¬ 
ing of a ten-mile-wide strip of 
pine trees in Siberia in the 
form of a right triangle; a 
twenty-mile circular ditch 
filled with water over which 
kerosene would be poured 
and set afire; a powerful con¬ 


cave mirror that would focus 
sunlight on Mars and burn 
simple numbers in the desert 
sands of that planet; a net¬ 
work of large sunlight-reflect¬ 
ing mirrors stategically posi¬ 
tioned in several European 
cities to conform to the con¬ 
figuration of the Big Dipper 
in the constellation Ursa 
Major as a sign of intelligence 
on earth. 


In 1899 the eccentric elec¬ 
trical pioneer, Nikola Tesla, 
undertook to transmit a 
powerful electrical signal into 
space from his Colorado 
laboratory and to detect any 
possible replies. He employed 
a large primary coil 75 feet in 
diameter and a 3 foot copper 
ball mounted on top of a 200 
foot tower. He figured that 
powerful alternating surges of 
electricity introduced into 
the copper ball and into the 
ground would interact with 
the earth’s magnetic field to 
increase the power of the 
radiated signal. Although 
there were no extraterrestrial 
responses to his efforts at the 
time, it was reported that 
incandescent lights were set 
glowing 26 miles away. A 
year later he claimed to have 
picked up interplanetary sig¬ 
nals. 

In 1921 Guglielmo 
Marconi believed he had 
detected regular pulsed 
signals from outer space in 
the high meter band while 
conducting atmospheric tests 
aboard his experimental 
yacht, the Elettra. In 1924, 
when Mars was closest to the 
earth (35 million miles), the 
astronomer David Todd 
arranged to have the U.S. 


government’s high-powered 
transmitters turned off every 
five minutes before the hour 
between August 21 and 
August 23. During these five 
minute silent intervals he 
used a special receiver tuned 
between 50 and 60 kHz to 
record on tape any signals 
coming through. Out of a 
hodgepodge of dots> dashes 
and jumbled code groups, 
which he and listeners 
throughout the country 
heard, nothing definite could 
be ascribed to an outside 
source. Today we know that 
such very low outer-space 
frequencies are reflected back 
into space by the ionosphere. 

Throughout the following 
quarter century interest in 
extraterrestrial communica¬ 
tion more or less lapsed until 
the growth of radio astronomy 
after World War II. As radio 
telescopes grew in size and 
observing techniques 
improved, the time seemed 
opportune to speculate once 
more on the feasibility of 
detecting extrasolar signals 
from intelligent sources in 
space. In a September 19, 
1959 issue of the prestigious 
British scientific journal 
Nature, physicists Giuseppe 
Cocconi and Philip Morrison 


For all we know, CQs may be coming our way, unbeknown 
to us, by sophisticated communication techniques beyond 
our comprehension, just as the New Guinea natives who 
communicate with drums are unaware of the international 
radio traffic passing over their heads .. . 


114 



presented logical reasons for 
instituting a search to detect 
artificial signals in outer space 
with large radio telescopes. 
They concluded that the 
probability of finding any 
was difficult to estimate, but 
if we never search, the chance 
of success is zero. 

In 1960 the first modern 
attempt to look for artificial 
signals in space was con¬ 
ducted by Frank Drake at the 
National Radio Astronomy 
Observatory in Green Bank, 
West Virginia. This was the 
famous Project Ozma named 
after the legendary princess in 
the imaginary land of Oz. The 
85 foot radio dish was 
pointed, when time per¬ 
mitted, in the direction of 
two relatively close solar-type 
stars, Tau Ceti and Epsilon 
Eridani, about eleven light- 
years distant. After 150 hours 
of unrewarded observing 
from May through July, the 
search was abandoned. 

In 1967 there was a brief 
flurry of excitement when 
the first pulsar was dis¬ 
covered. Perhaps "little green 
men” were trying to contact 
us with their very precisely- 
timed pulsed radio signals. We 
have since found over one 
hundred pulsars in different 
parts of the sky flashing radio 
pulses up to thirty times per 
second. They are the natural 
consequence of certain stars 
that have gravitationally 
collapsed after exhaustion of 
their available nuclear fuels 
into small, rapidly-spinning, 
highly-condensed objects 
emitting beamed radio pulses 
which the earth intercepts. 

In the ensuing years there 
have been a few sporadic 
attempts undertaken to 
detect artificial signals in 
outer space, particularly since 
1972. So far several American 
and Canadian radio astrono¬ 
mers have been unable to 
locate anything resembling 
intelligent coded signals from 
a number of nearby sunlike 
stars. Neither have attempts 
by two groups of Soviet 
astronomers, seeking pulsed 


intelligent signals over the 
entire sky from any source, 
been successful to date. The 
most unusual search in 
progress is that conducted 
with the Arecibo 1000 foot 
radio telescope in Puerto 
Rico. Here several nearby 
galaxies with their billions of 
stars are being monitored 
intermittently on several 
microwave channels. There 
are presently too many other 
immediate and rewarding uses 
of radio telescopes than to 
spend time looking for coded 
extrasolar signals with little 
hope for success. 

It would seem that 1420 
MHz is a logical search fre¬ 
quency of universal signifi¬ 
cance. It is the emission fre¬ 
quency of the dark, neutral 
hydrogen clouds that outline 
the spiral arms of our galaxy. 
This frequency happens to lie 
in the quietest terrestrial por¬ 
tion of the microwave spec¬ 
trum between 3 and 30 centi¬ 
meters where the effects of 
atmospheric absorption and 
cosmic background noise are 
at a minimum. If other 
galactic inhabitants are also 
surveying the hydrogen distri¬ 
bution in the galaxy, their 
receivers and ours, tuned to 
the same spectral region, 
might offer the best chance 
of the successful receipt of 
coded transmissions around 
the hydrogen-emitting fre¬ 
quency. However, it is con¬ 
ceivable that an advanced 
galactic society, desiring to 
leave this channel open for 
exploration of the galactic 
structure just as we do, will 
not beam CQs on or near this 
frequency. A more suitable 
communication frequency 
might be the microwave 
region between the emission 
lines of hydrogen (H) at 1420 
MHz and hydroxyl (OH) at 
1668 MHz observed in the 
interstellar clouds of our 
galaxy. This microwave 
section has been called the 
water hole because H and OH 
are the dissociation products 
of water (H2O). If water- 
based life is prevalent else¬ 


where, it might be natural for 
advanced societies to employ 
a precise frequency related to 
the center of mass of the 
water molecule. This com¬ 
munication frequency lies at 
1652.42 MHz. 

We must remind ourselves 
that we are tyros in the com¬ 
munication enterprise. For 
us, passive listening is 
presently far more advan¬ 


tageous than active beaming 
which requires enormous 
expenditures of energy. 
Obviously, if there are no 
civilizations with the will to 
transmit as well as to receive 
out of the hundreds of thou¬ 
sands that presumably exist 
in our galaxy of several 
hundred billion stars, inter¬ 
stellar communication will 
never materialize. For all we 
know, CQs may be coming 
our way unbeknown to us by 
sophisticated communication 
techniques beyond our com¬ 
prehension, just as the New 
Guinea natives who commun¬ 
icate with drums are unaware 
of the international radio 
traffic passing over their 
heads. The acquisition of a 
message obviously is the most 
difficult part in establishing 
an interstellar dialogue. Once 
acknowledged and replied to, 
assuming we can decipher it, 
arrangements can be made 
with respect to channels of 
operation, power require¬ 
ments, and communication 
modes for the proper 
exchange of knowledge 
between two galactic cultures, 
even if this takes centuries. 

Our first active attempt to 
beam a message to a distant 
stellar outpost was made in 
November, 1974. The newly¬ 
resurfaced 1000 foot radio 
dish at Arecibo, Puerto Rico 
focused a 450 kilowatt, 


binary-coded, beamed signal 
in the direction of the great 
globular star cluster in 
Hercules. Even though its dis¬ 
tance is 24,000 light-years, 
this object was chosen 
because the beam width of 
the arriving signal 24,000 
years from now would just 
span the diameter of the 
cluster, thus wasting no 
power; secondly, there might 


be a sufficient number of 
civilizations out of the 
million stars in the cluster 
capable of intercepting the 
“astrogram.” The binary- 
coded message contained 
information about the earth’s 
biology pertaining to the 
composition and structure of 
the DNA molecule, the 
human population, an inven¬ 
tory of the solar system, and 
a schematic of the radio tele¬ 
scope that beamed the coded 
signal. 

Lastly, there remains for 
discussion the most grandiose 
project of all: the Cyclops 
system of communication 
proposed by Dr. B. Oliver, a 
vice president of the 
Hewlett-Packard Company. 
Project Cyclops involves an 
array of some one thousand 
100 meter dishes spread out 
over a circular area ten miles 
wide at a cost of 10 billion 
dollars, about one-third the 
cost of the manned missions 
from Mercury to Skylab. The 
installation would be capable 
of intercepting coded beacon 
signals from civilizations out 
to 1,000 light-years, or eaves¬ 
dropping on the radio leakage 
from local transmissions 
broadcast by communicating 
societies up to distances of 
100 light-years. The array 
could also be used to radiate 
directional signals with 
extremely narrow beam 


Project Cyclops involves an array of some one thousand 
100 meter dishes spread out over a circular area ten miles 
wide at a cost of 10 billion dollars, about one-third the cost 
of the manned missions from Mercury to Skylab. The 
installation would be capable of intercepting coded beacon 
signals from civilizations out to 1,000 light-years ... 



lobes. A large Traction of its 
time would, in addition, be 
devoted to investigations of 
natural radio sources on the 
sky. It is estimated that 
within 1,000 light-years there 
are some 1.7 million suitable 
stars. By "suitable'' we mean 
solar-type stars which possess 
sufficiently long life spans to 
permit the slow, orderly 
biological planetary evolution 
of an intelligent species. For 
example, our sun is about 4.S 
billion years old and biologi¬ 


cal evolution on earth 
required about 3.3 billion 
years to produce modern 
man. Under the optimum 
conditions wherein inter¬ 
stellar beacons operate con¬ 
tinuously and we can monitor 
all likely channels simultan¬ 
eously in the microwave 
region with a receiver having 
at least one billion outputs, 
the search could be com¬ 
pleted in about 30 years. 
Otherwise we should be pre¬ 
pared to spend centuries of 


effort in a project with some 
chance of success in the 
distant future. 

In the meantime, there 
remains the slim prospect of 
serendipitous contact. We 
might accidentally stumble 
onto artificial signals being 
randomly directed our way, 
intercept signals being 
exchanged between two other 
worlds, locate signals between 
a cruising spaceship and its 
parent planet, detect signals 
from an automated probe 


monitoring our solar system 
and reporting to its home 
station or mimicking our 
communication to gain recog¬ 
nition (an unlikely source of 
long-delayed echoes), or 
eavesdrop on a galactic net¬ 
work exchanging information 
among its member societies. 
Once interstellar communica¬ 
tion is initiated, it will mark 
the end of our cultural isola¬ 
tion and establish our entry 
into the galactic club of 
civilized societies. ■ 
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cat of. some with a turn and bank 

indicator. This was about the story for 

flying and navigating instruments. The 
Stearman had all these for the out¬ 

bound trip plus a rate of climb indi¬ 
cator and radio on the return trip. An 
1100 to 1200 mile cross-country trip, 


To be sure, there were airway strip 
maps to be had, but once you were 

off those, the Rand McNally state 
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5/8 Wave Power for Your HT 


T he majority of the com¬ 
mercially made two 
meter FM hand-held trans¬ 
ceivers today have I or 2 
Watts output into quarter 
wave antennas or rubber 
ducks. There are many times 
when an FM operator would 
like to have a little more gain 
to work out better from poor 
locations. This article 
describes a tunable 5/8 wave 
telescopic antenna to use 
with a rig such as the Drake 
TR-22 transceiver. 

The antenna design is not 
a new one. However, the 
adaptation for use with 
portable equipment and base 
stations is novel. It basically 
consists of four parts: (1) a 
44” or 45" telescopic tran¬ 
sistor radio replacement 
antenna rod; (2) acrylic 1/2” 
OD, 1/4" ID, 2-1/2” long 
plastic insulator; (3) a 4 turn 
coil and an NPO 3-12 pF 
ceramic trimmer; (4) PL-259 
coaxial connector. Use with 
the TR-22 transceiver 
requires an additional 90° 
elbow, a barrel connector and 
a double male connector. 

Construction of the 
antenna is a little unusual, 
but can be done easily in 
about an hour. First, with the 
2-1/2” acrylic rod, drill a 
5/16” hole, 1-1/2" into the 


center of the rod tube. The 
metal telescopic rod will fit 
into this later. Next, prepare 
a 1 ” by 1 14 " wooden dowel 
rod. Drill a small hole 
through the end of the dowel 


to pass a center conductor 
wire. Glue the wooden dowel 
into the bottom of the plastic 
insulator tube and drill a 
small angular hole through 
the side of the plastic rod to 



coincide with center hole of 
the dowel. Solder a 3” piece 
of center conductor from 
RG-58 coax to a PL-259 
coaxial connector. Fish the 
loose end of wire up through 
the wooden dowel and out 
the side of the plastic insu¬ 
lator. Next, fill in the PL-259 
connector with epoxy and set 
the wooden dowel into the 
connector. Be sure to pull the 
center conductor wire as you 
work the dowel into the 
epoxy. Let epoxy set up until 
hardened. Next, wind a coil 
using #12 copper wire (1/2" 
ID, 4 turns). Bend the ends of 
the coil and leave plenty of 
excess wire to make the 
hookup. Position the coil 
over the plastic insulator and 
slide it down until the first 
turn reaches the PL-259. File 
off the chrome plating from a 
spot on PL-259 and solder 
the bottom end of the coil. 
Solder to the coil the center 
conductor wire coming 
through the side of the plastic 
insulator, at 1 turn from the 
grounded end. 

Insert the 44" telescopic 
antenna rod into the top of 
the insulator. Drill a 1/16" 
hole through the insulator 
and antenna rod. Secure with 
a #3-48 screw, nut, star 
washer and lug. Solder the 
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top end of the coil to the lug TR-22 coaxial SO-239 output 
and tighten it down. Finally, connector at the rear of the 
solder an NPO 3-12 pF unit, 
ceramic trimmer between the 

top and bottom of the entire Tune-up procedure is very 
coil. Extend the antenna rod simple; there are two ways, 
to full length and check for First, using a field strength 
rigidity. This completes the meter in close proximity, key 
construction. the transmitter and adjust the 

NPO capacitor with an insu- 
With a Drake TR-22, an lated tuning wand for max- 
additional 90° elbow coaxial imum meter indication. Or, 
connector, a barrel con- while listening to a weak 
nector, and a double male signal, adjust the NPO 
connector must be used to capacitor for maximum S- 
adapt the antenna to the meter indication. Both 


methods are with the antenna a fun little antenna to build 

in place and the rod fully and can be used not only for 

extended. hand-helds but also for 

Regency HR-2 type rigs, too. 

The antennas constructed Those who have the problem 

thus far have been very effec- of no antenna allowed 

live, with increased receive outside can use this antenna 

and transmit gain over the and have many surprising 

built-in quarter wave type results, especially from the 

antennas. Many repeaters in second floor of a structure. In 

excess of 35 miles have been most cases it will mount on 

worked using this antenna the SO-239 at the rear of the 

and a 1 Watt rig. It is very rig. Be sure to re-tweak the 

useful in the home and shop, NPO capacitor when changing 

and at picnic outings and rigs for optimum perfor- 

other portable locations. It is mance! ■ 


If you are on 2-meters now 
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OSCAR!) 
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H aving just recently read 
an article by WB4DCV 
in the Nov/Dec 1975 issue of 
73 Magazine, and another by 
WB2DFA in the Jan 1976 
issue of Ham Radio, I 
thought it might be timely to 
write up some of the ideas 
used around here for strobing 
and general control of 
displays. If I didn’t strobe or 
timeshare some of them, I 
could not afford my light bill 
each month. 

While this is not a con¬ 
struction article, it might help 
some of your present or 
future projects. Since nearly 
all digital projects do their 
"thinking” in a binary or 
BCD code, a transition 
usually occurs somewhere in 
an 1C (or ICs) that converts 
this code to the required 
seven-segment code and the 
readout numbers we under¬ 
stand. Further, this generally 
occurs in a 7446, 7447, 7448, 
etc., family 1C or CMOS 


Fig. 1. 

equivalent. These little multi¬ 
pin "black boxes” more often 
than not have a group of 
gates that seem to get over¬ 
looked quite often. Blanking, 
strobing, etc., are the very 
reasons these gates were built 
into the 1C, so it is a shame to 
overlook them at the expense 
to our pocketbooks! 

There are two pins on 
most of these ICs, referred to 
as the ripple blanking output 
(RBO) and the blanking or 
ripple blanking input (RBI) 
lines. Hooked together 
properly, these pins can be 
used to blank out what are 
called the leading zero figures 
on a display, or the zero(s) 
preceding the actual number 
desired (i.e., the 00123 in the 
number 123). Another 
example: In a 5 digit counter 
like the K20AW counter that 
I wrote up some additions for 
earlier (73 Magazine, June, 
1973), a very worthwhile 
further addition can be 


realized by using these 
RBO/RBI lines wired 
properly for the leading edge 
zero blanking. By tying pin 5 
of the most significant digit 
(left figure as viewed by user) 
1C SN7446 to ground, then 
tying pin 4 of the same 1C to 
the next lesser significant 
figure 1C SN7446 pin 5, and 
carrying pin 4 of one 1C to 
pin 5 of the next 1C to the 
right, on down until only the 
right-hand pair of digits (their 
7446s) are not modified, you 
will blank all zero figures to 
the left of the right-hand pair. 
Examples: 00001 will read 
01, 00011 will read 11, 
00111 will read 111, 01111 
will read 1111, and 11111 
will read 11111. If 10001 is 
the number, then 10001 will 
read out. Only insignificant 
zero figures are deleted and 
blanked. Leave at least two 
right-hand digits unaffected 
in order to tell that the 
counter is indeed running and 
working. 


Also, in a switched range 
counter such as the K20AW 
model, always begin by 
counting in the upper range. 
This avoids the obvious errors 
that could occur using the 
zero-blanked version (i.e., 
1,140,003 Hz on lower range 
reads as 03 Hz). I doubt 
anyone looking in a place for 
1 MHz signals would buy the 
03 Hz answer, but, done in 
high range first, he can't go 
wrong, getting first a 1140 
(zero of 01140 blanked) 
answer, to which he adds the 
03 for a 1,140,003 correct 
answer. 

The blanking arrangement 
is easily defeated by a switch 
(if so desired) for high fre¬ 
quency measurements over, 
in this case, the low range 
limit of 99,999 Hz. Especially 
in audio measurements in 
most model counters, it is 
much easier to read 420 Hz 
or 1200 Hz, etc., than 00420 
or 01200. 

To get back to strobing, 
these same blanking lines can 
be controlled by ripple 
through counting devices as 
in the WB4DCV article (a 
7490 to 7441 pair), and the 
blanking lines will perform 
the "strobe” function by 
sequentially blanking or un¬ 
blanking a readout tied to 
that particular 1C. Since the 
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exact seven-segment decoder a new project, take the eye, so they appear to be 

used may require the reciprocal (1/x) of x number always on (see Fig. 1). 

opposite polarity than that of readouts used, times the Now some comments on 
provided by the 744], the current per readout (7 times counters in general, and 

outputs from the 7441 may the per segment figure in a specifically the K20AW 

be tied to the inputs of hex seven-segment device), times model I have. Mine has 

inverter ICs to reverse the two. The times two is a safety been in constant use since I 

"sense" of the outputs (two feature that should appear as built it over three years ago. 

ICs being required, with two a 1.5 to 2.0 figure in all of One of the modifications I 

gates or inverters left over), your power supply designs, suggested in my original 

Just remember, to get true unless you like the smell of article was (as Peter Stark 

strobing where only one smoke (transformers, K20AW pointed out) con- 

number is on at a time, make resistors, etc.). trary to good TTL practice, 

sure your outputs (from 7441 A recent development of but the entire counter has 
or inverters) cause all my own may also be of worked perfectly as described 

numbers to be off except the 
one to which the counter 
(7490) has driven the 7441. 

Note the following example. __ 

It is further recommended 

that, on a 5 digit counter like By all means strobe, but don’t make a 

the K20AW model, the hard job of it when you need not! 

blanking lines be tied to all__ 

the decoder even or odd 
number outputs (or their 
inverted not-lines for some 


will use the input metering 
circuit of that article, as a 
little metering would sure be 
reassuring at times. 

I had some months ago 
changed the first 7473-7490 
combination in the counter 
chain over to a 74196 as in 
the WB2DFA circuit, and it 
did indeed count to 63 MHz 
on mine, using a discrete 
buffer after the 3N200 to 
shape the waveform for FTL 
(instead of the 7413) and a 
74S00 for the input selector 
1C. I have since tried the 
74S196 for the 74196 (pin 
for pin OK), and using the 
same 74S00 I can count to 
just over 100 MHz. I have 
determined that the 74S00 is 
the limiting factor, and, if 
you try the same idea, the 
results may vary from 80 to 
120 MHz depending on your 
choice of 74S00 and 74S196. 


seven-segment decoders) of 

the 7441 decoder. This allows interest. By simply tying the 
the following sequence in an D line output of one of your 
all-tied-to-odd-lines version crystal timebase dividers 
(7441 positions): (0) no lights whose frequency is 100 to 

on.NLO; (1) one light read- 1000 Hz to all inputs of a hex 

out) on - OLO; (2) NLO; inverter 1C (I used a 7406), 
(3) OLO; (4) NLO; (5) OLO; and tying one each of the 
(6) NLO; (7) OLO; (8) NLO; outputs to one of the blank- 
(9) OLO - and you have ing lines of the 7446s, an 
strobed 5 digits (count all alternate means of strobing 
OLO positions). Between occurs that gives you an 80% 
digits, there is no power reduction in power required, 
drawn, and, in 5 positions of This may be adequate in 
the decoder 7441, only one some applications, and cer- 
readoul is lit. If you are tainly requires the minimum 
modifying a present counter, of hardware. In this case all 
just leave the power supply readouts are off 80% of the 
for the lamps alone after the time, and on 20% of the time, 
modification — it will just run but at a rate faster than you 


I have not laid this out as a 
for over three years now. I construction article, but for 
have, since writing my article, those of you who want to see 
made some of the modifica- my 3N200 arrangement, etc., 
tions to my counter that have on paper, please send an 
appeared in subsequent SASE and I’ll copy up a sheet 
articles by Pete and others, or two with all the collective 
One of these is the input information on it. It’s all 
circuit change by Pete himself there for you to digout of 
in the Nov 1974 73 Magazine, the articles mentioned if you 
This, coupled with the change have them, 
from a 40673 FET to a In a short article like this, 
3N200 FET, greatly a pin-by-pin type of descrip- 
improved the input sensi- tion is impossible, but the 
tivity. If I had it to do all above articles and their sche- 
over again, I would make this matics should straighten out 
input circuit a plug-in module any questions or problems on 
of some sort, since I am now what I have described. By all 
building the WB2DFA Ham means strobe, but don’t make 
Radio input buffer circuit for a hard job of it when it need 


cool for long life. If designin 


i follow with the human comparison. Either 


7(/e ate ready (a aerue you- 

WIRE C ONCEPTS INC. 

hr W 201-ZZ7,-1751 


FOR AMATEUR USE 

50 OHM JACKETED HARDLINE 


198 Passaic Ave., 

, Fairfield, N.J. 07006 


• very low loss per 100 ft. 

• improved receiver sensitivity 

.45 DB to 50 MHZ 
.90 DB to 146 MHZ 
1.90 DB to 450 MHZ 
4.20 DB to 1296 MHZ 

• longer life 

SALE .39$ per foot 
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NEW MFJ CMOS 8043 
ELECTRONIC KEVER 
by Morgan Godwin W4WFL 


Except for the omission of the Completely self contained in MFJ's 
model number on the lower portion standard 4 x 3-1/4 x 3-3/16 inch 

of the front panel. MFJ Enterprises’ enclosure, the CMOS 8043 is powered 

new CMOS 8043 electronic keyer by four penlight cells. The sidetone 

looks exactly like its predecessor, the oscillator utilizes a 2N3904 which 

CM0S-440RS. However, appearances provides ample volume with the built- 

































KENWOOD TS-700A 
2 METER TRANSCEIVER 
By Fred Goldstein WA1WDS 
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within the SSB bandpass t( 
reading, The meter doesn't 
strong signals like on most F N 


COLUMBUS GA 
MAY 8-9 

The Columbus Amateur Radio Club 
(Georgia) is holding its annual Ham- 


CADILLAC Ml 
MAY 1 

The Wexaukee Amateur 
Association announces their 


n Saturday and Sunday, May 8 Annual Swap Shop and Eyeb 



as you change band segments. The 
final has a tuning control, and there’s 
even driver peaking, so you don't have 
to worry about losing sensitivity at 
one end of the band or the other. 
VOX is available as an accessory. If 
you really want some fun on two 
meters, the TS 700A will really 
deliver. 


SULLIVAN IL 
APRIL 25 

The Moultrie Amateur Radio Klub 
announces its 15th Annual Hamfest at 
the American Legion Pavilion in 
Wyman Park, Sullivan, Illinois on the 
25th of April. 1976. Rain or shine, 
same place as always. 


Amateur Radio Society, Box 653, 
Meadville PA 16335. 


BIRMINGHAM AL 
MAY 1-2 

The Annual Birminghamfest Ama 
teur Radio Convention will be held 
May 1 and 2 at the Alabama State 


grams. Talk-in on 34/94 and 3925. 


WESTMINSTER MD 
MAY 2 

The Potomac Area VHF Society 
will hold their annual hamfest on 
Sunday, May 2, 1976, at the Agricul¬ 
tural Center in Westminster. Mary 


briefs 






























The Grabbers! 

6-DIGIT COUNTERS! 


“tis 

(250mHz) 


We have a whole wonderful line of unbelievable counters 
starting at $45.95! All counters are also available factory 
wired and tested. Drop us a line or give us a call today. 

Huffco - P.O. Box 357, Dept. 25, Provo, Ut. 84601-(801) 375-8566 



PARTS PANIC!! 

Having parts problems such as Minimum Orders, Unanswered Letters, 
Uninterested Suppliers, Too Much Time at Rea Markets? 

Let G. R. Whitehouse & Co., the New Parts Specialists solve your 

Pr0Wen ? S - NOW IN STOCK 

Transmitting Variables — Roller Inductors — Counter Dials 
Air Wound Coils — Couplings — Knobs — Receiving Variables 
Toroids — R.F. Chokes — Coil Forms and more 

From 

Millen - E. F. Johnson • Barker & Williamson - JW Miller - Hammarlund 
Send First Class Stamp for Flyer 

G. R. WHITEHOUSE & CO. 

r17 NEWBURY DRIVE, AMHERST, N. H. 03031 ■ >_=- 

CB "The Parts Rnders” llfiSj 































WYOMING-UTAH 

Ranch land. Antelope, deer, elk, wild 
horses - Your "Antenna Ranch." 10 
Acres $30 down, $30 month. FREE 
info — maps — photos. Owner: Dr. 
Michael Gauthier, K6ICS 
9550 E. Gallatin Rd., Downey CA 90240 






























It Happened to Me... 


Charlene Knadle WB2HJD 
316 Vanderbilt Parkway 
Dix Hills NY 11746 


I decided to improve the 
hamshack. The O.M. was 
out and there couldn't be 
a more perfect time. The 
Fibber-McCee ham room 
closet was sixty percent 
empty. O.M. and friends 
were on a mountain¬ 
topping expedition, and 
they'd packed like it was 
for forever. I had time 
They would be gone the 
entire weekend. 

Lug the rest of the 
heavy stuff out of the 
closet. Clean the floor — 
hadn't been vacuumed 
since we moved in (too 
equi pment-covered). 

Bring up a steel-shelf unit 
from the basement. 
Wouldn't miss one there. 
Put it in hamroom closet. 
Fits fine. Lug the heavy 
stuff back into closet — 
this time onto lowest 
shelf. 

Add another bookcase 
— this one wood-grained 
and handsome. Fill it with 
QST's, 73' s, Ham Radio's 
and CQ's (O.M. needs 
them for quick reference 
while on the air) so there 
won't be space left for 
voltmeters, power sup¬ 
plies, and supply sup¬ 
plies. 

Dust and wax desk and 
two tables. Clean floor. 
Stand back and admire. 
What could be better than 
this? Something could. 
There could be an acousti¬ 
cal ceiling. 
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Too bad I thought of it. 

OM returns aghast and 
delighted. Adds pegboard 
back to closet. Puts things 
on shelves neatly. Devises 
wire-hanger for side wall. 
Progress! 

Pass the word I want 
egg boxes to use as 
acoustical tiles. NASTAR 
office says they seem to 
work (NASTAR, we re¬ 
member you), though they 
never measured to be 
sure. Friends and rela¬ 
tives give egg boxes. 
Especially Grandmother, 
whose friends run a deli¬ 
catessen. Can't just tack 
them up. Got to paint. 
(Worst mistake). 

Line basement floor 
with newspapers; spread 
the cartons Dab the 
paint, twist; dip, dab, 
twist. Slow going. Must 
be a better way. An idea 
lights. Use an insect 
sprayer. Got one for 
$2.39. 

"Why don't you just 
buy ceiling tiles? The 
suspended ones are 
great." 

"The idea is to do this 
cheaply." 

"Have you considered 
your labor?" 

"I want to do something 
different. Be creative." 

"You don't even know 
if it'll work." 

"We'll measure it." 

"Why paint first?" 

"I've already started. 
Leave me alone." 

Remove insect-sprayer 
cap. Hole small. Sacrifice 
soup ladle and kitchen 
funnel. Fill it. Push! Hard 
going. Clogs. Paint too 
thick; hole too small. 
Scratch $2.39 plus ladle 
and funnel. Back to the 
brush. Dip, dab, twist; 
dip, dab, twist. This is 
going to take forever. 

Six painting sessions 
later, enough done to 
cover one fourth of ham- 
shack ceiling. Tall stack 
unpainted; short stack 
painted, wet ones on floor. 


Enthusiasm not lost, 
just new projects gained. 
Let it ride. Months later: 
"I'm not so sure I like the 
idea Why don't you drop 
it." 

"Never. After all those 
people contributed car¬ 
tons? After all my work?" 

"Think of what there is 
yet to do." _ 


I did. And I didn't do. 
Too many other things. 
(Sew, study, have another 
baby.) 

Rain seeps into base¬ 
ment. Dries. Seeps again. 
Dries. O.M. disgusted 
with clutter there (of all 
places). Goes on binge. 
Cleans unmercifully. Fills 
garbage cans. Sells valu¬ 


able gear. I'm busy up¬ 
stairs. 

“By the way,” (weeks 
later) “I threw away those 
old egg cartons. It would 
never have worked. And you 
weren’t going to finish them 
anyway.” 

Could he be wrong? 
(Might it work?) Anyone 
want to find out? ■_ 


ATTENTION METRUM II 
OWNERS 


vanguard has a high quality 
synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 


For complete details and photo 
see our half-page ad in this maga¬ 
zine. 


VANGUARD LABS 


„ WHILE 
CSdc THEY 
_ LAST 

POWER SCR's & TRIACS 

BY LEADING U.S. MANUFACTURER 


SEND NOW FOR YOUR POWER PACKAGE 
KIT WHICH INCLUDES: 

• ALL 200 VOLT OR HIGHER SCR‘s & TRIACS 

• 2 TRIACS IN THE CURRENT RANGE OF 

• 1 TRIAC OR SCR WITH 25 Arms RATING 

• 1 GATE PROTECTION DIOOE 

• RATING/DEVICE DESCRIPTION INFO_ 


POWER PACKAGE 
CSdc 


-GATEWAY- 

ELECTRONICS 

8123 Page Blvd. 2839 W. 44th Av 

St. Louis MO 63130 Denver CO 80211 

(314)427-6116 (303)458-5444 
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1C sockets may be assorted for quantity 

discounts. 1 to 9 pcs. NET, 10 to 24 pcs. 
LESS 5%, 25 to 99 LESS 10%, 100 to 
499 LESS 20%. WRITE FOR LARGE 
QUANTITY QUOTATIONS, D.I.P. plugs 
and covers also available. 


MINIATURE 

THUMBWHEEL 

SWITCHES 


na i 



BCD ONLY.$2.50 

COMPLIMENT ONLY. 2.75 

BCD & COMPLIMENT. 4.00 

DECIMAL... 2.50 

END PLATES (PAIR).50 

HALF BLANK BODY.40 

FULL BLANK BODY.40 

DIVIDER PLATE.40 


MINIATURE SIZE 0.315 X 1.3 X 
1.78 

Alt switches are black with white 
Figures and snap-in front mounting. 


VISIT US WHEN IN ST. LOUIS OR DENVER 
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Robert /.. Anderson W8KZM 
391 Pleasant Ridge Ct. 

Saline MI 481 76 


555 Timer Sweep Circuit 
for SSTV 


T he circuit described in this article uses a 
555 timer 1C chip as both the oscillator 
and linear sawtooth generator circuit for an 
SSTV monitor. Most SSTV monitor sweep 
circuits that have been published use a 
transistor-discharged capacitor sweep circuit 
to produce the 15 Hz and 1/8 Hz sawtooth 
waveforms required for horizontal and 
vertical deflection. Separate oscillator 
circuits are required to drive the discharge 
transistors to produce a raster in the absence 
of sync pulses, or else the beam will stay at 
maximum deflection until sync pulses 
return. 

I have been intrigued for some time with 
the 555 and its versatility in many applica¬ 
tions. So, when I was building my SSTV 
monitor, I decided to experiment to see if 
the 555 could be successfully used as both 
the linear ramp generator and oscillator. 

The entire sweep oscillator circuit 
described uses a pair of 555s, one for the 
horizontal sweep, and the other for the 


vertical. A single 556 chip, which is merely 
two 555s in a single 14 pin DIP package, 
could also be used. 

The 555 Timer 

For those not familiar with the 555, let 
me first describe its basic design and use as a 
simple oscillator. Such information is basic 
to the understanding of the SSTV sweep 

A block diagram of the 555 is shown in 
Fig. 1. It contains a precision voltage divider 
string consisting of three equal resistors, two 
comparators, and a control flip flop. Also 
included are an inverting buffer amplifier 
capable of sourcing or sinking 200 mA and a 
discharge transistor whose collector is avail¬ 
able at pin 7. The comparators set or reset 
the control flip flop when their inputs are 
equal to 2/3 or 1/3 of the supply voltage, 
respectively. When the flip flop is in the 
“set” condition, the output on pin 3 is at 
ground and the discharge transistor is “on" 



in the saturated condition. The 555 is 
available in an eight pin "Mini-DIP" package 
or in an eight lead TO-5 can. 

Basic 555 Oscillator 

The use of the 555 as an astable oscillator 
is shown in Fig. 2. Circuit operation is as 
follows: Upon application of the supply 
voltage, which can be between 5 and 15 
volts, capacitor C| will start to charge 
through R-] and R2- When the capacitor 
voltage becomes equal to 2/3 of the supply 
voltage, the threshold comparator sets the 
control flip flop, turning on the discharge 
transistor. The capacitor then discharges 
through R2, until its voltage is equal to 1 /3 
of the supply voltage. The trigger com¬ 
parator then resets the flip flop, turning off 
the discharge transistor, allowing the cycle 
to repeat. The waveforms produced are 
shown in Fig. 3. Since the comparator 
switching points are directly determined by 
the supply voltage, which also determines 
the charging rate of the capacitor, the 
oscillator frequency is insensitive to changes 
in the supply voltage. The oscillator fre¬ 
quency can be calculated by: 
f = 1-44 

(Rl + 2R 2 ) q 



Capacitor C2 is merely a by-pass to keep 

Fig. 1. Block diagram of 555 Timer Chip. noise out of the reference voltages. 
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Fig. 3. Oscillator waveforms. 

Linear Sweep Oscillator 

This basic circuit had some basic 
deficiencies which made it initially unsuit¬ 
able for SSTV sweep application. The main 
objection was that its output waveform was 
exponential rather than linear. The other 
objection, rather minor, was that it did not 
return to zero but began recharging at 1/3 
supply voltage. Both these problems were 
overcome with the circuit shown in Fig. 4. 

Linear charging of the capacitor was 
achieved by using a transistor constant 
current source in place of R| and R2- The 
collector current of the PNP transistor is 
constant as long as the capacitor voltage is 
not equal or greater than the base voltage, 
allowing the transistor to conduct normally. 
The transistor operates to maintain the same 




voltage drop across the emitter resistors R3 
and R4. The collector current for a high gain 
transistor (0>3OO) is for all practical 
purposes the same as the emitter current: 

!5_ = 0 _ 300 _ 1 

l e 0+1 301 


The result is a constant current that can be 
varied by changing R4. The amount of 
current will determine the charging rate of 
the capacitor, and hence establish the 
oscillator frequency. 

To allow the waveform to return to zero 
volts before restarting the sweep, the trigger 



Fig. 5. Complete 555 SSTV sv 











Home brew SSTV monitor using the 555 sweep circuit. 


input was connected instead to the output, 
pin 3, through a delay network R5 and C3, 
Approximately 1 millisecond after Cl is 
discharged and the output voltage goes low, 
the trigger voltage falls below 1/3 the supply 
voltage and a new sweep is started. The 
discharge of Ci is quite rapid, allowing for 
rapid retrace. The I millisecond delay, how¬ 
ever, insures that the capacitor does 
discharge completely before starting a new 
sweep. 

In operation, the frequency of the 
oscillator is set by adjusting R4 so that the 
period of oscillation is just slightly longer 
than the time between sync pulses. The 
presence of a negative-going sync pulse on 
the “reset" input (pin 4) will discharge the 
capacitor for retrace at the proper time and 
initiate a new sweep. 

The sawtooth sweep is taken from pin 7. 
This is a high impedance point, and needs to 
be buffered with a voltage follower opera¬ 
tional amplifier circuit if it must drive a low 
impedance input circuit. In this application, 
however, I was able to drive the positive 
input of the operational amplifier in the 
sweep driver stage without loading problems 
on C| or the current source. 

Summary 

The oscillator circuit is very stable, and 
will run very close to the correct frequency 
if sync pulses arc QRM'd or otherwise lost. 
The "retriggcring” aspect of its design makes 
it possible for the sweep to lock in again 


instantly on the first new pulse after 
previous pulses were lost. 

Fig. 5 is a complete schematic of the 
sweep circuit used in my SSTV monitor. 
Included also in this circuit is a pulse 
“stretcher” and lamp driver that operates 
from the horizontal sync pulses and is used 
as a tuning indicator. The circuit has been in 


use in my home brew SSTV monitor since 
November 74. The rest of the monitor is 
basically the W9LU0 1 design. The operation 
of the 555 oscillator/ramp generator has 
produced good results and stable pictures 
under many adverse conditions. ■ 

*"A Solid State SSTV Monitor-Mark II," Robert 
Tschannen W9LUO, QST, March, 1973. p. 27. 


/l/eu/f 500 MHz Frequency 
Counter Kit ■ $175.00 

HAVING TROUBLE 
GETTING PARTS ? 

TRY US 

WE HAVE THEM IN STOCK 

OUR 300 MHZ FREQUENCY COUNTER 
STILL ONLY $140.00 COMPLETE KIT 
$105.00 BASIC 

RANGE: 60 cycles to 300 MHz 8digit LED readout 
SENSITIVITY: less than 100 MV All parts including 
INPUT: 50 Ohms Case, bezel. 1C sockets, etc. 


KRP ELECTRONIC SUPERMART INC. 

219 W. SUNRISE HIGHWAY ■ FREEPORT, N.Y. 11520 
516 - 623-3346 

SEND FOR OUR FREE 
24 PAGE CATALOG 


Custom embroidered patches, no 
minimum, no shape or color limits. 
Doubleknit vests, nylon jackets, 
custom imprinted tee-shirts. 

LePhCo 

2860H Pinkerton 
Zanesville OH 43701 

_ (614)453-6966 _ 








































W Edwin Cain K40RT 
Rt #1, Farm Estates 
Perry CA 31069 

Tech Manuals 


So! Now you're having 
second thoughts about 
that beautiful piece of 
electronic gear you bought 
at the surplus sale. It's 
beginning to look more 
like a boat anchor all the 
time. But, you say to 
yourself, if I only had a 
technical manual for it, I 
might be able to do 
something besides can¬ 
nibalize it. Well, my 
friend, take heart. It is 
possible that you can get a 
manual for it. Public Law 
90-23 allows the sale of 


unclassified technical 
manuals directly to the 
public. This article will tell 
you how to go about 
ordering a manual and 
approximately how much 
it will cost. 

Each agency, i.e.. 
Army, Navy and Air 
Force, is responsible for 
determining the releas- 
ability and cost of the 
manuals under its juris¬ 
diction. In the case of the 
Army and Navy, each has 
a single office where you 


can send your request, but 
within the Air Force there 
are five different activities 
depending on the type of 
equipment involved 

Determining which of 
the first categories your 
goodie fits in will probably 
be obvious by the type 
sale where you purchased 
the item (Army, Navy, 
AF). If it is an Air Force 
item, you must further 
determine which activity 
in the Air Force can 
satisfy your request. But 
even if you goof and mail 


your request to the wrong 
place, no harm will be 
done, except maybe some 
delay in getting the in¬ 
formation you want. Each 
service has a similar way 
of identifying its manuals: 
the Army precedes a 
number or group of num¬ 
bers usually with TM; the 
Navy with NAVSHIPS; 
and the Air Force with 
T O. If there is any 
reference to this type 
number associated with 
the equipment when you 
get it, by all means 



























mention this in your 
request. It may save you 
both time and loot, be¬ 
cause if an agency has to 
perform research in ex¬ 
cess of an hour or so to 
locate the number, you 
may have to pay for this 
research. However, most 
research requires much 
less time than this, so you 
don't have to worry about 
it. 

The manufacturer in¬ 
stalls a nameplate on each 
item of equipment before 
it is delivered. The name¬ 
plate contains, among 
other things, the Joint 
Electronics Type Desig¬ 
nation Number or AN 
number as it is often 
referred to. This number 
tells you what the item is 
and, in the case of the Air 
Force, gives you a clue as 
to what activity is respon¬ 
sible for the technical 
manual. 

As was stated earlier, if 
it is Army or Navy 
equipment, you need only 
mail your request to the 
appropriate address which 
is also listed at the end of 
the article. If it is Air 
Force equipment, mail 
your request to one of the 
five Air Force bases 
listed, after determining 
the appropriate one by 
reviewing the type equip¬ 
ment managed by each 
one. 

Now for the cost. It is 
nominal as the govern¬ 
ment barely recovers 
printing costs. There is a 
minimum charge of $2.00 
for manuals up to six 
pages and an additional 
one-cent-per-page charge 
for all pages in excess of 
six. For example, a man¬ 
ual with 100 pages would 
cost about $3.00. Be sure 
to specify what type 

maintenance, operation, 
or parts list. Do not send 
any money with your 
original inquiry. As soon 
as the agency receives 
your request they will 


determine if a manual is 
available. If it is, they will 
notify you what the cost is, 
how to make out your 
check or money order and 
tell you where to mail it. 

That's all there is to it, 
so don't let that goodie 
gather dust on the shelf. 
Get yourself a technical 
manual and put it to work. 


ADDRESSES 

Navy 

Director, Navy Pubs., 
Hand Printing Service 
Naval District Washington 
Washington Navy Ship¬ 
yard 

Washington DC 20390 
Army 
Hq, DAAC-PAS 
Forrestal Bldg 


Washington DC 20314 
Air Force 
Oklahoma City 
AlC/MMST 
Tinker AFB OK 73145 
Navigation Instruments, 
Flight Instruments, Auto¬ 
pilots and Airborne Cyro 
components. 

Ogden ALC/MMST 
Hill AFB UT 84406 



CLOCK KIT $14.00 

Includes all parts with MM5316 chip, 
etched & drilled PC board, transformer, 
everything except case. #SP284 $14 
2/$25 


5 VOLT 1 AMP REGULATED power supply kit for logic work. All parts including 
LM 309K #PK-7 $7.50 

DUMMY LOAD resistor, non-inductive, 50 ohm 5 watts 3% $1.00 
AA NICAD CELL5 brand new, fine biz for handy talkies. $1.25 ea 9/$9.00 
A3CII KEYBOARD brand new w/ROM chip, data package $45.00 


POWER SUPPLY MODULE 

New, plug-in module. Plugs into AC outlet provides 12 
volts AC at % amp by two screw terminals. Great for 
various clocks, chargers, adding machines, etc. New 

$2.50 ea. 5/$10.00 


LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 434 
x 934 inches. $25.00 each 5/$110.00 

TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 234 x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/$25.00 


C-MOS LINEAR by RCA, brand new, gold bond process. 







1458 .£ 

3401 .f 

555 timer .( 

Please a dd shipping co 


P.O. Box 62 

E. Lynn, Massachusetts 01904 


MM 5314 $3.00 

MM5316 3.00 

7001 8.00 


FREE CATALOG 

SP— 7 NO W READ Y 




Cameras, motion and s till Ground communications radar, communication, in¬ 
picture [all photo equip- equipment [Navigation, terphone] night vision 
ment] Radar, communications] equipment and miscellan- 

San Antonio ALC/MMST motor generator sets, tele- eous communication 
Kelley AFB TX 78241 type and facsimile equip- equipment 
Most all general purpose tnent NOTE 

test equipment fi.e., Warner Robins It is not possible to list all 

'scopes, VTVM's Tube ALC/MMST categories. Those listed 

testers, etc] Robins AFB CA 31098 are general and the ones 

Sacramento ALC/MMST Airborne Communications in which Hams would be 
McClellan AFB CA 95652 equipment [Navigation, most interested." 
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Si Dunn K5JRN 
3607 Binkley 
Dallas TX 75205 

RF 

and 

Mod 

Monitor 


Around most ham 
shacks, several uses can 
be found for a simple rf 
and modulation monitor. 
This one is little more than 
a glorified crystal detec¬ 
tor, but it monitors outgo¬ 
ing rf, aids in the tuneup 
of transmitters and anten¬ 
nas and lets you hear how 
your transmitted signal 
sounds. 

Of course, single side¬ 
band — if the carrier is 
properly suppressed — 
will sound through this 
monitor like you're talking 
with a mouthful of wet 
cement. Amplitude modu¬ 
lated signals should sound 
clean and natural. 

I built this circuit in a 
small phenolic box mea¬ 
suring 3-3/4 x 2-5/8 x 
1-3/8 inches. A metal 
minibox also can be used. 
The rf probe is 5 feet or so 
of #22 enameled copper 
wire folded and taped into 
a "whip" about a foot 
long and soldered to a 
phono plug. At low fre¬ 
quencies and low power 
levels, a longer piece of 
wire may be necessary for 
sufficient rf pickup. Most 
any germanium diode 
should work, but a 1N87 
gave higher output than a 
couple of other general 
purpose diodes * 








the band must have fallen emissions (they sounded ham to hand over his gear, 
out about then 'cause he pretty good to me any- I asked him if the judge 
didn't come back after way). He told me about had a deep voice, and 
that. a run-in he'd had with the when I found out that he 

Then on Wednesday, I local tax collector who'd did, I said, "It's obviously 
was up on Twenty, talking tried to impound his radio another case of a short 
to a foreign sounding guy equipment. When they circuit from E-mitter to 
who kept referring to his went to court over it, the collector due to an im- 
transmitter as his E- judge, who turned out to properly biased bass." 
mitter. He probably called be the tax collector's The band dropped out 
it that because of its A-1 brother-in-law, told the on us. a 


Failure 

to 

Communicate 


I may give up ham 
radio. Band conditions 
have been getting pro¬ 
gressively worse and re¬ 
cently it's been so bad, I 
haven't even been able to 
get through a complete 
QSO. 

Last week was particu¬ 
larly frustrating; for ex¬ 
ample, on Sunday I was 
talking to a TV weather¬ 
man out in six-land and he 
told me about a wealthy 
friend of his who'd spent a 
bundle on a fancy antenna 
farm. It had separate 
towers with monoband 
beams for each band and 
the rotors were powered 
by specially designed bat¬ 
teries. They required a 
critical amount of internal 
pressure which was pro¬ 
vided by an external 
compressor unit. 

It seems that during the 
recent DX contest this 
fellow left the compressor 
on and the batteries built 
up so much pressure that 
they exploded, sending all 
kinds of debris into the 

Naturally, when I heard 
about that, I commented 
that the skies must have 
been partly crowded with 
shattered towers, due to a 
high pressure cell. I figure 





Docket 20686 

Before the 

Federal Communications Commission 
Washington, D.C. 20554 


Deregulation of Part 97 of the Commission's Rules concerning portable and 
mobile operation of stations licensed in the Amateur Radio Service 

DOCKET NO. 20686 

NOTICE OF PROPOSED 
RULEMAKING 


Adopted: January 14, 1976; 

Released: January 27, 1976 

By the Commission: 

1. In this Notice of Proposed Rulemaking the Commission proposes to 
simplify greatly the procedures involved in operating a station licensed in the 
Amateur Radio Service at a portable or mobile location. We propose to delete 
those sections of Part 97 of the Commission's Rules requiring that licensees 
operating their stations portable or mobile identify their transmissions as 
originating from a portable or mobile location. Section 97.313, concerning the 
station identification required of stations operated in the United States by 
aliens pursuant to international reciprocal agreements, would not be affected 
by the amendments proposed herein. 

2. By way of background, an amateur licensee is presently permitted by 
Section 97.95(a) of the Rules to operate his station away from the permanent 
station location anywhere in the United States, its territories, or possessions as 
a portable or mobile station. Under Section 97.95(b) a licensee may, with 
certain restrictions, operate his station as a portable or mobile station outside 
the limits of the United States, its territories, and possessions. Sections 
97.95(a)(3) and 97.95(b)(3) require that advance notice of such portable or 
mobile operation be given the Commission, pursuant to the provisions of 
Section 97.97, which specifies the content of the required notice, and states, 
further, that such notice need be furnished only if the contemplated portable 
or mobile operation is or is likely to exceed 15 days. Finally, Sections 97.87 
(b) and (c) provide that the transmissions of stations being operated at portable 
or mobile locations be identified as such. 

3. We believe those sections of the Rules cited in the preceding paragraph to 
be superfluous. Such requirements have never been shown to be of use to the 
Commission in its regulatory program, and while amateur licensees would in 


portable and mobile locations, we perceive no purpose to be served in requiring 
advance notice to be given the Commission or in requiring that transmissions of 
stations being operated at portable or mobile locations be identified as such. 
We would stress, however, that in eliminating these requirements we would not 
be prohibiting those licensees wishing to do so from continuing to identify 
their portable and mobile transmissions in the traditional manner. We would 

optional, we recognize the probable impact on certain amateur operating 
practices and operating award programs neither regulated nor sponsored by the 
Commission. For instance, under the proposed rules, the control operator of a 
station in portable operation at a location outside its fixed operation call sign 
area (§97.51 (b)] would no longer be in violation of the Commission's Rules 
should he choose not to include the portable designator when identifying the 

identification that the station was located outside the fixed operation call area. 
Call areas would, in a de facto sense, be partially eliminated. For this reason, 
we particularly wish to receive comments on the issue of whether those 
amateur operators who would otherwise not elect to identify their stations as 
being in portable operation should be inconvenienced in order to eliminate any 
impact upon ongoing amateur practices and programs. While adaption of this 
proposal mignt ultimately cause a suDstantiai dilution of tne significance of 
amateur call sign areas, it would provide the Commission with important 
indicia of the extent to which the Service is capable of self-regulation and the 
extent to which our deregulatory program is likely to be successful. 

5. For the reasons cited heretofore we therefore propose to delete in their 
entirety Sections 97.87 (b) and (c), 97.95 (a)(3) and (b)(3), and 97.97 of the 
Commission's Rules. The remaining sections of Section 97.87 would be 
redesignated to reflect the deletions. 

6. The proposed amendments to the Rules, as set forth in the Appendix, are 
issued pursuant to the authority contained in Sections 4(i) and 303 of the 
Communications Act of 1934, as amended. 

7. Pursuant to applicable procedures set forth in Section 1.415 of the 
Commission's Rules, interested persons are invited to file comments on or 
before February 27, 1976*, and reply comments on or before March 8, 1976. 
All relevant and timely comments and reply comments will be considered by 
the Commission before final action is taken In this proceeding. In reaching its 
decision in this proceeding the Commission may also take into account other 
relevant information before it, in addition to the specific comments invited by 

8. In accordance with the provisions of Section 1.419 of the Commision’s 
Rules, an original and eleven copies of all statements, briefs, or comments shall 
be furnished to the Commission. Responses will be available for public 
inspection during regular business hours in the Commission's Public Reference 
Room at its headquarters, 1919 "M" Street, N.W., Washington, D.C. 20554. 

FEDERAL COMMUNICATIONS COMMISSION 

Vincent J. Mullins 
Secretary 

'This Notice was received too late for inclusion in the February, March and 
April issues. 



Tracking the HAMBURGLAR 


Request that interested people con¬ 
tact David M. Stoner K8LMB, 619 
Doepke Lane, Cincinnati OH 45231. 
Keep up the good work with 73 - I 

David M. Stoner 
Cincinnati OH 


KIDNAPPED: ICOM IC230 two 


December 9, 1975 in Cleveland, Ohio. 
Contact Ferd H. Nye, Jr. WA8NXT, 
31497 Hilliard Blvd., Westlake OH 


ROBBED: SB-144 two meter trans- 


HIJACKED: RF Comm. Inc. RF-403 
two meter transceiver, s/n unknown. 4 
Chan. 80 Watts approx 4"h x 12"w x 
12”d. Set up for MARS frequencies, 
34-94 and possibly other amateur 
frequencies. Color is black. Please 

WB0AWH, 12053 W. Virginia Ave., 
Lakewood CO 80223, phone: (303) 
986-3909. 


ciled on the set. The wires were cut 
and the set with microphone was 
removed. It was equipped with 34-94; 
94-94; 16-76; 22-82; and 52-52. It 

police frequency. Taken on January 
17, 1976. Please contact Dr. Shailer 
Peterson W5PJ/K4HL, 5511 Keystone 
Drive, San Antonio TX 78229, phone: 
(512) 684-0449. 


ABDUCTED: Heathkit HW 202 two 
meter transceiver, s/n 07429. Taken 
from auto of Dick Cullen WB0AGT. 
Mike has broken switch bar. "Stolen 
from WB0AGT SSN 410-66-8452" 
engraved on back. Has home brew 

mini box approx, same sizers HW202 
and is painted black. Has 2 RG-174 
interconnect cables. Xtals installed: 
37-97, 34-94, 28-88, 07-67 and 52-52. 
Please notify Dick Cullen WB0AGT, 
1515 Newcastle St., Colorado Springs 
CO 80907, phone: (303) 598-1849. 


LIFTED: HR-2 Regency two meter 
transceiver, s/n 04-02689. Xtals in¬ 
stalled: 34-94, 94-94, 16-76. Please 
notify Dick Sucher WA0ZLY, 3410 


N. Prospect St, Colorado Springs CO 
80907, phone: (303) 473-4186. 

LOOTED: Unimetric Co., Ultra Com 
25-12 chan, two meter FM trans¬ 
ceiver, s/n 080-114. Taken from car in 
Akron, Ohio on September 12, 1975, 
Contact Herman Freeder W8VQI, 944 
Jason Avenue, Akron OH 44314. 

RUSTLED: Heath HW-202 two meter 
transceiver. Crystals installed: 34/94, 
94/94, 07/67, 16/76, 88/88. Can be 
identified by wrong size wire on PC 
board, modulation is set HOT, so 

Please do not discuss this incident on 
any of the above frequencies. Stolen 
from Doc. A. L. Stigers, Golden CO 
80401, phone: (303) 237-3296. 



















The all new ETK {Electronic Touch 
KeyerS stores your instructions, then 
sends perfect code from memory cir¬ 
cuits ... 7 to 55 words per minute ... 
mode controls (tune, spacing off, auto) 
... speaker w/ level control ... dot- 
dash LED lights... all new clock circuits 
minimizing long first cycle ... 17 in¬ 
tegrated circuits. 

t for only 145.00 

Order direct from: 

rn P.O. Box 1125 
== Kent. Washington 98031 




















































15 reader service! PPOPS^stion 


Circle appropriate Reader Service # for desired 
company brochures, data sheets or catalogs and mail 
in to 73. Include your zip code, please. Send money 
directly to advertisers. LIMIT: 25requests. 
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be my guest 

visiting views from around the world 


“God Bless You All” 

In the hours following February's In the days since the earthquake, relaying reports and requests for assis- Station WB2JSM to 
earthquake in Guatemala, the only the amateur operators have turned tance. inquiries from anxiot 

news reaching the outside world of their attention to obtaining health and Another amateur, Joseph W. Miller, Metropolitan area 
the catastrophe emanated from a welfare inquiries from people in this Bloch's next door neighbor, has responses from fellov 

small group of amateur radio oper- and other countries worried over the handled over 200 messages since the mala and the Red 


imi 
































“Even the U.N. couldn't get them," 
Mr Reiley said, sitting at his bank of 
radio equipment with two other 
volunteers, Conrad Eiselen WB2FGB 
and Dan Algeri WA2MXI. “But we got 
through all right/* 


find out for the Cosgroves that their 
daughter was well and working in an 
emergency hospital in the Guatemalan 
town of San Lucas. 

Mr. Reiley said most of the nearly 
200 inquiries relayed from Flushing 
Meadow Park up to last night were 
from Guatemalan residents in this 


































A Representative Democratic Republic? 

Not long ago, the ARRL, through VHF/UHF oriented amateurs and all I feel that those affected bv decisions operation. Refer to Fig. 1; this is how 
QST, announced its interest in be- VHF/UHF operation in various of such an individual should have the it would be built. A city, state or 
coming involved in repeater coordina- modes. For example, it gives no ultimate decision as to just who such other geographic area interested in 
























































































































































































































































Robert Baker WA1SCX 
34 White Pine Drive 
Littleton MA 01460 

FOUNDATION TO 
AWARD SCHOLARSHIPS 
The Foundation for Amateur 
Radio, Inc., a non profit organization 
with its headquarters in Washington, 
D.C., announces its intent to award 
three scholarships for the academic 
year 1976-77. All amateurs, wherever 
resident in the U.S. and holding an 
FCC license of at least General class, 
can compete for one or more of the 
awards if they plan a full-time course 
of studies beyond high school. 

The John W. Gore Scholarship pays 
$750. Applicants must intend to 



residents of Ohio. Kentucky, Indiana, 
Illinois, the District of Columbia, 
Maryland, and Northern Virginia. 

The Edwin S. Van Deusen Scholar¬ 
ship pays $250. Applicants must have 
been accepted or enrolled in an 


SOWP BICENTENNIAL 
CW QSO PARTY 

The first weekend in June 1976 has 
been set aside by the Society of 
Wireless Pioneers (SOWP) for their 
Bicentennial CW QSO Party. The 


Amateur Association of Greece for 
contacting members after January 
1973 as follows: Class 3 - DX 
stations work I5SV RAAG members, 
EU stations work 50 SV RAAG mem- 
bars; Class 2 - DX stations work 30 



Delta QSO Party 

CD Party - Phone 

RSGB 21 28 MHz Contest - Phone 

RSGB 7 MHz Comest - CW 


with youth magazines being judged log details to CARC, VK4HM, P.O, 
higher. Bo* 1426, Cairns. 4870 OLD 

All entries must be submitted by AUSTRALIA. 

January 31. 1977 to: Ray Collins Awards will be forwarded in bulk 
WA2GBC, Harter Road, Morristown via bureaus unless the cost of postage 


























































opportunity to demonstrate superior 


■es, rather for unusual and MULTIPLIERS: 


lclude crossband band. NY stations may work other achievements, etc. 

SSB, and RTTY NY stations. Mobiles and portables ENTRIES- 

Dial commemora- changing county may be reworked by Send logs, comments, pictures, a 

arded to amateurs out of state stations. dotes, etc., to W8KAJ 2 

I 2-way contact EXCHANGE: 

icipating military RS(T), serial number starting at 001, 


accurately copy the Armed Forces 
Day message from the Secretary of 
Defense, as transmitted in both CW 
and RTTY during the receiving tests. 

The military stations WAR, NAM, 
NRG, and AIR will transmit on mili- 


















































Fig. 1. Basic timer circuit. The time delay is determined by the 
component values of R[ and Q and may be calculated from 
the equation: t(sec.) = 1.1 Rf (Ohms) x Q (farads). The timing 
diagram for this circuit is shown in Fig. 2. 


O ne of the auxiliary cir¬ 
cuits essential to the 
operation of a repeater is a 
COR, or carrier operated 
relay. To date, a number of 
COR circuits have been de¬ 
signed, utilizing a variety of 
active devices (tubes, tran¬ 
sistors, op amps, U)Ts, etc.) 
to provide a number of 
auxiliary repeater control 
functions. However, few of 
the previously presented de¬ 
signs have been truly com¬ 
plete. Some designs presented 
timing circuits and auxiliary 
repeater control circuits but 
avoided the rather sticky task 
of interfacing the logic cir¬ 
cuits with the high impedance 
circuitry of the still popular 
commercial tube-type FM re¬ 
ceiver. Other designs detailed 
elaborate circuitry for impe¬ 
dance matching to the re¬ 
ceiver, but ignored the 
auxiliary circuits necessary 
for the convenient, practical 
operation of a repeater. Still 


other designs employed 
timers and auxiliary circuits 
of dubious stability. 

The digital COR described 
in this article employs 
state of the art solid state 
devices, allowing simple and 
compact construction, as well 
as providing stable, reliable 
and convenient repeater 
operation. The input circuit is 
specifically designed to 
interface with commercial 
tube-type FM receivers. 

The versatility of the 
digital COR is best described 
by detailing the functions it 
was designed to perform: 

1) The most basic function 
of keying the repeater 
transmitter upon detection of 
a carrier on the repeater input 
frequency. 

2) A squelch tail timer — 
this timer provides a delay 
between the time the 
reception of carrier ceases 
and the time the repeater 



Fig. 2. Fig. 2(a) shows the timing diagram for the basic timer 
circuit of Fig. 1. Fig. 2(b) shows the timing diagram that 
would result if the reset terminal were tied to V+ rather than 
to the input terminal. 


transmitter drops out, a 
necessary feature for 
consistent copy of mobile 
stations in fringe areas. 

3) A three minute timer 
that will "lock out” the 
repeater transmitter should 
there be a continuous carrier 
of longer than a three minute 
duration detected by the 
repeater receiver. 

4) A means of resetting 
the three minute timer 
without letting the repeater 
transmitter drop out. Many 
of the previously designed 
CORs have provided for 
resetting of the three minute 
timer only upon dropout of 
the transmitter, necessitating 
an annoying squelch tail burst 
at the end of each 
transmission, and causing 
unnecessary wear and tear on 
the COR relay. In addition to 
providing a means for 
resetting the three minute 
timer a fraction of the way 
through the squelch tail time 
delay period, the digital COR 
also provides a means for an 
audible indication when this 


has been accomplished. A 
DPDT center-off switch has 
also been included with 
which two other modes of 
resetting the three minute 
timer may be selected. 

5) A means of keying or 
disabling the repeater 
transmitter via a remote 
contact or digital logic signal 
applied to the COR. This 
feature has been included to 
make the COR compatible 
with remote control devices, 
monitor receivers, code and 
voice identifiers, etc. 

Grcuit Building Blocks 

One of the basic building 
blocks of the digital COR is 
the NE555 timer 1C. Since 
this 1C has been described in 
numerous articles in past 
issues, only the most salient 
characteristics will be 
repeated here. The reader 
who desires additional 
information is urged to 
consult the references listed 
at the end of the article. 

Fig. 1 shows the external 
component connections of 


Super COR 


Mike Connor WAQBMP 
3611 North Shore Dr. 
Clear Lake IA 5042S 


Bob Henson VJBQJHS 
105 Nonhview Dr. 
Waukee 1A 50263 


--digital...of course! 



the basic timing circuit. The One final circuit building 
timing diagram for this block is necessary to build 
connection is shown in Fig. the digital COR. This is the 
2(a). With the reset terminal circuitry that provides a 
connected to the trigger digital “on” or "off’ signal to 
terminal, the timing cycle is the logic circuits depending 
initiated on the trailing edge on the presence or absence of 
of the input pulse. The a carrier on the repeater input 
output, pin 3, remains at a frequency. This is 
logic “1” voltage during the accomplished by the circuit 
timing cycle, the duration of shown in Fig. 6. 
which is determined by the Q1, an N-channel JFET, 
values of Rt and C[. provides impedance matching 

As depicted in the timing between the high impedance 
diagram of Fig. 2(b), the of the receiver and the 
timing cycle would begin on considerably lower 
the leading edge of the input impedance of the logic and 
pulse if the reset terminal timer circuits of the COR. Q2 
were connected to V+ rather and 03 comprise the analog 
than to the trigger terminal, to digital portion of the 
Fig. 3 shows how an NPN circuit, providing either a 
transistor can be added to the logic “1” or “0" voltage at 
basic circuit to provide an the collector of Q3 depending 
auxiliary reset feature. A upon the magnitude of the 
positive voltage applied to the analog signal at the drain of 
auxiliary reset input will Q1. 

cause Ct to remain A negative going voltage in 
discharged, and prevents the receiver during reception 
completion of the timing of carrier will cause a 
cycle. corresponding increase in the 

The timing diagram for drain voltage of Ql. The 
this circuit is shown in Fig. 4. magnitude of the drain 
Note that the output switches voltage sufficient to cause the 
to a logic “I" voltage at time collector of Q3 to switch 
(1), the trailing edge of the from a logic "1" to a logic 
input pulse. Fbwever, the "0" is determined by the 
timing cycle does not actually setting of the 5k Ohm 
commence until the auxiliary trimmer, 
reset input returns to a logic Note that the collector 
“0” at time (2). The output and emitter of Q2 are 
then returns to a logic “0" t reversed from the 

seconds later as determined conventional biasing 
by the values of Ct and Rt- arrangement in order to 
The other 1C employed in provide a sharper switching 
the digital COR circuitry is characteristic, 
the SN7400 quad NAND 

gate. For those not familiar Composite Circuit 
with logic circuitry, Fig. 5(a) Description 
shows the commonly used We can now proceed with 
symbol for the two input how the building blocks just 
NAND gate. Fig. 5(b) shows described can be utilized in 
the truth table that governs the design of the digital COR. 
its logic output. Fig. 7 shows the simplified 



Fig. 5. Fig. 5(a) shows the common logic symbol for a two 
input NA ND gate. Fig. 5(b) shows the truth table for the two 

input NAND gate. 



Fig. 3. The addition of an NPN transistor and resistor provides 
an auxiliary reset feature. The timing diagram for this circuit is 
shown in Fig. 4. 



Fig. 4. Timing diagram for Fig. 3. 


logic diagram of the omitted from this diagram, 

composite circuit. For the The timing diagram for a 

sake of clarity, some timing typical transmission cycle is 
components, bypass and depicted in Fig. 8. 
coupling capacitors, and Referring to Figs. 7 and 8, 
input circuitry have been the receiver detects a carrier 









Fig. 6. Input matching and analog to digital portion of the 
digital COR. Top voltages are voltages during carrier reception 
conditions. The bottom voltages are taken during quiescent 
conditions. All voltage measurements are taken with a high 
impedance voltmeter. 

on the input frequency at IC3, reinitializing its timing logic "0.” Pin 3 of IC1A is functions respectively. The 

time (1), driving the collector cycle. The output of ICS can driven to a logic "1.” The COR will respond the same to 

of Q3 to a logic "0" voltage, also be used to provide a tone resulting “0” at pin 6 of IC1B a logic “0” remote keying 

Remembering the truth table burst for audible indication forces pin 11 of 1C 1C to a signal on the cathode of Dl 

for a NAND gate shown in that the three minute timer logic “1." IC1D inverts this as it does to a local keying 

Fig. 5(b), the “0" on pin 5 of has been reset. input and the transmitter signal present on the collector 

IC1B drives pin 6 of 1C 1B to At this point in the drops out. of Q3. A “0" applied to the 

a logic “1." This removes the transmission cycle the QSO Note that if a carrier is cathode of D2 will prevent 

“0” from the reset terminal could continue, the intervals present continuously for any the transmitter from being 

of the three minute timer, between each of the length of time greater than keyed, regardless of the status 

IC3, allowing its output to go subsequent transmissions three minutes, or if during a of the timer outputs or the 

to logic “I," and initiating its needing only to be t4 seconds QSO of longer than three local or remote keying 

timing cycle. With both pins long (as determined by the minutes there is no interval of voltages. 

12 and 13 of 1C 1C at logic timing components of IC4) in t4 seconds or greater between The actual schematic is 

"I,” pin 11 is driven to a order to be assured that the adjacent transmissions, the presented in Fig. 9. Three 

logic “0.” Section IC1D of three minute timer is being three minute timer will time light emitting diodes 

the quad NAND gate simply reset. The transmitter need out. Pin 12 of IC1C would be have been included for visual 

inverts the output of section never drop out during this driven to logic "0." Pin 11 indication of circuit 

ICIC, providing a positive time. would then go to a logic "1,” operation. The green LED 

keying voltage to the At time (4) the and the transmitter would indicates that a carrier or 

transmitter keying relay or squelch tail timer, IC2, dropout. remote keying signal is being 

keying circuit. completes its timing cycle Dl and D2 provide the received. The red LED 

At time (2) the carrier and its output returns to a remote keying and shutoff indicates that the transmitter 

ceases, allowing the collector 
of Q3 to return to a logic “1 ” 
voltage. This removes the “0” 
from the reset terminals of 
both IC2 and IC4, allowing 
their timing cycles to 
commence. The outputs of 
both IC2 and IC4 are driven 
to the logic "1" state during 
their timing cycle. IC1A 
inverts the output of IC2, 
providing a logic "0” at pin 4 
of ICIB. Thus pin 6 remains 
at a logic “1” and the 
transmitter remains keyed. 

At time (3) timer IC4 
times out and its output 
switches to a logic ‘‘0,’’ 
keying timer ICS. The output 
of ICS is a brief positive pulse 
of sufficient duration to 
discharge the timing capacitor 
of the three minute timer, 



Fig. 8. Timing diagram for a typical transmission cycle, using 
the logic circuit shown in Fig. 7. 


Fig. 7. A simplified composite logic diagram of the digital COR. 






Fig. 9(a). Input and gating circuit for the digital COR. Encircled letters refer to connections to 
the time delay circuit of Fig. 9(b). 


is being keyed, and the 
yellow LED will flash for the 
brief intervals when ICS 
applies a reset pulse to the 
timing capacitor of the three 
minute timer, IC3. 

The mode of COR 
operation may be selected by 
the position of SW1, a DPDT, 
center-off, switch. In the 
center-off position, the three 
minute timer will not reset 
until the transmitter drops 
out. In position 1 (the 
position of the switch in Fig. 
9(b)), the three minute timer 
will reset the instant that the 
repeater receiver detects the 
absence of a carrier signal. In 


position 3, the three minute 
timer will be reset by a pulse 
from IC5, as described in the 
previous discussion of circuit 
operation. 

Construction 

The circuit board patterns 
for the digital COR are shown 
in Figs. 10 and 11. Due to the 
number of components in the 
circuit, a double sided circuit 
board was deemed a necessity 
to avoid the proliferation of 
wire jumpers that would have 
been required with a single 
sided board. The circuit 
board is designed to fit into a 
standard 1 S-pin PC board 


edge connector, though this 
could easily be modified for 
different connector 
arrangements. 

Construction should be 
straightforward if the 
components are mounted as 
shown in Fig. 11. Bearing in 
mind that the circuit board is 
double sided, the components 
that must be soldered to both 
sides of the board should be 
mounted first. The remainder 
of the components can be 
mounted in any order. 

There are no substitutes 
for the five ICs listed in the 
parts list. Fortunately, they 
are inexpensive, costing 


approximately five dollars for 
the lot. 

The experienced builder is, 
however, encouraged to 
substitute bargain priced 
transistors for the HEP 
transistors listed in the parts 
list. Though the HEP devices 
will work with absolutely no 
problem, a substantial savings 
can be realized with a 
trial and error substitution of 
less expensive semiconduc- 

The COR board should be 
mounted in a shielded 
enclosure. The connection of 
the repeater receiver to the 
input of the COR should be 
made with a shielded cable, 
since any rf or electrical noise 
introduced into the input 
circuit will result in erratic 
circuit operation. All other 
external wiring to the COR 
should be as short as possible, 
adequately bypassed at both 
ends, and shielded if the 
length is appreciable. 
Checkout and Calibration 

The calibration procedure 
is not at all difficult. A well 
regulated five volt power 
supply, a voltmeter, and a 
watch or clock wi th a second 
hand are essential. A 
calibrated signal generator 
would be convenient for the 
final adjustment but is not 
absolutely necessary. 

First connect the power 
supply to the appropriate 
terminals as indicated in Fig. 
11. The reception of carrier 
may be simulated by 
grounding the remote keying 
input with a jumper. With the 
aid of the watch or clock and 
the LED indicators, it is then 
possible to set the timing 
intervals of the four 1C 
timers. 

The final adjustment is 
that of the 5k Ohm trimmer 
in the input circuit. First, 
find a point in the receiver 
squelch circuit that switches 
from a slightly negative 
voltage during quiescent 
conditions to an even more 
negative voltage during the 
reception of carrier. In almost 
all of the tube-type 



Fig. 9(b). Timing circuit for the digital COR. Encircled letters refer to connections to the input 
and gating circuit of Fig. 9(a). 










Fig. JO. Com¬ 
ponent side of 
PC board. The 
holes in the four 
corners should 
he used for pat¬ 
tern alignment 
during PC board 
etching. 
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Fig. 11. Mounting diagram for the digital COR com¬ 
ponents. Note that this is a bottom view of the PC 
board. A wire pin must be soldered to both sides of the 
PC board at points marked "JU. " External connections 
to the LED indicators and the switch SWJ are also 
shown. 
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Fig. 12. Connection of the input of the digital COR to the 
squelch circuit of the repeater receiver. The circuit shown is a 
portion from a Motorola G-strip receiver. The connection 
point will be similar in other types of tube receivers. 




Fig. 13. Simple 5 volt regulated power supply. 


commercial FM receivers the 
grid of the first stage 
following the noise rectifier 
has this characteristic. A 
simplified sketch of the 
squelch circuit of a typical 
tube-type receiver and the 
correct point of connection 
to the COR are shown in Fig. 
12 . 

Once the shielded cable 
connection to the proper 
point in the receiver is made, 
determine if the squelch con¬ 
trol threshold setting has 
been significantly altered. If 
so, the 10 and 22 megohm 
resistors must be substituted 
with ones of higher resis¬ 
tance. Some experimentation 
may be required to find the 
correct resistance values to 
match a particular receiver. 

Next, inject a carrier signal 
into the receiver and adjust 
the 5k Ohm trimmer in the 
COR input circuit until the 
green LED lights at the 


desired level of receiver 
quieting. If consistent opera¬ 
tion of the input circuit 
cannot be obtained for any 
setting of the trimmer, the 
ratio of the two input resis¬ 
tors will have to be varied, 
remembering not to let their 
sum be less than the value 
that will leave the squelch 
threshold setting unaffected. 
The voltage at the gate of Q1 
compared with the typical 
gate voltage noted on Fig. 6 
should be used to determine 
which way the ratio must be 
altered. The value of the resis¬ 
tor between the gate and 
ground must be increased if 
the amplitude of the gate 
voltage is significantly less 
negative than -1.0 volts 
during carrier reception. Con¬ 
versely, this resistor must be 
decreased if the negative 
excursions of the gate voltage 
are significantly more nega¬ 
tive than -1.0 volts. 


If a signal generator is not 
available, the input adjust¬ 
ment may be made by vary¬ 
ing the squelch control to 
simulate carrier reception. 
Opening the squelch control 
until audio noise is heard 
roughly corresponds to the 
reception of carrier, thus 
causing the input circuit to 
switch "on” when the 5k 
Ohm trimmer has been 
suitably adjusted. 

In all cases of difficulty, 
the typical voltages given in 
Fig. 6 should be used to help 
diagnose the problem. 

This completes the settings 
and adjustments of the COR. 

Optional Grcuits 

As was previously men¬ 
tioned, the digital COR re¬ 
quires a well regulated five 
volt power supply. For those 
who don’t have a personal 
preference, the circuit of Fig. 
13 is suggested as the simplest 
and probably the cheapest 
available. 

The digital COR was 
originally designed to control 
a solid state switch that did 
the actual transmitter keying. 
For those who prefer to use a 
relay to switch on the trans¬ 
mitter, the circuit of Fig. 14 
is offered. The diode should 
be attached directly across 
the relay coil to prevent 
inductive transients from 
damaging the semiconduc¬ 
tors. 

Finally, Fig. 15 shows a 
simple tone burst circuit that 


can be used for an audible 
indication that the three 
minute timer has been reset. 

Conclusion 

The digital COR described 
in this article has been used 
successfully with both G.E. 
Progress Line receiver strips 
and Motorola Sensicon G- 
strip receivers. The COR is 
currently in use on the 
WR0AGZ repeater in Sioux 
City, Iowa. ■ 

References 

1 Signetics Linear Data Book, 
1972, page 177. 

3 Joseph M, Steim WAIOMS, "1C 
Repeater Logic System," 73, 
Sept. 1973, page 27. 

3 G. Allen W2FPP, R. Sobus 
K2QLE. "Repeater Control with 
Simple Timers," Ham Radio, 
Sept., 1972, page 46. 

4 Clifford Klinert WB6BIH, 
"Repeater Keying Line Control," 
73, Feb. 1973, page 60, 

Parts List 

Q1 - Radio Shack 276-112 

N-Channel JFET 

Q2 — HEP 52 

Q3, Q5 - HEP 726 

Q4, Q7.Q11 - HEP 719 

Q6, 08. Q9. Q10 - HEP 736 

D1-D5 - small signal germanium 

IC1 - SN7400 Quad NAND gate 
IC2-IC5 - NE555 Timer 1C 
LED1 - yellow light emitting 

LED2 - green light emitting 
diode 

LED3 — red light emitting diode 
All .01 uF caps are 25 volt disc 
ceramics 

All fixed resistors are 54 Watt, 
10% tol.. resistance as marked on 
schematic 

SW1 - DPDT, center-off switch 



Fig. 14. The addition of a transmitter keying relay to the 
digital COR. 



Fig. 15. A simple tone burst circuit that can be used with the 
digital COR. Q1 and Q2 can be any small-signal NPN 
transistors. 
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Touchtone Decoder 

- using a calculator readout 


Warren MacDowell W2AOO 
11080 Trans! Road 
East Amherst NY 14051 


W ith the advent of 2 
meter FM and asso¬ 
ciated repeater systems, the 
"touch tone” system has 
found wide acceptance for 
both repeater control and 
dialing up autopatches. 
Probably the greatest reason 
for the touch tone system is 
the readily available touch 
tone pad, which is “ready 
made" and quite accurate in 
tone generation. 

There are also a variety of 
touch tone decoding systems 
that have been devised. Most 
of these work well and 
generally control some major 
function of the repeater. 
When someone is dialing a 
function or placing a call with 
the autopatch system, I 
thought it would be nice to 
have a simple device that 
would read out the numbers 
dialed and retain them on a 
display until cleared 
manually. 


The idea finally struck me 
that an el cheapo calculator 
would serve perfectly in this 
application. Just about any 
calculator can be used, yet 
retain its calculating ability 
while not serving as a 
memory. If you will observe 
the normal operation of a 
calculator, it progressively re¬ 
tains the digits entered on the 
keyboard. When the clear key 
is depressed, it erases this 
entry of numbers. Therefore 
if we were to parallel switches 
with the calculator keyboard 
switches and activate these 
switches with a touch tone 
decoder, the calculator would 
display the decoded digits 
until the calculator display 
range was exceeded or the 
clear key was depressed. Of 
course a 12 digit calculator is 
most desirable due to the 
number of digits it can retain 
in one display. 

The first step is 
constructing a reliable tone 


decoder that is relatively 
insensitive to noise, etc. I 
have had very good results 
with the touch tone decoder 
described in the National 
Linear Integrated Circuit 
Handbook. This system uses 
the National LM567 which 
has high noise rejection, 
immunity to false signals and 

frequency. The 567 Phased 
Locked Loop decoder was 
quite expensive ($9.00 each) 
until they sprang up on the 
surplus market. Radio Shack 
stores are now selling them 
for $3.50 each, which is not 
too bad. Seven of the 567s 
are required for the decoder 
and 3 SN7402 quadruple 2 
input positive NOR gate ICs 
are used in the total decoder 
system. Fig. 1 illustrates the 
basic touch tone decoder. 
The complete decoder at 
present surplus prices can be 
constructed for about 
$30-$35.00. 


The output (pin 8) of the 
567 is normally "high” or at 
a potential of 5 volts. When a 
tone is decoded by the 567, 
the output goes low or nearly 
to ground potential. The 
desired frequency to be 
decoded is selected by the 
10k potentiometer attached 
to pin 6. All of the 567s 
decoding as a group activate 
the proper 7402 gate and the 
output pin of the 7402 goes 
from a low to high state. This 
lends itself well for driving an 
NPN transistor which may 
switch whatever you desire. 

If you want just an 
indicator lamp for each 
number that is decoded, an 
LED may be turned "on" by 
the NPN transistor with an 
appropriate current limiting 
resistor. I was fortunate 
enough to find a batch of 24 
volt, 350 Ohm relays with 
four single pole contacts on 
each relay. At 24 volts, they 
required about 10-15 
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Fig. 2. Tone decoder drivers. 



KEYBOARD CTI3-CT24. Znd SET OF RELAY CONTACTS 

"COMMON" CT29‘CT36* 3rd SET OF RELAY CONTACTS 

FIN NO IS CTST-CTda-dld. SET OF RELAY CONTACTS 

Fig. 3. Decoderlcalculator interconnections. 


1204 Hz 
1336 Hz 
1477 Hz 


Press These Touch Tone 
Pad Buttons Simultaneously 

(1.3) (1,2) 

(4. 5) (4. 6) 

(7,8) (7.9) 

C.O) (*.#) 

(1.4) (1,7) (1,*) 

(2.5) (2.8) (2,0) 

(3. 6) (3,9) (3, #) 

•e pressed to generate single alignment 


milliamperes for reliable 
closure of the relay. The 
2N3053 NPN silicon 
transistors drove these relays 
nicely. No doubt you will be 
able to find surplus telephone 
type or military relays that 
will meet these requirements. 
If you don’t go the surplus 
route, the relays may cost as 
much as $5.00 each. No 
doubt some of the surplus 
houses in 73 will be able to 
provide inexpensive relays. 
See Fig. 2 for the transistor 
relay driver system. 

Each 567 tone decoder can 
be “tuned” by either the use 
of an audio signal generator 
or a touch tone pad. The 
desired tone frequency is fed 
into the separate 567s while 
metering pin 8 (output) of 
that decoder. A fairly high 
level of audio should be fed 
in at first and the 10k pot 
should be varied until the 
output drops to zero. This 
will indicate that you have 
arrived at the decoding 
frequency. Keep reducing the 
audio level and varying the 
pot in small increments until 
you find the lowest level at 
which the 567 will detect. 
This will be the most selective 


and sensitive position for the 
567. This procedure should 
be continued throughout the 
remaining tone decoders. 

If you do not have access 
to an audio generator, a 
touch tone pad may be used 
for alignment. (See Fig. 4.) 
By depressing the proper 
pairs or combinations of 
numbers on the touch tone 
pad, you can create the 
specific frequencies needed 
for alignment (this may not 
work on some newer pads). 
Follow the same procedure as 
that used with the audio 
generator. Should you have 
access to a frequency 
counter, it might be wise to 
test your particular touch 
tone pad to make sure it is on 
frequency. It might be 
especially “prudent” to do 
this if the pad was given to 
you or if you purchased it at 
a special sale price. 

The first set of relay 
contacts on the 12 relays are 
used to activate LED 
readouts. The second set are 
in parallel with the calculator 
keyboard. The third and 
fourth sets are for anything 
you so desire. The main 
reason for using relays rather 


than solid state devices is to 
compensate for the wide 
variety of calculators on the 
market. Some of these 
employ a positive ground and 
others, a negative ground 
system. Relays may be wired 
to either system without need 
for a PNP or NPN type of 
solid state switching device. 
Check out your particular 
keyboard as it may require a 
common bus to all switches 
or individual leads to all 
switches. If in doubt, wire all 
of the keyboard switches 
separately to the relay 
contacts. Only keyboard 
switches 1 to 0 will have to 
be wired to the relays. * and 
# relays could be used to 
clear or add the calculator in 
some clever setup. 

Fig. 5 is the schematic and 
wiring system for the Western 
Electric touch tone pad. This 
is the configuration used for 
tuning up my decoder. The 
500k pot is adjusted for 
desired output. 


Fig. 6 is the regulated 5 
volt power supply for the 
basic tone decoder. The relay 
power supply depends on the 
particular voltage relay you 
are able to obtain on the 
surplus market. With relays, 
the power supply filtering 
and regulation need not be 
critical. A simple bridge 
rectifier and filter capacitor 
should be adequate for the 
relays. Remember, however, 
that the dc output will be at 
least 1.4 times the ac voltage 
rating af the transformer with 
the bridge/filter capacitor 
supply. 

This system provides an 
inexpensive touch tone 
memory that can be tailored 
to your requirements. The 
next time someone threatens 
to turn the repeater off 
through some "magic” com¬ 
bination of touch tone num¬ 
bers, your “el cheapo” calcu¬ 
lator will remember them. 
You take it from there — 
hi! ■ 




Fig. 6. Power supply. 
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Amateur TV Transmitter 


Video 

modulator 








Fig. 2. Performance curves (all vertical scales uncalibrated), (a) Linearity: top scale, video in; 
bottom scale, detected rf output; 10 usec/div horizontal; 3/4 Watts out (ave.). (b) Frequency 
response: top scale, video in; bottom scale, detected rf output; 10 usec/div; 3/4 Watts out 
(ave.); burst order (in MHz) - 0.5, 1.5, 2.0, 3.0, 3.58, 4.2. 


S maller than a box of 
spaghetti and costing 
about $55 to build, this 3/4 
Watt 3/4 meter ATV rig can 
simultaneously transmit AM 
video and FM audio on the 
video carrier. The unit is 
basically a VHF Engineering 
TX-432 transmitter, which is 
collector modulated using the 
HR-440 video modulator 
described in the Nov/Dec 75 
73 (pp. 42-43). Good 
linearity and excellent fre¬ 
quency response is achieved 
as shown in Fig. 2. Power 
drain is approximately 350 
mA at 12 to 14 V dc. 

Applications 

What can you do with a 
QRP AT V transmitter? 
Possible applications include: 

1. Operating as a primary 
station rig, it can provide 
snow-free pictures over a 5 
mile line-of-sight path 
between stations using 10 
dBd gain antennas and 2.5 dB 
noise figure preamps. Better 
performance can be expected 
in areas where inversion 
layers are prevalent, such as 
Southern California. 
Especially effective operation 
results when used in conjunc¬ 


tion with an ATV repeater. 
For example, W3API, located 
3 miles from the WR4AAG 
TV repeater in Alexandria, 
Va., can send snow-free 
pictures to W3IRL who is 45 
miles away in Baltimore. 

2. The rig can be used as 
an exciter for a 1 Watt in, 10 
Watt out linear amplifier such 
as the quasi-linear Motorola 
MHW-710 power module. 
(See Nov/Dec 75 73, p. 39, 
and Motorola MHW-710 data 
sheet #DS 5522 R2.) 

3. It can be mounted 


inside a portable TV camera 
to create a self-contained 
hand-held station. If placed in 
a large R/C model airplane or 
rocket, such a system could 
provide some spectacular 
pictures. 

4. It is ideal for general 
mobile applications (e.g., 
auto, aircraft) due to small 
size and power consumption. 

5. Low power consump¬ 
tion also lends itself to solar- 
powered operation suitable 
for remote unmanned usage 
such as hidden transmitter 
hunts. 

Modification Procedure 

1. Drill holes in PC board 
and chassis using Figs. 3, 4 
and 5 drill guides. 

2. Construct, tune up and 
test TX-432 transmitter strip 
per manufacturer’s instruc¬ 
tions. Be careful that capaci¬ 
tors soldered to L1-L6 do not 
touch the coil cans. If 
necessary, insulate the inside 
surface of the cans with tape. 

3. Locate coil L11. Un¬ 
solder the end connected to 
the +12 V dc line. Mount a 
miniature insulated terminal 
in the 3/32" hole provided by 
Step 1, above. Solder loose 
end of L11 to terminal (Fig. 
6). 

4. Mount all components 
to the video modulator PC 
board as described in the 
Nov/Dec 75 73, page 42, with 
the following exceptions: 

a) R2 will be 100 


Ohms. 

b) Do not clip off tabs 
of D40 and D41 transistors. 
Instead, bend tabs down as 
shown in Fig. 1. Bend tab of 
D41 down and back onto 
itself to prevent the tab from 
protruding beyond the edge 
of the PC board. 

5. Solder 6", #22 

stranded wires to ground, +, 
and OUT on the video modu¬ 
lator board. Twist ground and 
+ wires together. Solder 1" 
long wires to ground and IN 
at the other end of the board. 

6. Solder 2'A” length of 
RG-188 to the output of the 
transmitter board. The 
RG-188 shield length, 
soldered to ground of board, 
should be as short as possible. 

7. Using 3/16" standoffs, 
#4 screws, lockwashers and 
nuts, mount the transmitter 
and modulator boards to the 

8. Mount VID (video in) 
and OUT (rf output) BNCs to 
chassis. Also mount phono 
jack, feedthrough capacitor 
and two ground lugs using a 
#6 screw, lockwasher and 
nut. One lug is mounted 
inside the case; the other, 
outside. 

9. Solder shield and 
center conductor of the 
RG-188 from the transmitter 
strip to the OUT BNC. The 
shield should be soldered 
directly to the threads of the 
connector and should be as 
short as possible. 



Fig. 3. TX-432 PC board drill guide. AH dimensions in inches. 
Foil side down; component side up. 


Fig. 4. TX-432 chassis drill guide. All dimensions in inches. AH 
measurements from outside edge of chassis. Chassis is LMB 
£850. Guide not drawn to scale. 
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10. Solder a #22 insulated 
wire from the feedthrough 
capacitor to the +12 V dc line 
on the transmitter board. 
Solder the ground lug on the 
chassis to ground on the 
board. Solder wires from the 
phono jack fo mike input and 
ground on the board. 

11. Solder 1" input and 
ground wires from the video 
modulator board to the VID 
BNC. Solder twisted + and 
ground wires from the same 
board directly to the feed¬ 
through cap and ground lug 
on the chassis, respectively. 
Solder the wire from OUT on 
the video modulator to the 
insulated terminal (one end 


Fig. 5. TX-432 chassis cover drill guide. All dimensions in 
inches. All measurements from outside edge of chassis. Chassis 




of L11) on the transmitter (Tuneup) 

board. 13. Connect the output of 

12. Apply stick-on letter- the rig to a wattmeter with a 
ing to the case as shown in dummy load or through-line 


Figs. 1,4 and 5. 


wattmeter with ; 


Parts List 









Unit 

Total 


Part # 

Description 

Qty 

Cost 

Cost 

Source of Supply 

1 

8-1/2 x 2-1/8 X 1-5/8 Chassis; LMB #850 

1 


2.50 

Electronic Supply 

2 

UG-1094 BNC Bulkhead Connector 

2 

.85 

1.70 

Electronic Supply 

3 

Phono Jack Bulkhead Connector 17274-346 



.37 

Radio Shack 

4 

.001 uF feedthrough cap; Erie 327-005- 






X5UO-102M 



1.62 

Electronic Supply 

5 

Subminiature 2-56 insulated terminal 






Cambion #601-1531 (15 per package @ 






S2.00) 



.17 

Electronic Supply 

6 

2-56 nut and lockwasher for standoff 




Hardware Store 

7 

1/2" 4-40 screws, lockwashers and nuts 

5 ea 



Hardware Store 

8 

3/16" long #4 spacer (2 nuts may be used 






for spacer 1 

5 ea 



Hardware Store 

9 

1/2" 6-32 screw, lockwasher, washer & nut 




Hardware Store 

10 

#6 hole terminal lug (ground lugj 

2 



Hardware Store 


#22 stranded wire 

36' 



Electronic Supply 

12 

Stick-on lettering kit 




Stationery Store 

13 

Video modulator PC board; etched, cut 



3.00 

Stu Mitchell WA0DYJ 


and drilled with RG-188 cable 




14761 Dodson 






Woodbridge VA 22193 


Video modulator board parts: 






1N4001 Diode 



.20 

James Electronics 

R1 

100 Ohm pot, #43P101 Specvol 



1.35 

P.O. Box 822 

R2 

100 Ohm, 1/4 Watt. 10% 



.05 

Belmont CA 94002 

R3 

5k Ohm pot. #43P502 Spectrol 



1.35 

(415) 592-8097 

R4 

1.0k Ohm, 1/4 Watt, 10% 



.05 

Add 5% for postage 

R5 

82 Ohm, 1/4 Watt. 10% 



.05 

S5.00 min order 

R6 

4.7k Ohm, 1/4 Watt. 10% 



.05 


R7 

10k Ohm, 1/4 Watt, 10% 



.05 


Cl. 2 

100 uF, 16 V dc Radial 

2 

.19 

.38 


Q1, 2 

2N2222A 


.20 

.40 


Q3 

D40D7 (GE) 



2.35 

Spectronics 

Q4 

D41D7 (GE) 




1009 Garfield St. 





Ppd 

Oak Park 1L 60304 

TX-432 Transmitter kit is available from VHF Engir 

teering f, 

Dr $39.95 (PO Box 1921-7, Binghamton NY 

13902). 






Required Tuneup Tools 





1.0.075 

plastic hex alignment tool (GC 3«304; S0.55) 





2. Pheno 

ic screwdriver 





1. A 0.5 Amp regulated 12 to 14 volt power source is rei 

guired 




2. The crystal is a commercial standard, 20 pF in an 

HC-25 package. 


is desired rf frequency 

divided by 24. 

J_ 






Turn ‘'L" (level) control on 
video modulator fully clock¬ 
wise and “C" (contrast) con¬ 
trol fully counterclockwise. 
Connect a 12-14 V dc, Zi A 
regulated power supply to the 
+ and GND terminals. 
Connect a composite 1 V P-P 
video signal to the VID con¬ 
nector. Monitor the rf output 
on a converted TV receiver. 

14. Adjust C24, 25, 26 
and 27 on the transmitter for 
maximum power output. 
Approximately 1 Watt should 
be obtainable. Alternately 
turn *‘L” counterclockwise 
and “C” clockwise for best 
picture on the TV receiver. 
You may have to readjust 
C24-27. Do not set the con¬ 
trast too high or else sync 
buzzing will occur on the 
audio channel. (As described 
in the Nov/Dec 75 73, p. 40, 
a separate FM receiver is 
required to demodulate the 
audio.) During this tuneup 
procedure you will note that 
the “C" control affects only 
contrast while the “L” con¬ 
trol will affect both output 
level and contrast. In general, 
the higher the output level, 
the lower the contrast. A 
good picture at 3/4 Watt will 
be possible. 
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Amateur TV 
Receiving System 

- some of what you wanted to know 


B ecause of practical and 
regulatory considera¬ 
tions, amateur television 
(ATV) transmitted power 
levels must be considerably 
lower than those radiated by 
commercial broadcast 
stations. To attain reasonably 
long operating ranges, the 
ATV receiver must compen¬ 
sate for what the transmitter 
cannot do. Thus, it must 
exhibit a considerably greater 
sensitivity than that required 
for broadcast reception. 

An increase of only 3 dB 
in receiver sensitivity can 
make a noticeable improve¬ 
ment in picture quality. It is 
therefore important to 
squeeze every last dB out of a 
receiver system — and getting 
those extra dB at 440 MHz 
is far more difficult than on 
the lower frequency bands. 
Nevertheless, through proper 
component selection, a high 
performance and reasonably 
priced receiver is a reality. 

Throughout the past two 
years, the Metrovision Ama¬ 
teur Television Club of 
Greater Washington D.C. has 
been examining numerous 
components and configura¬ 
tions in an effort to engineer 
an ATV receiving system with 
the following characteristics: 

1. Excellent sensitivity. 

2. Reasonably low cost. 

3. As many off-the-shelf 
and readily available 
components as possible. 


These design goals were 
established at the outset with 
one overall consideration in 
mind — that is, to make it as 
easy as possible for people to 
receive ATV. 

Based upon these goals 
and after considerable testing, 
such a system has been 
developed and has proven to 
be successful. Fig. 1 shows 
the configuration and Table 1 
lists recommended com¬ 
ponents, costs and sources of 
supply. Specific brands are 
stated in lieu of providing 
only generic names. This is 
necessary since performance 
varies greatly from product to 
product. For example, a 
Radio Shack UHF-to-VHF 
converter, which performs 
well for commercial broad¬ 
cast reception, is a bummer 
for ATV work. It should be 
emphasized that the Metro¬ 
vision ATV Club is a non¬ 
profit group and has no 
financial ties to any of the 
companies mentioned. The 
recommendations are totally 
objective and based upon 2 
years of comprehensive on- 
the-air tests. Furthermore, 
the equipment recommenda¬ 
tions pertain only to optimal 
reception of wideband TV 
signals in the 3/4 meter band 
and may not necessarily be 
the components desired for 
receiving other signals such as 
narrowband FM or moon- 
bounce. 


In addition to providing a 
picture, this configuration 
will allow audio to be heard 
on the TV receiver only when 
the receive signal employs 4.5 
MHz subcarrier audio (FM 
audio located 4.5 MHz above 
the video carrier). Inciden¬ 
tally, this is the output 
formal used by an ATV re¬ 
peater. When operating 
simplex and receiving a signal 
using an audio-on-the-video 
carrier format, a separate FM 
receiver must be used to pick 
up the audio. Low cost 
receivers for this purpose 
include the VHF Engineering 
RX432C kit ($79.95) or 
surplus Motorola UHF Pocket 
Pager (under $40). The 
antenna of these receivers 
could be a short piece of wire 
wrapped around the preamp 
output cable to provide signal 
coupling from the large 
antenna. 

Keep in mind that your 
investment in good trans¬ 
mission line and an antenna is 



doubly worthwhile since 
these components will also be 
used when you’re ready to 
transmit ATV. Try to get 
your antenna up as high as 
possible and away from 
nearby obstructions including 
trees. When conditions are 
right, don’t be surprised if 
you get some good ATV 
DX! 

ADDENDUM 
Blond er-Tongue 
UHF-to-VHF 
Converter Modification 
A modified commercial 
UHF-to-VHF converter con¬ 
nected to the antenna 
terminals of a standard home 
TV tuned to an unused 
channel between 2 and 6 is 
the simplest and most effec¬ 
tive means for receiving a fast 
scan amateur video signal. 
The lowest frequency nor¬ 
mally tuned by a converter is 
about 460 MHz; therefore, 
modification is required to 
enable the converter to tune 



Fig. 1. Recommended A TV Receive Configuration. 
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Description 


1975 Cost (Subject to change) 


Source of Supply 


KLM 420-470-14, 5 feet, 4 lbs, 13.7 dB iso gain 
KLM 420-450-27, 10 feet, 7.5 lbs, 16.7 dB iso gain 
With either antenna, use balun: KLM 1:1 Baiun 
Notes: 1. Use correct antenna polarization 

2. Mount antenna high enough to clear 
nearby obstructions including trees. 

3. 2 antennas may be stacked together 
for additional 3 dB gain. 

II. Transmission Line 

FX 12-50H, 50 Ohm, % inch outer conductor, 
insulated, min. bending radius = 5", approx. 

1.9 dB loss per 100 feet at 440 MHz. 

Connectors for above cable 

a. N female, #20-654 

b. N male, #22-654 

c. UHF female, #66 654 

d. UHF male, #68-654 


FXCC12-50H same as above but corrugated 


and easier to work with. 

Connectors for above cable 

a. N female, #20-500 

b. N male. #22-500 

c. UHF female, #66-500 

d. UHF male, #68-500 

Note: RG-8 cable can be used for runs up to 
50 feet. Measured loss 3 3 dB/50 feet 
(2 dB worse than hardline). 


$21.95 + postage 
$39.95 + postage 
$13.95 + postage 


S . 68/foot 


$ 6.50 
$ 8.50 
$ 6.50 
$ 5.50 


$ ,90/foot 


$ 8.25 
$ 8.25 
$ 8.50 
$ 7.00 


17025 Laurel Rd, 
Morgan Hill CA 95037 

(408) 779-7363 


Phelps-Dodge Corp. 
Route 79 

Marlboro NJ 07746 
(201)462-1880 


down into the 420-450 MHz 
amateur band. 

Considering sensitivity, 
stability, and cost, the best 
converters for amateur use 


are the Blonder-Tongue 
BTX-111, 999 and 666. All 
of these units can be modi¬ 
fied using the same procedure 
as follows (see Fig. 2): 


1. Remove six screws from 
back and pull off channel 
knob from front. 

2. Spreading out top and 
bottom of plastic case, 


push out chassis by apply¬ 
ing pressure through rear 
rectangular opening. 

3. Locate Cl on top of 
chassis (see Fig. 3). Gently 
turn clockwise as far as it 
will go. You have now 
changed the tunable fre¬ 
quency of the unit down 
into the amateur band. 

4. From underside of the 
chassis locate LI (see Fig. 
4). It is a semicircular strip 
of metal located in the 
center of three sections 
along the main tuning con¬ 
trol axis. Locate the point 
where LI connects to L2. 
(L2 is two short parallel 
wires running between the 
center and rear sections.) 
Solder a 2-8 pF subminia¬ 
ture variable capacitor 
(e.g., Erie ceramic) in elec¬ 
trical parallel with LI - 
one lead of the cap con¬ 
nected to the L1-L2 junc¬ 
tion point and the other 



Fig. 2. BTX-999 Schematic. BTX-111 and 666are simitar. 






lead to ground (wall 6. Place the chassis back in 

between center and rear the case along with the six 

sections). Position the screws in the rear and the 

capacitor to permit easy knob in the front, 

access for adjustment. 7. Connect the antenna 

5. Drill 'A ” hole in the transmission line (from the 

bottom of plastic case to T/R relay or preamp) to 

allow access to the capaci- the UHF ANT terminals of 

tor after the unit has been the converter. Connect 300 

“buttoned up." Ohm twinline between the 


converter’s TV set and 6. Place converter 

terminals and the VHF front panel switch in UHF 

antenna terminals of your position. In general, the 

TV receiver. Connect your amateur band will be 

existing commercial broad- found between channel 

cast antenna to the VHF positions 14 and 20. Using 

ANT terminals on the con- a non-metallic screwdriver, 

verier. adjust the capacitor for 

8. Tune your TV set to an best picture. It need only 

unused channel between 3 be adjusted once. * 



Fig. 3. 


Fig. 4. 







Ivy HU! Road 
Walden NY 12586 


Glass Arm 

- the dreaded CW man’s disease 


T his is the age of the 
Natterer. SSB, FM via 
repeater, Teletype, slow scan. 
And a little bit of Hand Mod¬ 
ulation, mostly confined to 
Novices and old men. 

Nearly all the old men use 
an electronic keyer of some 
sort, usually a very complex 
sort. A very few use the 
mechanical Vibroplex. None 
use a hand key, so far as I 
know. Only Novices use 
them, and in most cases, 
pretty badly. This is a pity, 
for the fluent use of a hand 
key is less a skill than a 
knack. In any case, the art 
has long since been lost. 

There are any number of 
books that tell you how to 
hold and operate a hand key. 
Every book on learning code 
does, whether it's the Army 
Training Manual or those pro¬ 
duced by various magazine 
and book publishers. They 
tell you everything but how 
to send, as long as you like, 
without acquiring Tele¬ 
grapher’s Paralysis, or ‘‘Glass 
Arm." Either they never 
heard of it, or think it wiser 
to leave the question alone. 
While very few of us use keys 
much, it is nevertheless a very 
useful and important skill. 

The QRPP boys climb 
mountains with their two 
pound CW transceivers - 


besides VFO-buffer, FET, 
four transistors and an 1C, the 
thing has to have a solid state 
keyer which is even more 
complex than the unit it 
serves. How nice if a small 
mechanical key — homemade 
- were mounted on the clip¬ 
board used for copying. Or 
even one of those Japanese 
dollar keys that have been 
kicking around for the last 
twenty years. Compared with 
the "good” solid brass tele¬ 
graph keys, they never induce 
a "Glass Arm” - while the 
"good" ones will. So, the 
Japanese ones not only save 
money, weight, battery 
power and bulk, but they also 
save arms and improve 
sending, too. 

It helps in your FCC 
examination if you can send 
properly. Only one in ten, or 
so, fail because of sending, 
but even that is too much. 
The straight keys are 
mounted on each desk where 
candidates sit. They are 
easily adjustable, and are 
usually left in some weird 
setting, such as with a half 
inch contact spacing. 

The receiving exam 
eliminates many of the appli¬ 
cants, so that the examiner 
has only a few to watch, as he 
prepares to listen to each one. 
As each hopeful adjusts the 


key to his liking, the 
examiner makes bets with 
himself about who will fail 
and who will pass. He gives 
each applicant a paragraph 
out of a manual to send. 

It is easy to tell if you 
passed. The examiner does 
not congratulate you and 
shake your hand; he listens to 
your four or five Vs and the 
first two or three words, and 
says, “That’s enough." You’d 
like to finish the paragraph 
but he won't let you. From 
the first two or three words 
he knows that you could send 
for fifteen minutes without a 
mistake if allowed. He knows 
telegraphers; he's one himself. 
If he lets you send two 
sentences, you may scrape 
by. Half a paragraph only if 
he thinks he can find therein 
some excuse to pass you. 

Receiving, of course, is an 
entirely different matter, 
requiring different skills. It is 
very definitely harder, as any 
ham knows. 

In sending, there are two 
schools of thought about the 
management of elbows: on 
the table and off the table. If 
you embrace both, the key 
must be mounted on a board 
with a non-skid surface, so 
that it may easily be moved 
as required. 

A hand key requires com¬ 


plete control. The hand must 
be easy and relaxed, but still 
in full control of everything 
the key-lever does. Do not 
depend on the return-spring; 
its function is to keep the key 
open when idle. 

For your first practice 
session (of course you have to 
practice, but not for long) the 
key return-spring should be 
removed entirely. Put the 
spring in a glass jar so it 
doesn’t get lost. 

Now, in order to send, you 
have to "pump" the key- 
button up and down, holding 
it between forefinger and 
thumb. It is just as important 
to lift up as to press down. 

A very good exercise is a 
long, slow series of dots. It is 
even better to time this by 
saying aloud: “Dot, uh, dot, 
uh, dot, uh," making the 
mark (dot) and space (uh) as 
nearly the same length as you 
can. When you get into the 
rhythm of it, it’s easy. But 
don’t speed up. 

Silly as it sounds, this 
exercise will do a lot for you. 
Do it only until you begin to 
get tired of it, then quit, put 
the spring back in and send 
normally for a while. Don’t 
push it. Next day, the same. 
When the dotting gets easy, 
then you don't need it any 
more and can forget it. 

You will discover some- 
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Of course, you can sub¬ 
stitute French or Japanese or 
whatever, and in any case you 
don’t have to practice this 
long. You need the practice 
only so long as it isn't easy. 
When it is, you have grad¬ 
uated. Don't make work out 
of it — do it for fun, and see 
how fast your sending 
improves. 

I have emphasized slow 
sending - slow and even, 
with dots and unit spaces of 
like weight — because this 
prevents a jittery, choppy 
style which is hard to read 
and murder on the fist. It 
sounds a little heavy, but 
your dots never “drop out.” 
And when you take your 
exam you will find that the 
black, cast iron Beast from 
Hell with the oil cup on top 
of it (which the examiner 
won't let you look at) is 


adjusted to send perfect code 
- not that stuff on tapes and 
records, and even on the air. 

A very good check is to 
watch your plate milliam- 
meter — you do have one, 
don't you? — or, for practice, 
send into your ohmmeter. 
Dotting should read exactly 
half the key-closed value, if 
you dot at reasonable speed. 
In the old days, telegraphers 
used to adjust their bugs this 
way, using line current as a 

If, in spite of everything 
(and I won’t believe this) you 
still jitter and suffer from 
nerves when you send, a good 
stunt is to weight your key. 
Now you know what the 
photograph is about! I used a 
can of meat because metallic 
lead is poisonous, hard to 
handle, and more expensive 


thing: You won’t like the 
spring as stiff and heavy as 
you did before. Not really 
light, but not heavy at all. 

One precaution: Don’t let 
the family or friends hear you 
going "Dot, uh, dot, uh,” 
because they’ll think you're 
going dotty. 

Only you can tell how 
much it has helped your 
sending. It will be less 
“choppy" and “itchy” than 
before. And you will develop 
a sense of timing that helps, 
not only with hand-sending, 
but also with many keyers. 
You won't need any “self- 
completing” feature, because 
you will be the boss of the 
keyer, not its victim. I have 
seen a keyer shake a man like 
a dog shakes a rabbit - a 
nervous phenomenon we’ll 
come back to later. Learn to 
send even dots. It takes less 


than half an hour, spread over 
the week, and your sending — 
even on a printer keyboard 
will improve. And be easier 
and more fun. 

After dotting, dashing is 
even easier. Again you time it 
with words or syllables: “Da 
da dash uh dot uh dot uh dot 
ha ha ha da da dash uh da da 
dash uh da da dash ha ha ha 
da da dash uh dot uh da da 
dash uh da da dash." Boy! - 
what a way to write it! The 
da-da-dash is all mark, key 
down, of course. It times the 
dash as equal to three dots 
run together, as it should. 
The “uh” is the unit space as 

Now, we need a word 
space. “Uh uh uh” sounds 
like admonishing the cat, so I 
have substituted the friendlier 
“ha ha ha" as a three-unit 



than the choicest cuts of 
meat. Any pound weight will 
do. A pint of milk, a pound 
of meat — anything. And it 
won't be wasted - fasten it 
on the key temporarily, 
practice a while, letting it 
slow and steady you down, 
and then eat whatever it is for 
lunch. I did, yesterday. 

The British have under¬ 
stood heavy keys for a long 
time, while we laughed at 
them. We could send twice as 
fast with our light telegraph 
keys, while they used a key 
you gripped with a fist and — 
it seemed — pumped water 
with. We laughed, but did 
you ever see a Limey Sparks 
with a glass arm? 

Again, try to prevent your 
friends from seeing the 
weighted key, but if they do, 
shrug and laugh along with 
them. Which of you is 
learning the most, and who is 
laughing when he could be 
learning? You’re earning your 
opinions. Let them have their 
fun. 

So far I haven't mentioned 
the “tapping” technique. 
There was once a popular 
radio organization of “A-1” 
guys called "I Tappa Key." 
Do you know who taps keys? 
Old telegraphers with glass 
arms and their imitators, 
that's who. 

It seems stilted and preten¬ 
tious (and inflexible!) to sit 
down with your feet flat on 
the floor and send with a 
hand key, using the edge-grip. 
This is very much like the 
Palmer Penmanship Method 
which we Faithful Old 
Fellows learned generations 
ago. And this is no accident. 
If you write a lot by hand, 
you either use it, or your 
hand cramps and you wind 
up writing an illegible scrawl. 

Besides, editors demand 
typewritten material, and for 
good reason. 

While I write like a doctor, 
I can send with a hand key as 
long as I want to - with very 
few errors. And with a Bug, 
and with any solid state 
keyer. 
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I had a buddy once, who 
got himself a glass arm. Fie 
could not send even one word 
with his right hand, so he 
switched over and relearned 
to telegraph with his left. It 
was just a matter of time 
before the left went too, but 
he got himself promoted and 
didn’t have to telegraph any 
more. So there is a remedy, 
but avoidance is the best 
policy. 

And this is easy. The 
secret is in the key adjust¬ 
ment — you loosen the 
“trunnions," or the tightness 
of the needle-and-cone bear¬ 
ings on each side of the key, 
until you can shake the key 
lever from side to side. There 
must be as much side-play in 
the lever as there is up-and- 
down motion between the 
key contacts. That’s all there 
is to it. 

You won’t believe this. 
That’s all right; I didn't 
believe it either, until I 
proved it through experi- 
menL The dollar key I men¬ 
tioned earlier has no side 
adjustment. Either it has 
cylindrical ears that poke 
through holes in the U-shaped 
mounting bracket, or it has 
conical ears which should be 
ground into cylinders. Never 
mind the sloppy feel; your 
arm is more important than 
anyone's opinion. You need 
that slop, whatever key you 

Probably you have a good 
solid brass key with side 
adjustments. Well then, 
unscrew the side screws and 
lock them at the point that 
you can move the lever side¬ 
ways the same amount that 
you pump it up and down. It 
will feel “funny,” but send a 
few minutes - at least a 
paragraph. If you can keep 
going, do so. 

Now adjust the key up 
snug. Not to binding, or with 
noticeable friction; just 
barely enough to prevent 
side-motion. Now send, and 
see how your arm feels. Does 
it begin to tighten up, and do 
you begin to make errors? 


Loosen the key. You may 
need a couple of sessions to 
convince you, if you are on 
the stubborn side, so there is 
no need to risk your arm 
while you decide. But the 
arm, and how it feels, tells 
the story. Stubborn or no, I 
know how that key adjust¬ 
ment will wind up! You will 
never send with a tight key 
again! 

So much for the practice, 
now for the theory: Our 
grandparents used to explain 
any number of things as being 
the result of "nerves." The 
trouble with one word ex¬ 
planations is that they don’t 
lay it out for you. In this 
case, though telegraphers and 
doctors alike knew perfectly 
well that Telegrapher's 
Paralysis was a nervous con¬ 
dition, only the more 
observing saw any connection 
between a tight key and a 
glass arm. And even they 
hadn't the least notion how 
such a connection might 
work. 

The first clue came from 
the work of H. S. Black, of 
the Bell Telephone Labs, who 
invented negative feedback 
amplifiers in the thirties. To 
him the invention meant 
stable telephone repeaters, 
and high fidelity at less cost. 
But to physiologists, experi¬ 
mental psychologists, and 
other researchers into the 
living body and its operation, 
it offered an explanation that 
had been lacking before. 
When you put your hand out 
to touch something, how did 
the hand stop where you 
wanted it to? Feedback, by 
various paths, was a concept 
that fitted all the observed 
facts. It simplified explana¬ 
tions; it predicted results. The 
idea that something caused 
by the original action that 
opposed and controlled it was 
new and exciting. 

I have two pocket calcula¬ 
tors. One has a keyboard that 
clicks under finger pressure, 
like a typewriter key. The 
other keyboard has keys of 


the conductive plastic foam 
type. And be it ever so 
bounceless, I don’t like it, 
because it feels just like 
stepping in a cow-clap. It is 
just mushy; the other key¬ 
board lets my fingers know 
when to stop pressing, with a 
click that is felt as a vibra¬ 
tion. Expecting this, 1 
actually cracked the circuit 
board on which the mushy 
keys were mounted, trying to 
make them react as expected. 

I had to cement another 
board onto it to prevent 
breaking the printed connec¬ 
tions. 

Also, I worked for a time 
at a broadcasting station as a 
transmitter operator. The on- 
off buttons controlling the 
circuit breaker for the high 
voltage were of the industrial 
type. They were spring- 
loaded and all that, but had 
absolutely no follow at all. 
Everybody hated them - you 
couldn’t tell anything by feel. 
They gave a disconcerting 
impression of anticipating 
you, as if they operated while 
you were only thinking about 
pushing them. 

Ask any target shooter 
what a bad trigger pull will do 
to his scores. 

The fact is that most of us 
are confused and uneasy 
when something doesn’t “feel 
right.” This applies to tele¬ 
graph keys, too. The rigidity 
of the side-adjustment, the 
absence of side-play, dulls 
and reduces the feedback that 
monitors what flows out of 
our brain, down the arm to 
the fingers, and into the key. 
This is my theory. No one 
else has ever said that this is 
true, so far as I can find out 
- and I’ve tried! — if only 
because telegrapher’s 
paralysis is as dead as its 
victims, for the most part. It 
is one of the rarest of 
diseases, so far as telegraphing 
goes, but it has other mani¬ 
festations, and should, by all 
means, be understood. 

We have to have feedback, 
lest the nerves rebel through 
confusion. I have seen a man 




standing, back arched, face 
contorted, arm stiff, trying to 
telegraph by tapping. I didn’t 
laugh. Telegraphing was part 
of his job, and for him it was 
torture. Of course, he could 
send like a streak with a bug. 
If you check the old ads, you 
will see that they claimed 
“ease” and “speed” as selling 
points. But bugs were and are 
very expensive - aside from a 
few broker operators, most 
sales were to telegraphers 
who had glass arms. They 
were as helpless without their 
bugs as a present day gram¬ 
mar school student without 
his pocket calculator. 

Lyall Watson, in his book 
Super Nature, has some 
interesting things to say. He 
tells of experiments in 1946 
in which Grey Walter and his 
colleagues used flashing lights 
during brain wave tests and 
their patients went into con¬ 
vulsions. Other workers have 
had similar results when the 
rate of flashing coincided 
with certain brain wave 
patterns. The most consistent 
seizures occurred when the 
brain waves themselves were 
made to trigger the light, 
something like a buzzer or 
multivibrator action. Under 
this arrangement, half of the 
patients had spasms. And 
they had no history of 
epilepsy! Watson also men¬ 
tions a bicyclist who blacked 
out while riding down a lane 
with trees along its sides. 
When the sun was low 
enough, the flickering pro¬ 
duced by riding past the line 
of trees was enough to cause 
blackout — not just once but 
several times. How many 
mysterious automobile acci¬ 
dents, do you suppose, are 
caused by something like 
this? 

In 1927 I went to work 
for AT&T. I knew a little 
International Morse, not 
much, and I discovered that 
Morse was quite a lot 
different. It was faster, too, 
once you learned to read 
spaces between clicks instead 
of tone pulses. 


There was a full telegraph 
department with a few 
printer circuits, but mostly 
hand-operated Morse. In the 
test room, where I worked, 
there were at least a dozen 
"test wires.” These were 
simple Morse circuits with a 
sounder mounted high, well 
above the jack-fields, next to 
the carvings of “Nekkid 
Wimmen" which were 
standard decoration in those 
days. Now we got plastic 
strips. Down on the keyshelf 
in a clutter of switch-keys 
and cord-circuits and such, 
dwelt the telegraph keys. The 
clutter was not conducive to 
good sending, but we had 
men who could do it. For one 
thing, telephony was just 
something added to their 
Morse experience. They were 
operators; that is how they 
got their jobs. They learned 
how to operate a Wheatstone 
Bridge, and gain a repeater, 
and that was about it. The 
test wires were used for com¬ 
munication between offices. 

In those days, a telephone 
route between cities was 
I ikely to have just one 
standard 40 wire line. Open 
wire, not cable. That meant 
20 side circuits, ten 
phantoms, thirty phone 
circuits in all. The side 
circuits were all composited 
(a composite set was a low 
pass filter) and a telegraph 
wire — nearly always half¬ 
duplex — could be connected 
to each wire, giving forty 
telegraph wires, two way. 
That is where the name "and 
Telegraph" comes from. 
These did not carry public 
messages, by agreement with 
Western Union; they were all 
either leased wires, or test 

You had to be conscious 
of your own office call; when 
you heard it, you interrupted 
the circuit to “break” the 
distant operator. When you 
heard the wire close, you said 
“I” and listened to his first 
words. Invariably he wanted 
something simple, and, while 
he was telling you, you 


walked away and did the job, 
listening all the while. Then 
you came back a few seconds 
later and said OK. The most 
convenient system you ever 
saw; it took a lot of effort 
and determination for the 
High Brass to kill it. We liked 
it. Radio Traffic men are 
aiming at such operation with 
their "break-in." 

I was just a kid then; my 
co-workers were 30 to 60 
years old. The older men got 
bored when work was light 
and they weren’t kidding me. 
Then they resorted to horse¬ 
play. A favorite gambit was 
to loosen the trunnions to the 
critical point so that when 
the key was touched, the 
lever would explode out of it 
like a mousetrap and the 
spring would be lost. The 
victim had to try sending 
with the switch-lever, by 
which the circuit was kept 
closed while idle. This is like 
telegraphing with a knife- 
switch, and he would swear 
loudly to the delight of the 
perpetrators. 

As I say, I was young. This 
did not suit my sense of 
propriety. Besides, I had 
noticed that, even when in 
working condition, the 
adjustment was very sloppy. 
So to be helpful I would 
tighten them to what I 
thought was the “proper" 
adjustment. In other words, I 
was a wise guy, just as the 
kids are today, and for the 
same reason: ignorance. 

My “adjustment" never 
lasted long, so one day I took 
a pair of gas-pliers and 
tightened all the lock nuts. 
And then it really hit the fan. 
Grown men running up and 
down and cursing and 
threatening mayhem and 
worse for the unspeakable 
scoundrel who not only 
messed up all the key adjust¬ 
ments but had the un¬ 
utterable gall to LOCK them 
that way! I watched them 
searching behind the test- 
board and under the duplex 
tables and even up on the 
cable racks for the dastard, 


whoever he might be, while I 
was in plain sight and feeling 
a little exposed. I knew who 
it was, all right. It was me. I 
was dimly aware that I was 
being taught something, and 
with more tact and good 
humor than I deserved. Later 
I, too, put on a show of rage 
and incipient insanity when, 
as a chief, I had to make a 
point! You can’t do it often, 
but it works, it works! The 
difficulty is in keeping your 
face straight. 

I asked one of the older 
men, who had been patient 
with me, what it was all 
about. "Don't you know? 
Send on a key without side- 
play and you get a glass 
arm!" 

My informant was one of 
the few, even in that office at 
that time, who knew what 
caused Telegrapher's 
Paralysis; he knew that it was 
due to bad key adjustment 
and "nerves," and that was as 
much as anyone knew. In the 
years since, I have asked 
questions at every oppor¬ 
tunity and so far have had 
not one answer that means 
anything. I have puzzled over 
it for those same years, and 
the work of Norbert Weiner 
and others gave me my first 
clue. It is entirely possible 
that I am the only man alive 
who actually does know; I 
hope not, and would be de¬ 
lighted to hear from anyone 
else who does. But I am 
afraid that, until now, I have 
been a torch bearer. 

This story will un¬ 
doubtedly be classified under 
Dewey Decimal System in 
some library or other, and 
will still be obscure. However, 
it will be in print, and not 
locked up in the heads of 
dead men. The knowledge, 
aside from help to key men, 
might even furnish an impor¬ 
tant clue to the psychologists 
and other workers in the 
field. 

Be that as it may, you 
have no excuse for acquiring 
a glass arm. You know 
better. ■ 
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Bob Lloyd WB9LTA 
5820 N Rural St. 
Indianapolis IN 46220 


Mobile Autodialer 

- - six preprogrammed numbers 


M ost of us seem to dial 
4 or 5 numbers most 
often when using autopatch. 
And it always seems you 
decide to make that impor¬ 
tant call when you’re up to 


your ... ah . .. bumper ... 
in traffic. This situation, and 
a near miss on the express¬ 
way, is why I felt the need 
for the WB9LTA autodialer - 
and, of course, the never 


ending "need” for a new 
gimmick. 

The features of this auto¬ 
dialer are: rapid, error-free 
dialing of any one of 6 pre¬ 
programmed phone numbers; 


automatic transmitter keying; 
simple operation - set the 
rotary switch and push the 
activation button; optional 
keyboard for unprogrammed 
numbers; optional acoustic 
coupling; and rock stable 

requiring no tuning. 

The heart of the autodialer 
is a new McMos® chip from 
Motorola, the MC14410P. 
This is a 2 of 8 tone encoder, 
specifically designed for 
touchtone applications. It 
uses a 1 MHz crystal divided 
internally to generate the 
basic tones. It is accurate to 
± 14 %, well within the specs 
required to key Bell TT 




Front panel; PC board, top view. 


Fig. I. Block diagram. 






circuits. To achieve the 
sequential dialing necessary 
to dial a phone number, a 1 
of 16 data distributor stepped 
by a BCD decimal counter 
was chosen. A NE555 timer 
was chosen to provide the 
clocking for the circuit. 

The only really critical 
parts of the circuit are the 
tone frequencies, which are 
controlled by the MCI4410 
and the crystal; the digit 
pulsing rate, which is con¬ 
trolled by the 555 and R2; 
and the interdigit time, which 
is controlled by the program¬ 
ming of the outputs of the 
74154. A note regarding the 
digit and interdigit timing: 
Bell specs call for a 75 msec 
tone pulse, separated by a 25 
msec interdigit space (worst 
case specs), to reliably access 
Bell equipment. Some offices 
may respond to faster 
pulsing, but not all will. This 
circuit is designed to fit these 
specs, with some "security 
hedge" built in. 

How It Works 

First, a word of explana¬ 
tion: I am not an engineer. I 
look on ICs as "little black 
boxes.” I don’t understand 
how many of them work, or 
what's in them. All I care 
about is what can be done 
with them, and how to wire 
them together to make them 
do the job you want done. 
Don Lancaster's book, "The 
TTL Cookbook," has been a 
great help here. But just plain 
"trial and error” has been my 
best teacher. With that, here 
goes an explanation of how 
this device works (refer to 
Fig-1)- 

When you push the start 
button, IC1 starts. IC1 is 
wired as an astable multi¬ 
vibrator, with the frequency 
controlled by R2 and C2. The 
output of IC1 is fed to IC2. 
IC2 is a decimal divider which 
puts out a BCD sequencing 
code at the rate dictated by 
IC1. The BCD outputs of IC2 
are applied to the inputs of 
IC3, a 1 of 16 data distrib¬ 
utor. The outputs of IC3 will 


be brought to logic 0, one at 
a time, then will go back to 
logic 1. The rate at which this 
happens is controlled by the 
clock (IC1). Which outputs 
change is controlled by IC2. 
The outputs of IC3 are 
routed through switch 1 to 
control which digit tones are 
applied to the audio output 
at any given time. Note that 
only every other output of 
IC3 is used; this provides for 
the interdigit timing (which is 
equal to the digit timing). 
Switch 1 is the programming 


give the digit output. The 
digit output is coupled to the 
rig through the coupling cap, 
C7. R6 controls the output 
level. If acoustic coupling is 
desired, the optional ampli¬ 
fier consisting of Q2 and Q3 
is used, and is direct fed from 
the level control pot (R6). C7 
is not used in this application. 

PIT control is achieved by 
applying the pulse at IC3, pin 
16 to the base of switching 
transistor Q1. The collector 
of Q1 provides a ground path 
to activate the PTT circuit in 


available. A vectorboard 
could be used, but the 
number of diodes in the 
matrix may make the final 
device unreliable unless you 
epoxy the diodes to avoid 
movement. 

Assembly is straight¬ 
forward, with no special pre¬ 
cautions needed except in 
handling IC4. Since it is a 
CMOS device, it is subject to 
damage from static elec¬ 
tricity. Do not remove it 
from its carrier until you are 
ready to insert it into the 



device. It controls the 
sequence in which the 
numbers are dialed, and 
which numbers are dialed. 
The diodes on the inputs of 
IC4 and the outputs of IC3 
connect (by jumpers) to 
switch 1, and form the pro¬ 
gramming matrix. IC4 is the 
tone generator. It has seven 
inputs, which correspond to 
the seven basic touchtones. 
When a low tone input and a 
high tone input are brought 
to ground simultaneously, a 
TT digit is generated. See 
Table 1 for which inputs 
generate which digits. 

The high group and low 
group outputs are combined 
through isolating resistors to 


most rigs when Q1 is biased 
on. If your rig uses a positive 
voltage, or diode switching to 
activate the PTT, then you 
will have to use the optional 
circuit shown. 

Construction 

Parts procurement may be 
a problem in some cases, 
especially in obtaining IC4, 
its associated crystal and 
SW1. Sources for these parts 
are provided in the parts list. 
The optional tone pad is also 
a problem, and again, sources 
are in the parts list. 

A PC board is the most 
desirable way to build this 
project, and a layout is pro¬ 
vided. Etched boards are also 


circuit. At that time, you 
should run a strap from your 
wrist to an earth ground, to 
bleed off any static buildup 
on your hand. DO NOT 
touch anything electrical in 
your shack while you are 
grounded. If you work on a 
wood, concrete, or tile floor 
and wear rubbersoled shoes 
and cotton clothes, static 
buildup is unlikely, and you 
needn’t ground yourself. 

Wiring the jumpers in the 
diode matrix requires some 
care, to be sure the correct 
digit tones will be generated. 
Refer to Table 2 for these 
connections. 

To simplify construction, 
program the individual phone 
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Fig. 4. Optional audio amp. 



Fig. 5. Optional PTT methods. 


numbers on switch 1 before 
wiring the jumpers from IC3 
and from the diode matrix to 
it. When programming SW1, 
avoid confusion by labeling 
the various wafers of the 
switch with A through G. “A” 
corresponds to the first digit 
of the phone number and to 
the point on the diode matrix 
to which it will be attached. 
"B” corresponds to the 
second, etc. The wiper for 
wafer "A" will connect to 
diode "A” on the board, etc. 
Position 1 on each wafer will 
be used to program the first 
phone number, position 2, 
the second, and so on. Refer 
to Table 3 for an example of 
programming. Note that any 
digit is only brought from the 
diode matrix to the switch 
once. Whenever that digit is 
needed in programming again, 
simply jumper it from 
another point on the switch 
which represents the same 
digit. In the example shown 
in Table 3, the digit "4" was 
brought to switch 1, wafer B, 
position 1 from the diode 
matrix. Then jumpers were 
used from wafer B, position 1 
to wafer E, position 1, and 


from wafer E, position 1 to 
wafer F, position 1 to wafer 
G, position 2. 

After the phone numbers 
are programmed on the 
switch, then bring the 
jumpers from the diode 
matrix to the necessary digit 
and wiper points on SW1. 
Now, recheck the program¬ 
ming for errors. Trace from 
the R positions on IC4 to the 
C positions to verify the 
correct tones as shown in 
Table 2, then trace the wiring 
through SW1 to verify that 
the correct phone numbers 
exist in each position. This 
should complete the switch 
programming. 

If a keyboard is used, 
jumper from each digit on the 
diode matrix to the correct 
pin on the keyboard, 
referring to Fig. 3 for the 
pinout on the specified key¬ 
board. Other keyboards may 
be used, but they should pro¬ 
vide a common contact on 
each digit, and an isolated 
contact for each digit. A 
multiplexed board will work, 
but it still must have a 
common contact for ground 
in each digit. A 16 digit key¬ 
board may be used, but 
diodes are not included in the 
matrix, and would have to be 
added. 

It is suggested that sockets 
or molex type pins be used 
on all ICs. Also, use a good 
grade capacitor for Cl and 
C2, and a 5% resistor for R2, 
4, and 5. Other part values 
are not critical. 

Testing 

Prior to testing, double¬ 
check all wiring — ICs are 
great till you apply voltage to 
the wrong point! Also 
recheck the PC board for 
hairline trace bridges, or 
solder bridges; I had 3 solder 
bridges on my prototype. 













Once satisfied with the 
wiring, apply voltage, using a 
9 volt transistor battery or a 
12 volt power supply. Attach 
a voltmeter to the output of 
the LM309H and check for 

4.5 - 5.5 V dc. If voltage is 
above or below these limits, 
remove power and recheck 
wiring; if the voltage was 
more than 1 volt above the 

5.5 volt level, you may have 
damaged one or more of the 
chips. If the voltage was too 
low, check the LED, then the 
chips. Of course, don’t over¬ 
look the LM309H. If it was 
inserted incorrectly, it will 
probably be damaged. One 
other word of caution: NOTE 
that the 7493 is inserted with 
pin 1 down toward the 
MC14410, just opposite of 
the rest of the chips. 

Assuming that the voltages 
are OK, the next step is to 
check the tones. I used a 
small transistor amplifier, 
connected to the output 
capacitor, to listen to the 
tones. When you push the 
start button, you should hear 
a burst of tones. If not, you 
may have a wiring error, or 
poor connection. Next, test 


the tone chip by attaching a 
jumper to ground, then 
touching the unattached clip 
to each of the R and C pins 
on IC4. If you get tones, next 
touch the clip to the TT digit 


output (the outputs that go 
to SW1). Again, you should 
hear tones. One way to verify 
the accuracy of the tones is 
to use a touchtone phone. 
Listen in the earpiece while 


pressing the same digit on the 
telephone and the autodialer 
- you should hear a beat 
effect, which tells you that 
the two are close. 

If all of this testing proves 
the unit is working, you 
should check the PTT tran¬ 
sistor Q1. Clip an ohmmeter 
between ground and the 
collector: When the start 
button is pushed, the ohm- 
meter should show a low 
resistance reading (10-60 
Ohms). If all of this works, 
your autodialer should work. 
Attach it to your rig and try 

If the unit does not give a 
tone burst when the start 
button is pushed, but the 
tone generator is working, the 
problem most likely is in the 
555. Recheck the wiring 
around it, and the timing 

components, C2 and R2. If a 
scope is available, check pin 3 
for an output pulse. I have 
encountered a few defective 
555s obtained surplus, so this 
may be a consideration. 

If the unit dials too fast or 
too slow, C2 or R2 are of 
incorrect value. Cheap capaci- 
n Point on 

where or SW1 where 

' should jumper should 


Diode Cl-A 
Diode C1-B 
Diode C1-C 


Third Phone 


SW1 Wafer F Pos 1 

SW1 Wafer E Pos 2 
SW1 Wafer A Pos 3 
SW1 Wafer B Pos 3 


Other phone numbers would follow this pattern. 

Table 3. Example of S W! Wiring. 
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tors are rarely close to the 
stated value, so if you bought 
an inexpensive unit, that may 
be your problem. 

One helpful test fact: The 
current draw of this circuit is 
about 100 mA. If trouble 
occurs, this would be an 
important thing to check. 
Higher current indicates a 
potential short (probably on 
the board), while lower 
current indicates a potential 
open (probably a poor solder 
joint). 

The final item to check is 
the numbers your autodialer 
is dialing. If it dials an incor¬ 
rect number, you've made a 
mistake in your switch pro¬ 
gramming. 

Operation 

Operation is simple: Apply 
the power, select the number 
to be dialed with SW1, and 
push the start button. Presto, 
you have your party! 

A few notes are in order. 
When power is applied to the 
unit, the dialer will sequence, 
then stop, so avoid turning 
the unit on where it might 
interfere with a QSO. If you 
choose a 9 volt transistor 
battery as your power source, 
use a mercury or nicad cell, as 
an alkaline or carbon-zinc cell 
Will cease to operate in 
extremely low or high 
temperature. The best source 
of power is your car battery. 
If your dialer malfunctions, it 
is most likely the power 
supply. If you get unreliable 
dialing, the problem is 
probably one of excessive 
speed. Adjust R2 upward in 
value. If the audio output is 
too low, it may be necessary 
to adjust the value of R4 and 
R5. Do not go below Ik Ohm 
for these resistors, however. 
If you still don’t have enough 
audio to drive your rig, you 
may need to add the optional 
amplifier. Another problem 
area was recently brought to 
my attention: Some rigs are 
using audio circuits which 
provide base attenuation. In 
these circuits, it may be 
necessary to juggle the values 
of R4 and R5, maybe such as 


1.5k for R5 and 1,0k for R4. 
DO NOT juggle these values 
unless you find (with a scope) 
that the high and low tone 
groups are more than 4 dB 
apart in level. 

Finally, select an enclosure 
for your autodialer. I used a 3 
x 4 x 5 inch minibox because 
it is inexpensive. I covered it 
with contact paper, then 
marked it with Datak dri- 
transfers. You may wish to go 
with a more deluxe enclosure, 
such as a LMB442 or a sloped 
panel box. I do recommend a 
metal enclosure. 


Hookup to your rig may 
be accomplished any number 
of ways. In my unit, I used a 
jack identical to that used on 
my TR-22, mounted on the 
front panel of my autodialer. 
I attached a short length of 3 
conductor cable from the 
common, audio-output, and 
PTT outputs of the auto¬ 
dialer, to a plug to match the 
jack. I then plugged my mike 
into the autodialer, and 
plugged the autodialer into 
my rig. You could put an 
accessory plug (some rigs 
already have one) on the 


back, and feed the PTT, com¬ 
mon, and audio to the rig this 
way. 

I would like to give credit 
to K90MS, who spurred this 
idea by building an autodialer 
some time ago, proving to me 
that the basic idea was sound. 
I would also like to thank 
WB9SFF, WB9PAR and 
K9JRI for their technical 
assistance in developing the 
final product. Finally, the 
XYL deserves a lot of praise 
for her tolerance of my time 
spent in the shack working on 
this project. ■ 
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Autocall 76 

- using a touchtone decoder 



C. W. Andreasen WA6JMM 

PO Box 8306 

Van Nuys CA 91406 


T he purpose of this cir¬ 
cuit is to allow the user 
to monitor a radio channel 
without having to listen to 
constant chatter, and yet be 
available for call. This unit 
may be used with any radio, 
and will work on any simplex 
or repeater channel the radio 
is tuned to. The circuit uses 
no special hard to get coils, or 
other rare parts, and is easy 
to tune and set up. As shown, 
the unit will respond to a 
three digit Touchtone code, 
but with minor changes the 
unit can be made to respond 
to any number of digits. 

When the operator wishes 
to use the device, the audio 
input plug is inserted into the 
external speaker jack 
provided on most radios. The 
unit will monitor the channel 
for the programmed series of 
Touchtone numbers in the 
proper order, during a 
predetermined “window” of 

The Touchtone sequence 
decoder. A zener diode and 
resistor may he used in place 
of LM309. Zener type 1N751 
and resistor value of 68ZI, 2 
Watts are suggested. Undrilled 
PC boards are available from 
the author for $3.50 each 
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and will enable the sequence connected to the proper gate 
Fig. I. Touchtone pad frequencies. logic for a time period, form- in the desired order. An 

ing a window, which resets example would be: if I 
the logic when time-out decode columns 1 and 3, and 

time (all three digits must be column 1 and row 1 = digit occurs. rows 1 and 4, my four 

received during a measured 1). These four decoded num- The sequence logic is decoded tone pairs, or digits, 

time period). When the bers go both to the sequence simply three flip flops which would be 1,3,*, and #. If I 

proper three digit code is logic and an “OR” gate which can be set only in the wired, were to wire the decoded 

detected, a latch will set, triggers a oneshot (Fig. 4). predetermined order. This number 1 to pin 9 of IC2, the 

enabling a light which shows This oneshot will trigger any may be wired by using three decoded number 3 to pin 9 of 

that the unit has been paged, time a number is decoded, of the four decoded numbers IC3, and the decoded symbol 

and also enables a transistor 
which can key a buzzer, fire a 
cannon, or even key a relay 
turning on a speaker letting 
you hear the channel and 
your call. This key will time 
out after five to ten seconds, 
depending on values used, 
while the light will remain lit 
until reset manually. 

Circuit Description 

The audio goes into a 
constant output amplifier 
(Fig. 2). This amplifier will 
provide a constant output 
level to the tone encoders 



even though the input level 
may vary over a range of 50 
mV to more than 6 volts. 
This constant level audio is 
distributed to four 567 tone 
decoders (more could be 
added). Each tone decoder is 
tuned to detect one tone in 
the Touchtone matrix, which 
has seven tones, of which we 
only use four. Under normal 
conditions, two decoders 
would be tuned to the 
columns, and two to the rows 
(refer to Fig. 1). The output 
of each decoder is fed into 
gating (IC1) where the tone 
pairs are determined. The 
output of each tone pair gate 
is a digit decode (example, 


Fig. 2. Constant level audio amplifier. 



S3 


Fig. 4. Tone pair decode, window enable. 







# to pin 12 of IC3 (Fig. 5), 
my unit would respond to the 
call of 1-3-#. As you can see, 
the fourth decoded digit is 
not used. If the builder 
wishes to expand his call to 
four digits, this can be done 
by the addition of another 


flip flop and gate wired onto 
the end of the sequence logic 
chain. 

When the proper code is 
received, the memory latch 
(Fig. 6) will set, until reset by 
the user, and the output key 
will turn on for a period of 


time which will end when the 
window times out and the 
unit resets, in about five 
seconds with the values 
shown. 

Tuning 

To set the tone decoders 
for the desired decode, 
connect the input of the 
sequence decoder to a 
Touch tone signal source. 




After adjusting R7, the 
output of the constant level 
amplifier, so as to drive the 
tone decoders with about 100 
mV of audio, pick the first 
column to be decoded and 
generate this tone (if using a 
Touchtone pad, hold two 
keys in desired column 
simultaneously, and this will 
provide the tone for that 
column; the same holds true 
for the rows). Adjust the 
tuning resistor on the 567 
tone decoder desired, until 
the LED in its output lights. 
Move to another 567 decoder 
and repeat this same 
procedure with the second 
column, and then repeat 
again for each row. With the 
outputs of the tone decoders 
wired to the pair gates as 
shown, each of the four gates 
will have a HIGH output 
corresponding to its tone pair 
input. The unit is now set up 
to recognize four tone pairs, 
of which the order of 
recognition is determined by 
the wired order to the 
sequence logic. 

The unit built by the 
author has been in use for 
some time and is constantly 
connected to the audio 
output of the receiver. The 
unit has proved to be stable 
and reliable, decoding the 
tones even while the 
incoming signal is noisy or 
the person sending is talking 
on top of the tones. My unit 
has never falsely gone off due 
to voice or noise on the chan¬ 
nel. * 




Fig. 8. Speaker muting switch. 


Fig. 9. Semiconductor pin arrangements. 
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Build This Lab Type Bridge 


-- and measure transformer impedances 


graduated from high school ham problem, 

and only got a college degree It all started back in the 
in 1973, but that is another mid-60’s when I was building 

story. Truth to tell, I have the modulator for a two 

always been one of that vast meter rig. I needed a trans¬ 
army of cut and try chaps former of a specific input and 

who are scared silly at any- output impedance, in Ohms 

thing that even remotely re- of course. Since 1 had (and 

sembles an algebraic formula, still have) about a hundred 

This is also the reason, in- transformers (all unmarked, 

directly, that I built this of course) lying around, and 

valuable tool and worked out since at that period of history 

my own cut and try method I was working at the Space 

of solving a nagging, typical Center at Cape Canaveral, it 


Amy Cain WB4FDQ 
2306 So. Ruffnei Rd. 
Melbourne FL 3290J 


XX title scare you away. 
This is not an article written 
strictly for engineer types, 
but just the opposite. Con¬ 
sidering the fact that I have 
been playing with electronics 
(we used to call it just plain 
radio) since 1933 and only 
just discovered Ohm's Law 
about eight years ago, you 
may understand that I am far 
from academic-minded. As a 




was no trick at all to take a 
few likely-looking prospects 
into one of the many elec¬ 
tronic labs. Telling my 
problem to a group of sym¬ 
pathetic, highly trained, and 
highly paid engineers brought 
instant cooperation. Unfor¬ 
tunately, sophisticated labs 
not withstanding, several 
hours later we still did not 
know the impedance of any 
of the transformers. Greatly 
disappointed, I gathered up 
my ‘‘boat anchors" and 
decided that there must be an 
easier way. I finally bought 
the proper modulation trans¬ 
former and got the rig on the 
air, but in the back of my 
mind the determination to 
find an easy way out of this 
dilemma remained. 

Well guys, after an interval 
of about ten years, here is the 
simple solution. Three pieces 
of equipment are needed, two 
of which you probably have. 
The first is a signal source at 
about a thousand cycles (you 
can use sixty cycles in a 
pinch), since I understand 
that most audio transformers 
are measured at this fre¬ 
quency. The source should 
have an output of about five 
to ten volts, although it can 
be less if you use a sensitive 
oscilloscope for the null 
detector, which is the next 
piece of gear that you need. 
You can use a VTVM, a 
scope, a simple old 6E5 magic 
eye null detector, or (if you 
have enough signal) an ac 
micro-ammeter (not recom¬ 
mended). The third and last 
thing that you will need is 
(the reason for this article) an 



Fig. 1. Schematic. 



instrument improperly called 
a Wheatstone Bridge. 

Please don’t rush for your 
pen to defend old Sir Charles 
Wheatstone. I'm not trying to 
deprive him of his place in 
history, but the fact is that he 
just didn't invent the darn 
thing. True, he publicized it, 
but the device was invented 
by an English scientist named 
Samuel H. Christie in 1833. 
At any rate, this simple piece 
of gear is the solution (I’ll 
explain how I used it to beat 
the unknown transformer 
problem in a moment) to not 
only the above problem, but 
to so many others on the 
workbench that I now won¬ 
der how I ever survived in this 
hobby without it. Consider¬ 
ing its simplicity (see sche¬ 
matic), it is perhaps the most 
valuable instrument that I 
own. 

Now for the construction 
data, which will be meager 
because no one will build a 
carbon copy anyway. First, 
don't use a standard volume 
control for your calibrated 
pot. They are just too small 
to permit any degree of 
accuracy and/or resettability. 
As you will observe in the 
photos, the potentiometer 
that I used is a 514” diameter, 
wire wound, 10k Ohm log 
taper job made by the Muter 
Company and, I believe, long 
since discontinued. I’ve had 
mine for about 6 or 8 years 
and I think that I bought it 
by mail from one of the 
surplus houses that advertise 
in 73. I do remember that I 
paid $3.95 for it and it’s 
probably worth ten times 
that. You don't have to have 
one that big, but try to get a 
pot over two inches in 
diameter. 

Wire with heavy leads, the 
heavier the better (I used 
number 14 wire), and make 
sure that you use well- 
insulated binding posts. One 
more thing, before I forget: 
Be sure that your signal input 
connector is well insulated 
from the chassis. As you can 
see in the photos, my plug-in 


resistor jacks are made using 
banana plugs on pieces of 
Lucite. The reason for the 
funny shape (the Lucite) is 
that I had a bunch of three 
prong connectors from a long 
since defunct grid dipper. All 
I had to do was to remove 
one banana plug; ergo, funny 
looking jacks. The only other 
components that you will 
need are some precision resis¬ 
tors and capacitors, pre¬ 
ferably 1% (see list). The 
accuracy of the instrument 
depends on two things: the 
precision with which you cali¬ 


brate your dial, and the 
accuracy of the standard 
resistors and capacitors that 
you use. 

I made my dial six inches 
in diameter using a large skirt 
knob and a flange from a 
daylight load spool from 
16mm movie film. I filed a 
flat on the shaft of the pot so 
that the dial would never slip 
and would retain its calibra¬ 
tion if it should ever have to 
be removed. After the instru¬ 
ment was assembled I sat 
down with a handful of pre¬ 
cision resistors and my VOM 
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to calibrate. I hooked my my banana plug posts a 

ohmmeter across terminals standard W apart; that way I 

#1 and #6 and marked the could use standard dual 

dial carefully with a pencil, banana jack instrument plugs, 

checking every reading It doesn’t affect anything; it's 

against a known 1% precision just a matter of looks. My 

resistor wherever possible. Lucite plugs look rotten and 

Later I applied white press-on it bugs me. 

numbers and dots and After I had completed the 
sprayed them with clear bridge I spent a couple of 

lacquer to protect them. The hours playing with it. I found 

calibration procedure is not it difficult to believe that 

difficult, just tedious. Cali- such a simple device really 

brate the major Ik Ohm worked so well. Finally I 

points first and then the 100 picked up an audio trans- 

or 200 points in between, former with known impe- 

The more careful you are, the dances, and hooking one 

more accurate your bridge winding across the bridge and 

will be. the output of my audio 

As you will note in the oscillator (set at 1 kHz) to 

photographs, I used standard the input, I adjusted the 

RCA phono jacks for input scope for a nice one inch 

and output. I use them when- trace. Try as I might, I could 

ever possible on my projects not get a reading anywhere 

because of the wide variety of near the impedance marked 

shielded cables available that (in this case 10k Ohms). It 

match them. The case is suddenly occurred to me that 

6”x6”x6”, formerly black the other winding should be 

crackle finished, salvaged loaded to its proper impe- 

from my junk box (the whole dance in order to get an 

garage), and resprayed red to accurate reading on the 

cover the chips and rust winding under test. I quickly 

spots. hooked up a four Ohm re- 

Just one more thing on sistor to the output winding 

construction before we get to and, lo and behold, measured 

the good part. If I were to 10k Ohms on the primary. I 

rebuild mine I would space then got myself a cup of 

Connect unknown inductor between 1 & 2 

Range Posts 3 & 4 Posts 5 & 6 

Std. Res. Std. Cap. 

t — 100 uH 1 .01 uF 

10-1000 uH 10 .01 uF 

100 uH — 10 mH 100 .01 uF 

1 — 100 mH Ik .01 uF 

10-1,000 mH 10k .01 uF 

0.1 — 10 H Ik 1 uF 

1 — 100 H 10k 1 uF 

Table 2. Inductance Measurements. 


Connect unknown capacitor between 3 & 4 

Range Std. Res. Std. Cap. 

Posts 1 & 2 Posts 5 & 6 

1 - 100 pF 
10- 1000 pF 
lOOpF - .01 uF 
.001 - .1 uF 
.01 - 1 uF 
.1 - IOuF 
1 - IOOuF 


lance Measurements. 




coffee and sat down to do a measured. Reverse the trans¬ 
little skull work. former and measure the pre- 

As I sat sipping and pon- viously shunted low impe- 

dering, it suddenly occurred dance winding. If it was an 

to me that since four Ohms is output transformer and you 

a pretty low resistance, what had used the 4-5 Ohm shunt, 

would happen to the impe- you will probably find that 

dance of the other winding if you are within 5-7% of the 

I were to short the four Ohm true value of the transformer, 

winding? To think is to act, Close enough for all practical 

and I now measured approxi- purposes, 

mately 1800 Ohms across the If you are not sure of the 
primary. Could it be that type of transformer you are 

shorting the low impedance working with, proceed as 

winding gives you a reading follows. Short the leads of 

of about one fifth of the true the lowest resistance winding 

impedance? Subsequent tests together and connect the 

with other transformers show highest resistance winding 

that, although this is not one across the bridge. Measure 

hundred percent accurate, as and multiply the reading you 

a general rule of thumb you get by six and connect a 

might use this as a ball park resistance of that value across 

figure to start. Here is the the winding that you just 

procedure that I finally measured. Now reverse the 

worked out. transformer, measure the pre- 

Start by measuring the dc viously shorted winding, con- 
resistance of all windings with nect a resistor of that value 
an ohmmeter (or with the across it, and repeat the 

bridge using the described procedure on the high impe- 

procedure for dc resistance dance winding. It doesn’t 

measurements) and marking take but about two or three 

them. If you are sure that it is measurements, going back 

an output transformer, hook and forth from one winding 

a 4 or 5 Ohm resistor across to another, to achieve a re- 

the lowest resistance output markable degree of accuracy, 

winding. Connect the high Practice on a few trans¬ 
resistance winding across the formers of known value and 

#5 and #6 terminals of the if you find your readings 

bridge, a 1 kHz signal to the coming out wrong, look for 

input, and a suitable detector shorted clip leads or open 

to the output. Measure the connections. With a little 

resistance and hook a carbon practice and care you can 

resistor of this value across solve your unknown trans- 

the winding you have just former problems. 


Table 3. Capacil 






Table 4. List of required standard resistors and capacitors, i %, 


It will interest you to 
know that you can also 
measure carbon and wire 
wound resistors to a very high 
degree of accuracy using dc 
current. First connect a 
source of dc, a battery or 
other supply of from 1 'A to 
4hi volts to the input jack 
with a push-button in series, 
and a 0-50 or 0-100 dc center 
scale micro-ammeter to the 
output jack. Hook the 
standards and the unknown 
up in accordance with the 
resistance chart. Using the 


push-button for momentary 
contact, start rotating the dial 
until you start to get a null, 
after which you can hold the 
button down to finalize the 
null. 

Using an audio oscillator 
you can also measure capaci¬ 
tance and inductance as well 
as resistance. I’ve included 
the charts for these measure¬ 
ments also. Just remember to 
keep all test leads as short as 
possible, make tight connec¬ 
tions, and be careful of shorts 


and open connections. For 
those of you who want to get 
involved in the more esoteric 
and/or mathematical use of 
this instrument, your public 
library has more than one 
engineering manual that will 
give you the dope on such 
elegant things as finding the 


power factor of capacitors, 
etc. 

As for me, I just hook 'em 
up using the charts, tune for 
the best null I can get, and 
I’m happy with the results; 
but of course I'm just an old 
cut and try type. Try it; 
you’ll like it. ■ 












Bob Hart K7YGP/7 
622 W. 4th Street 
Medford OR 97501 


How Those 
Triangle Things Work 

--a sort of op amp handbook 


D efinition of operational amplifier: one 
that works, as opposed to a non-opera- 
tional amplifier; also known as that "triangle 
thing” on a schematic. 

While not strictly accurate, the above 
definition is as good as any. While most of 
you have the idea that this triangular symbol 
represents some kind of amplifier, you may 
not be aware of how this thing called an op 
amp does its job. While, like any other 
amplifier, the function of an op amp is to 
create a large signal from a small one, the op 
amp has some special characteristics that 
need to be known in order to use it. With 
proper connections the op amp can become 
an amplifier of stable gain, an integrator, a 
voltage comparator, or function in almost 
any other way you can imagine (or glean 
from the application notes). The heart of all 
these things is an almost perfect, slightly 
temperamental but versatile building block. 

Before we take a look at the real device, 
it might be interesting to look at a perfect 
amplifier. We'll start at the input. One of the 
most versatile input structures for an 
amplifier is the differential input. This has 
the ability to select those signals which 
appear different at each input while rejecting 
those signals that appear the same at each 
input. So the perfect amplifier has two 
inputs. Also, since the amplifier shouldn't 



load the preceding stage, the input 
impedance must be high. Since this is an 
imaginary amplifier we might as well make 
input impedance infinite. 

Next, what about gain? Since we never 
know how much gain will be needed in a 
given application, an infinite gain amplifier 
should cover all possibilities. You might 
think that infinite gain would be difficult to 
control but, as you will see later, the gain 
can easily be modified by external circuitry. 
The next item to be considered is output 
impedance. In order to make sure the 
amplifier can drive any load, output 
impedance should be zero. And lastly, the 
amplifier output should respond instan¬ 
taneously to any change in the input signal. 
This means that the bandwidth has to be 
infinite and the phase shift through the 
amplifier has to be zero. Our perfect 
amplifier is shown in Fig. 1. 

As you have probably figured, real life 
operational amplifiers are not quite as 
perfect. Let's take as an example the 
UA709. Like our perfect amplifier, the 709 
has two differential inputs: inverting and 
non-inverting. Input impedance is not quite 
infinite. In fact it is only about 250k Ohms. 
The voltage gain of this amplifier is quite 
high — somewhere around 50,000. To get 1 
volt of signal output only 20 uV of input 



Fig. I. Ideal (a) and typical (b) real amplifier. Ideal: A (gain} = “>; bandwidth 
= °° ; Z/,v = 00 / ZoUT ~ 0- Red: A = 100,000; bandwidth = 1 MHz; Zpg = 
250 kil, Zour= 150SI 


signal is needed. Output Z is in the order of 
150 Ohms. The bandwidth of the amplifier 
is limited by internal circuit reactance to 1 
to 2 MHz (Fig. 1). 

It almost seems a little disappointing that 
the 709 turns out to be so far from ideal. 
Actually, the 709 is a fairly average op amp. 
Some devices approach the ideal more 
closely and some are worse. The reason the 
perfect amplifier was introduced was not to 
make all the real ones look bad, but to serve 
as a design model for all amplifiers. In most 
cases a real (imperfect) amplifier is treated as 
if it were perfect (see later). 

Operational Amplifier Specifications 

There are several specifications that are 
important to operational amplifiers. The 
first, AvOLi has already been mentioned. 
This refers to the open loop or unmodified 
voltage gain of the amplifier. If you're 
looking over the specs of several amplifiers, 
you'll find that this specification usually is 
around 90 to 100 dB (30,000 to 100,000). 
In most applications the exact value is not 
important. What is important is that the gain 
is high. 

Another important characteristic of op 
amps is their ability to reject signals that 
appear at both inputs at once. Remember 
with differential inputs the idea is to amplify 
the difference between the signals present at 
the two inputs. Any equal signals such as 



Fig. 2. Op amp used as comparator. 




noise, hum or dc bias should have no effect 
on the output. The ability to reject these 
common signals is known as the common 
mode rejection ratio (CMRR) and is usually 
expressed in dB. It is simply the ratio of 
common signal to differential signal required 
to give the same output in either case. Most 
1C op amps achieve a CMRR of about 90 
dB. This means that, in an open loop 
condition, if AvOL is also 90 dB, 
differential signals will be amplified by 90 
dB while common signals will be effectively 
amplified by only 0 dB (1). Like AyOL. 
CMRR is very high in the typical op amp 
and can be treated in most cases as if it were 

Let’s shift away from the entire amplifier 
and take a look at the inputs of the common 
operational amplifier. Remember that the 
inputs of the mythical perfect amplifier were 
of infinite impedance. Of course the real 
amplifier doesn’t quite make it. What’s 
worse, the inputs are the bases of 2 separate 
(and therefore slightly different) transistors. 
A small but finite current must be injected 
into the bases of these transistors in order to 
turn them on. This current is, of course, 
called input bias current. And since the 
input transistors are slightly different, 
differing amounts of current are needed by 
each transistor to give the same effect. This 
current difference is known as offset 
current. Another type of offset occurs 
because of a slightly different reference level 
at each input. This is a voltage offset and in 
many op amps provision is made to adjust 
this out. In any case these offsets are small 
(typically 100 mA and 2 mV respectively) 
and are only of consequence when the 
amplifier is used in low input level situa¬ 
tions. In situations where the input level is 
high in relation to the offsets, their effect is 
insignificant. But it should be recognized 
that those offsets exist and if the amplifier is 
to be expected to respond to low level 
signals, they must be dealt with. 

As you probably are aware, not too many 
1C op amps perform well as 432 MHz 
amplifiers. As a matter of fact, most opera¬ 
tional amplifiers are limited to an absolute 
maximum frequency of around 1 MHz. 
Some are not even good for high gain use as 
a hi-fi audio amplifier. This limitation is 
generally due to parasitic capacitance 
between circuit elements on the 1C chip. 
Another more severe limitation is due to 
internal frequency compensation (see later). 




Fig. 4. Voltage follower. 

VlN = VOUT- 

Whatever the cause, op amps do not make 
good rf amplifiers, so their use is limited to 
the high audio range. 

There are two bandwidth-related specifi¬ 
cations that concern these amplifiers. The 
first is usually given in a graph as device gain 
versus frequency. The gain is usually flat 
from dc to some frequency at which point it 
starts to fall. The frequency at which the 
gain has dropped to 0 dB is called the unity 
gain crossover. At frequencies above this 
point the op amp becomes a very com¬ 
plicated and not too predictable resistor. 
The range between the start of fall off and 
the unity gain crossover is important to the 
stability of the amplifier and will be covered 
more fully later. 

The other bandwidth-related specification 
deals with the ability of the output to 
change level rapidly. This is termed the slew 
rate and is given in V/uS. The higher the 
value of this specification, the faster the 
output voltage can change. You can see that 
since higher frequency signals change faster 
than those of low frequencies, the amplifier 
is less able to reproduce the high frequencies 
at high amplitude. The effect of slew rate is 
to make the bandwidth appear higher at low 
output levels than at high levels. This is not 
too great a problem unless you’re trying to 
use the op amp as a power amplifier near its 
upper frequency limit. 

How To Use ’Em 

After going through the preceding section 
and learning how non-perfect 1C op amps 
are, we are going to turn around and use 
them as if they were perfect. The why of the 
matter is two-fold. First (and most impor¬ 
tant), the 1C is so close to perfect that the 
difference doesn’t matter much. As an 
example, if we construct a voltage follower 
with a perfect amplifier (infinite gain) we 
would get 1.00000 ... V out with 1.00000 
... V input. With our non-perfect amplifier 
(gain = 100,000) 1.00000 ... V input gives 
0.999990 V out. That is only .001% error. 
Not bad, I would say. The second reason for 
calling our amplifier perfect is that circuit 
analysis becomes dirt simple. 

Enough of this theoretical stuff. Let’s see 
how these plastic (and/or metal) packages 
can be used. 

One of the simplest ways to use the op 
amp is as a voltage comparator. With its high 
gain, a difference at the input of only a few 
millivolts produces full output. As shown in 
Fig. 2, a voltage divider (or a zener diode or 



Fig. 5. Inverting amplifier. 

VOUT _ R2 100k 

Vjjg~ ~ Rf 10k ~ 10 

some other stable voltage reference) places a 
fixed 7.5 V at the inverting input of the 
amplifier. Whenever the input voltage 
exceeds 7.5 V, the output swings to the 
positive limit. Whenever it is less than 7.5 V, 
the output swings to the negative limit. Of 
course the inverting and non-inverting inputs 
may be swapped if opposite output swings 
are desired. The only thing to remember is 
that the impedance seen by the two inputs 
should be about the same to minimize the 
effects of input bias current. This is desirable 
in any op amp circuit. The two diodes across 
the input only serve to limit the differential 
input. Some amplifiers behave strangely 
when their input becomes too great (like the 
inputs may self-destruct or the output may 
become the opposite of what it's supposed 
to or the output may latch in one state and 
forever thereafter ignore the input). 

Another circuit (really the same circuit 
but used differently) is the squarer or 0 
crossing detector (Fig. 3). Whenever the 
input waveform exceeds ground potential, 
the output swings giving a rectangular wave 
output no matter what kind of input signal 
is present. 

That is about all that can be done with 
the operational amplifier without some form 
of feedback. By adding appropriate feed¬ 
back, the amplifier can be made to do many 
chores. The main advantage of feedback 
amplifiers is that the characteristics are 
controlled by the feedback network - the 
characteristics of the amplifier itself have 
little effect. That’s why the real life 
amplifier can be regarded as perfect - the 
differences are almost completely cancelled 
by feedback. 

Feedback Amplifiers 

The first circuit to be introduced in this 
group is known as a voltage follower (see 
Fig. 4). The actual function of this circuit is 
of an impedance transformer. It will take a 
signal from a high Z source and duplicate it 
at a much lower impedance. Since there arc 
no components other than the operational 
amplifier, the design procedure is quite 
simple. Simply connect the output back to 
the inverting input. To find out approxi¬ 
mately what those input and output 
impedances are, a couple of simple formulas 

For input impedance find the values for 
AvOL ar| d differential Z|N in the spec sheet 
and stick them in this formula: Z||q = 
(Z|N,DIFF)(AvOl)- For the 709 this works 




out to about 11 G Ohms. (Yes, gigaohms!) 

For ZoUT find output resistance and 
A VOL in the spec sheet and use this 
formula: 


Again, for the 709, this works out to 3 
milliohms. Do not be misled by this figure. 
This low output impedance is only apparent 
if the current driving capabilities of the 
amplifier are not exceeded. If high current 
outputs arc required, a power amplifier 
should be connected to the output within 
the feedback loop. 

The best figures for the above occur 
where the gain is highest (0 Hz). Note that as 
the frequency goes up and AyOL drops off, 
both Z|f\| and ZoUT become less ideal. But 
for only one component and thousands of 
megohms of input impedance it's a pretty 
good circuit. 

The principle used in designing this and 
other feedback amplifiers is to regard the 
amplifier as perfect — that is, having infinite 
gain and infinite input impedance. If the 
amplifier has infinite gain the only way we 
can get a finite voltage at the output is with 



Fig. 6. Non-inverting amplifier. 
VqUT _ R1+*2 _ 

VlN HI 
!0k+39k 49k 



0 volts differential input. With the amplifier 
connected in a negative feedback configura¬ 
tion, the output will increase until its effects 
become equal to, and effectively cancel, the 
input voltage (at the non-inverting input). 
The principle of the feedback cancelling the 
input is used to design all feedback 
amplifiers using high gain op amps - the 
output stabilizes at a level that reduces the 
differential input to zero. 

If you really want to do more with the 
signal than duplicate it, you can place some 
resistors in the feedback loop and give the 
amplifier any gain desired. The first of two 
amplifier circuits is shown in Fig. 5. This 
circuit inverts all signals applied to its input. 
The gain of this circuit can be computed: 


(the indicates an inversion has taken 
place). Mathematically, this works out very 
simply. Since the inverting (-) input is held 
at 0 V (or some other constant set by the 
voltage at the non-inverting input), R1 and 
R2 form a voltage divider whose center 



Fig. 7. Op amp integrator (see text). 


or Ri Vqut - R 1 V| N " V IN R 2 

or R) V 0 UT = V 1N R 2 + V, N R, 

or R| V 0 UT - V|N » R 1 + R 2> 
Finally. VpuT* R, + R 2 

V|N * R 1 

’Voltage Gain. 


point is at 0 V. Also since the input 
impedance is supposed to be infinite, the 
current through R1 is equal to the current 
through R2: 

•ri “ - 'R2 

or ^ . _ V °UT 
R1~ " “ R2 


v out 

VlN 


R2 

RI 



Remember that this simple math is only for 
the perfect amplifier: infinite gain and zero 
current injected into or sunk from the 
inputs. R3, I’m sorry to say, is used to 
compensate for one of the amplifier’s imper¬ 
fections - the current used by the inputs to 
bias themselves on. Its value (R3) is usually 
equal to the parallel value of RI and R2. 
The idea is that both inputs should see the 
same impedance to minimize the effect of 
input bias current. If the input bias current 
is much less (less than 5%) than the feedback 
network current, R3 is not really necessary. 

The second type of feedback amplifier is 
the non-inverting type (the voltage follower 
is a special case of this type; see Fig. 6). 
Once again, by placing resistors in the 
feedback loop and input we can tailor the 
gain to any value. In this circuit R3 has the 
same function as in the inverting amplifier 
... RI and R2 are the gain control elements, 
and by making the same assumptions as for 
the inverting amplifier, we can see that the 
currents are equal in both resistors and their 
common point is held at V|N- The math 
goes like this: 

•r 2 * *Rj 

or V 0 UT ~ V tN V (N 

' "2 rT 



Input and output impedances of these 
last two circuits are fairly easy to estimate. 
The method is nearly the same as for the 
voltage follower circuit. The only difference 
is that these impedances are not improved 
by the full AVOL- Since we "used” some of 
the gain of the amplifier to increase the 
amplitude of the input signal, that “used” 
portion must be deleted from the total 
AvOL- What’s left is referred to as loop 
gain: 


A LOOP is used just like AyOL w 
viously: 


Z|N - tZoiFFl IA LOO pl and 2^, ~ out 

AlOOP 

Any impedances in series with the amplifier 
terminals have to be added to the computed 
impedance. This usually makes no difference 
to the input but can change the output 
considerably. 


Non-Linear Feedback 

You have seen how placing resistors in 
the feedback path can affect amplifier 
characteristics. Now what would be the 
effect of a capacitor stuck in the feedback 
path? Let's start with the circuit shown in 
Fig. 7. This, as you notice, is very similar to 
the inverting amplifier shown previously, 
except for the substitution of C for R2. And 
also the gain formula originates in the same 
way. This is going to be a little more 
complicated since putting a capacitor in 
there tells us there is going to be a time 
factor. Let’s give it a try: The currents 
through C and R must be equal since their 
junction is at a high Z fixed voltage point. 
So: t c = - Ir 



Fig. 8. Integrator modification to correct for offset drift, (a) Ramp generator 
application, (b) AC application — leaky integrator. 
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Fig. 9. Twin 7 sine wave oscillator. 
fOUT = ~ 2nRC ’ adjusted until 
circuit just oscillates. 


We seem to have run into trouble right 
away since it's hard to give a resistance value 
to a capacitor. But luckily: 



Sticking that in the formula, 

c • v OUT _ _ _ _ -V IN 

Now we're getting somewhere. The gain is 
then: 


VQUT _ t 
-V|N RC 

You may be wondering what that's 
supposed to mean. Not much as it stands, 
but change a few terms around and: 



With any given components (R and C) and 
with a given input (V||s|)(hold them all 
constant), VoUT will increase linearly with 
time (a ramp generator!). Increasing the RC 
product will lower VoUT < n a given time or 
will increase time for a given VoUT- By 
reversing the polarity or amplitude of V|N 
the direction and slope of the output can 
easily be controlled. 

This circuit is generally known as an 
integrator and functions the same as an RC 
integrator except that the circuit (with the 
op amp) has the advantage of linear opera¬ 
tion, higher Z|N, low output impedance and 
voltage gain. 

If the gain of this circuit is plotted versus 
frequency, it will be seen that the gain is 
infinite (or AyOL) at dc and then begins to 
drop off 6 dB per octave starting at a point 
determined by R and C. The frequency is 
actually: 


27TRC 


Looking at it this way, this circuit turns out 
to be a low pass filter. By placing appro¬ 
priately frequency sensitive components in 
the feedback network almost any response 
can be generated. This is the basis of active 
filters which have been adequately covered 
in a previous article'. Anyone interested in 
act ive filters should read that article. 

If you want to try an op amp integrator 
there is a practical problem that should be 
mentioned. If the circuit of Fig. 7 is used as 
is, the output will tend to drift toward 
maximum in one direction or the other. This 
is because the circuit will continue to 
integrate any offset error at the input even 
with the input grounded. This problem can 
be eliminated when using the circuit as a 
ramp generator by resetting the circuit at the 
end of each ramp with a switch or transistor 
across the capacitor (Fig. 8a). Closing the 
switch causes the output to return to what¬ 
ever input appears at the non-inverting input 
(in this case zero). The switch is then opened 
when you want to start integrating again. 

When integrating an ac signal, special 
arrangements must be made since integration 
must be continuous. One thing you could do 
is to synchronize the input to the integrator 
output. When the output reaches some 
maximum level, the input should change to 
run the integrator output in the opposite 
direction. The only use for this method I've 
seen is for a type of oscillator. 

The most practical method of using an op 
amp integrator with an ac input signal is 
shown in Fig. 8b. An extra resistor, R2, is 
added. This resistor provides enough feed¬ 
back current to cancel any error at the 
input. Of course, this simple solution does 
have its problems. The gain and frequency 
range of integration are reduced by some 
degree and the operation performed by the 
circuit is not a true integration. But these 
effects are relatively minor so this circuit 
should work well in most situations. The 
circuit is known, appropriately, as a leaky 
integrator. 

Another area of non-linear feedback 
circuits is that of oscillators. Oscillators 
differ from the previously described 
amplifiers in that they use positive feedback. 
How that feedback is handled determines 
the type of oscillator and the type of 
output. Actually, any type of oscillator can 



be implemented using op amps. The trick is 
to combine a gain element (the op amp) and 
some sort of frequency sensitive phase shift 
element. A few examples follow with not 
much math. 

Sine Oscillators: Sine wave oscillators 
using operational amplifiers are very similar 
to discrete oscillators except that the op 
amp is the active element. The first shown is 
known as a twin T or double integrator 
Oscillator. |Note: An integrator provides a 
90° phase shift to a signal at the frequency: 

* 2rrRC 

The double integrator ought to (and does) 
provide a 180° phase shift at that fre¬ 
quency. The RC network provides 180° 
phase shift at the oscillation frequency (see 
Fig. 9). An interesting feature of this circuit 
is that if R/2 is adjusted so that the circuit 
just does not oscillate, you have a narrow 
bandpass filter. Apply the input through a 
resistor to the (-) input. 

Another sine oscillator is the famous 
Wein Bridge, shown in Fig. 10. The output is 
a very low distortion sine wave. 

Square Wave Oscillators: A simple multi¬ 
vibrator type circuit which generates a 



Fig. 11. Square wave oscillator. 

f our - -sec 

square wave is shown in Fig. 11. The output 
will alternately switch from full positive 
output to full negative output. 

Another oscillator that produces a square 
wave also generates a linear ramp triangle 
wave. It consists of one op amp wired as an 
integrator while the other is wired as a 
comparator whose reference changes 
according to the slope of the integrator 
output. This circuit is commonly used as the 
basic oscillator in function generators 2 . See 
Fig. 12. 

In this section I’ve tried to show in a 
general way how the operational amplifier 
functions in a circuit. These examples are by- 
no means all that can be done with these 
amplifiers. Manufacturers' data books and 
application notes are full of additional infor¬ 
mation. With a little experimenting and 
simple design work it shouldn’t be too 
difficult to think of a few applications of 
your own. Before you start, there is one 
more thing you should be aware of. 

Compensation 

While most operational amplifiers used 
today have no need for compensation (they 
are already internally compensated), there 






fl=Fb- 


Fig. 12. Simultaneous square and triangle wave generator, IOUT * 


arc some applications where it is necessary 
to use an uncompensated amplifier and do 
the compensation yourself. 

First we must determine what compensa¬ 


tes device also boasts four amplifiers in one 
package), and even some that require very 
low power (533). While some of these have 
fairly special characteristics, they 


tion is and why it is necessary. Unlike the operate much the sa 
perfect amplifier, our op amp has a limited There are other type amplifiers that don't 
bandwidth. At some high frequency point operate exactly like an op amp. RCA has a 
the response (gain) tends to fall off. Without family of devices called transconductance 
compensation the rate of fall off is usually amplifiers. This means they are voltage 


quite fast. When the op amp is used . 
feedback amplifier, there is a point where 


controlled, current output devices. What 
they’ve come up with is a high gain, 


the open loop gain equals the closed loop differential input, solid s 
gain. If the open loop gain at this point falls (or FET). Regretfully, I have no information 
off too fast, the circuit may oscillate at that about them so I can’t give any definite 
frequency. The only way to avoid instability applications. 

or oscillation is to make sure that the rate of Another interesting device (which I 
open loop gain fall off is 6 dB/octave or less happen to know something about) is the 


at the crossover point. That is the function 
of compensation - causing the gain of a 
amplifier to fall off in a predictable way I 
prevent instability. 


LM3900. These would be called operational 
amplifiers except that this device amplifies 
the difference in the currents into the 
inputs. The currents required are fairly small 


An internally compensated amplifier is (usually around 10 uA), so large value 


adjusted so that the gain starts falling off at 
6 dB/octave (20 dB/decade) at about 2 Hz. 
The voltage gain drops to 0 dB at I MHz (for 
the 741). While this guarantees that the 
amplifier will be stable under any condi¬ 
tions, it limits the gain severely at high 
frequencies. To obtain high gain at high 
frequencies an uncompensated amplifier has 
to be custom compensated to begin the 6 
dB/octave fall off at some higher frequency. 
The instructions for compensation are 
usually contained in the manufacturer’s 
specification sheet. For example, a UA709 
can be compensated for 60 dB gain up to 
500 kHz while the internally compensated 
UA741 would only be good for a marginal 
10 dB voltage gain at that frequency. 
Internal compensation is only there for 
convenience; there are some advantages to 
non-compensated op amps. Some common 
uncompensated types are UA709, LM301 
and LM308. Compensated types include 
UA741,5558 and LM307. 

Some Other Amplifiers 

This entire discussion so far has con¬ 
cerned common op amps of the 709-741 
variety. These have bipolar transistor input 
and are voltage controlled voltage output 
devices and usually require a balanced power 
supply. But the 1C industry has definitely 
not stopped there. There are amplifiers with 
high slew rate outputs (531), Darlington 
transistor inputs (LM316), FET inputs 
(536), single supply requirements (LM324 - 


with the inputs can turn 
this into a voltage amplifier if that is 
necessary. Positive features of this device 
(according to National Semiconductor) 
include its ability to operate with either 
single or bipolar supplies, a large output 
voltage swing, a fairly wide bandwidth even 
with internal compensation and its low cost 
(there are four amplifiers to a package for 
less than 601). 

A few typical applications are shown in 
Fig. 13. For more information contact 


National Semiconductor 3 . Their data sheet 
includes several pages of applications for this 
device. The spec sheet says these devices are 
desisted primarily to produce ac amplifiers, 
RC active filters, low frequency waveform 
generators, tachometers, or low frequency, 
high voltage logic elements. Try your hand 
at some of them or adapt some regular op 
amp circuits. Remember, this device can also 
be treated as a perfect amplifier except that 
the inputs are controlled by current, not by 
voltage as in a normal op amp. 

In this article I’ve tried to give a broad 
outline of the whys and wherefores of 
operational amplifiers. While this is nowhere 
near all there is to say about op amps, it is 
hoped that those triangular symbols are now 
less of a mystery. Go through this magazine 
and see if you can analyze the operation of 
any op amps used in other articles (my luck, 
this is an antenna issue or something). For 
more information Motorola'* publishes 
several application notes: AN-204 - "High 
performance Integrated Operational Ampli¬ 
fiers,” AN439 - "MCI539 Op Amp and its 
Applications,” and AN-522 - "The MCI556 
Operational Amplifier.” If you have access 
to a technical library, Burr-Brown (a well 
established op amp manufacturer) publishes 
a book (Operational Amplifiers) that con¬ 
tains all the information you would want. 
Manufacturers' spec sheets will also contain 
a great deal of information. The more 
information you have and use (and hope¬ 
fully this article was of some help), the less 
mysterious those “triangle things” can 
become. ■ 


Williams, "Active Filter Design and Use. Pt. Ill," 
73 Magazine, Sept. 1972, p. 76. 

3 Olsen, “Build This Amazing Function Gener¬ 
ator." 73 Magazine. Aug. 1975, p. 121. 

3 National Semiconductor. 2900 Semiconductor 
Drive, Santa Clara CA 95051. 

A Motorola Semiconductor Products, PO Box 
20924. Phoenix AZ 85036. 



Fig. 13. LM3900 circuits, (a) Voltage comparator, (b) Non-inverting DC amp; 
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Fig. J. Base station running manual patch. 
Keyword "OVER" triggers switching 
between transmit and receive. 
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Fig. 2. Base station running manual-VOX 
patch. Telephone audio controls transmitter , 
sporadic noise causes false keying at "A” 
and hesitation causes premature dropout at 
"B." 
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Fig. 3. Base station equipped with auto- 
manual patch. Called party transmits two 
control tones - one to start the transmitter 
("J"), and another to stop transmitting 

m 


P hone patches have been popular for 
many years, and the advent of repeater 
systems spawned a new age of phone-in-the- 
car enthusiasts. Many VHF and UHF 
repeaters have automatic telephone patches, 

i.e,, autopatches. The telephone service is an 
easily added system feature and renders 
hours of enjoyment and a potential for 
substantial public service. 

There are those among us who have 
become so fascinated with the autopatches 
that they are an end in themselves. That is, 
the underlying motivation for building a 
repeater is the promise of mobile telephone 
service. We all know about not being allowed 
to use these systems for commercial pur¬ 
poses, but there are many non-commercial 
applications that arc both fun and of signifi¬ 
cant public service. Applications range from 
receiving shopping lists from home to 
reporting traffic mishaps, fallen power lines, 

The conventional autopatches, so fre¬ 
quently an integral part of repeaters, are 
characteristically half-duplex devices. This 
means you can either talk or listen, but not 
both at the same lime. The common HF 
phone patches are typical of this mode of 
communication. For a full-duplex patch you 
would need to simultaneously receive and 
transmit. This would require the mobile 


- - automatic single frequency patch 


transmitter and receiver to be operating at 
the same time. For most amateurs, this 
would pose significant technical problems, 
not the least of which would include an 
additional antenna or some type of diplexer 
to use a single mobile antenna. The tele¬ 
phone company has already perfected this 
mode of operation. Of course, the full- 
duplex approach uses two radio frequencies 
(one for transmit and one for receive) and 
provides “realistic" telephone service - you 
can do all the things characteristic of tele¬ 
phone conversations - butt in, insert lots of 
"uh-huhs,” etc! 

For casual amateur purposes, it may not 
be necessary or practical to worry about 
full-duplex service. But if half-duplex service 
is adequate, then why utilize two valuable 
radio channels? Why not use repeaters to 
extend the range of reliable communications 
and single frequency telephone systems to 
provide half-duplex telephone service? At 
least this is a nice technical thing to think 
about even if telephone-only systems might 
cause the FCC to experience a new set of 
amateur problems. After all, what is a fully 
automatic base station that renders tele¬ 
phone service? It's certainly not a repeater 
for it doesn’t repeat. It’s not a remote base 
for it never functions as a base for the 
mobile user - or does it? Well, anyway, let’s 
continue the technical considerations. 

Types of Single Frequency Phone Patch 
Systems 

Several types of single frequency phone 


patch systems can be considered and then 
discussed in turn: 

1. Manual phone patch 

2. Manual-VOX phone patch 

3. Automanual phone patch 

4. Autovox phone patch 

5. Time division phone patch 

The following discussion will demonstrate 
that all of these systems are practical and 
that the last three are capable of providing 
fully automatic (autopatch) service on a 
single radio channel. 

Manual Phone Patch 

A manual phone patch is typified by the 
many phone patches operated on the HF 
bands. The phone patch is manually 
attached to the telephone line by the base 
station operator and the transmitting and 
receiving periods are likewise controlled by 
the base station operator. Typically, the 
operator responds to the keyword “OVER" 
which causes him to reverse the transmit/ 
receive mode. If you've ever run such a 
patch for people not speaking your native 
language, you know the confusion that can 
result if you don’t hear "OVER." The 
manual patch provides half-duplex service 
and uses only one radio frequency (assuming 
the two stations are “netted). Fig. 1 shows a 
typical activity sequence. 

Manual-VOX Phone Patch 

The manual-VOX phone patch is a rela¬ 
tively simple extension of the manual patch. 
Again, the base station operator manually 
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attaches the phone patch to the telephone 
line. In this system, a VOX circuit detects 
the telephone party’s speech and in turn, 
keys the transmitter. Again, the keyword 
“OVER" is sometimes valuable to enhance 
coordination between the telephone party 
and the distant radio user. At least in this 
system, the radio operator is not needed to 
accomplish the individual transmit/receive 
actions — a level of automation has been 
accomplished. This patch provides half¬ 
duplex service and uses only one radio 
frequency. Fig. 2 shows a typical activity 
sequence. 

Automanual Phone Patch 

An automanual phone patch does not 
require a base station operator. The phone 
patch is attached to the telephone line upon 
receipt of a command from the radio user. 
The user simply transmits a special audio 
tone which is detected at the base station 
receiver. Once the patch is attached, the 
radio party transmits additional tones which 
are used to accomplish the number dialing 
{previously done by the base station oper¬ 
ator). The base station control circuitry 
causes an identifying tone to be applied to 
the telephone line so that when the called 
party answers he can identify the fact that 
he is receiving a call from a radio user. This 
causes the called party (assuming he's been 
so instructed) to request use of the trans¬ 
mitter by sending a control tone - e.g., 
Touchtone ”1". He likewise marks the end 
of his transmit period with a control 
character - e.g., Touchtone “2”. When the 
telephone call has been completed, the patch 
is disconnected from the telephone line in 
one of two ways: 

1. A circuit detecting the fact that the 
called party has placed his handset “on- 
hook” generates a disconnect signal; or 

2. A control tone is sent by the radio 

This system is semiautomatic — the 
phone patch is attached and released 
without a base station operator intervening. 
However, the switching between transmit 
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Fig. 4. Base station equipped with autovox 
patch. Note how first "What?" isn't trans¬ 
mitted — VOX is inhibited when a carrier is 
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Fig. 5. Time division patch. 


and receive is controlled by the telephone 
party — a less than ideal situation since 
many people called may not be trained or 
equipped to perform this function. If you 
intended to always call telephones manned 
by appropriately trained people and 
equipped for this type of operation, then 
this simple system would render a pseudo¬ 
autopatch service in a reasonable way. It is 
automatic, half-duplex, and uses a single 
frequency. Fig. 3 shows a typical activity 
sequence. 

This system poses very interesting legal 
questions. The typically unlicensed tele¬ 
phone party controls the transmitter via 
special actions — namely transmitting con¬ 
trol tones. Think for a moment about a 
telephone handset equipped with a PTT 
button (such things exist). Now consider a 
“beeper" circuit that generates one audio 
signal when the button is depressed and 
another when the button is released. The 
called party now looks very similar to a 
normal radio operator. Who's really in 
control of the transmitter? At least at times 
it’s probably the telephone party with the 
transceiver functioning as his remote base 
station! Other systems exhibit this same 
problem - the time division patch (to be 
described later) solves this problem. 

Autovox Phone Patch 

An autovox phone patch is the logical 
extension to the automanual phone patch. 
Again, control tones from the radio user are 
used to attach and release the phone patch. 
However, the periods of transmit and receive 
are basically controlled by the telephone 
party's speech. This system allows the radio 
party to render all of the significant control 
functions while enabling the called party to 
initiate the transmit and receive periods 
without needing special equipment or 
instructions. This patch is fully automatic 


and renders half-duplex telephone service on 
a single frequency. Fig. 4 shows a typical 
activity sequence. 

Time Division Phone Patch 

The time division phone patch derives its 
name from the fact that the base station 
control logic divides the transmit time into 
periods of transmission and reception. 
During very brief receive periods that take 
place during interruptions to the normal 
transmit activity, the system receiver is able 
to detect the user’s incident carrier and 
therefore cease transmitting and enter a 
prolonged receive period. This patch intro¬ 
duces additional technical complexities to 
the base station (no changes to mobile users), 
but renders better service in that the radio 



Fig. 6. Fundamental state diagram. 
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STATE SIGNIFICANCE 
0 Idle 

1 Patch attached, base station 

receiving 

2 Patch attached, base station 

Fig. 8. User attaches patch via *, releases via 
#, autorelease via called party hanging up. 
Digit “I" means start transmitting and digit 
"2" means start receiving. 


user is in full control of the system (unlike 
any of the other systems wherein the user is 
at the mercy of the base station operator, a 
telephone user, or a VOX circuit). The time 
division phone patch is fully automatic, 
renders half-duplex telephone service, and 
uses a single frequency while enabling total 
radio party control. Fig. 5 shows a typical 
activity sequence. 

Practical Considerations 

Each of these systems has its strong and 
weak points - some require a base station 
operator, some do not, some require sophis¬ 
ticated control logic and some do not. You 
can't have your cake and eat it too! How¬ 
ever, all of these systems will work. Most of 



STATE SIGNIFICANCE 

0 Idle 

1 Attach patch, key transmitter 
to broadcast dial tone 

2 Receiving dialing information 

3 VOX mode of transmitter 
control 

4 Key transmitter and broadcast 
telephone party's voice 

5 I nhibit transmitter and stay in 


us are quite familiar with the first two 
systems having either built patches, used 
patches, or been served by patches. The 
others are less well known. The automanual 
patch, while relatively Simple, has extremely 
limited usefulness, and so it’s not very 
interesting for general application. The 
autovox patch and time division patch are 
quite workable and worthy of further study. 

State Diagrams 

State diagrams are a popular graphic 
convention used in the fields of electrical 
engineering and computer language pro¬ 
cessing. State diagrams are a helpful aid to 
understanding complex event sequences. 
Following a brief description of state 
diagrams, each of the patch systems will 
be described and discussed using this 
graphic convention. It b then possible to 
build appropriate control circuits to in effect 
“implement" the state diagrams. 

The idea of a "state" needs to be under¬ 
stood before continuing. A state is represen¬ 
tative of a particular condition. For 
example, a 2 digit binary counter has four 
states - 00, 01, 10, 11. The counter can be 
in any one of these "states"; i.e., the 
counter’s “condition" is that it contains 00, 
01, 10 or 11 as the count. A state diagram 
consists of a scries of circles containing 
numbers indicative of a particular state. The 
circles are connected by lines showing what 
stimulus causes a transition from one state 
to another state. Fig. 6 shows a simple state 
diagram that describes the operation of a 



STATE SIGNIFICANCE 

0 Idle 

1 Attach patch, key transmitter 
to broadcast dial tone 

2 Receive dialing instructions 

3 VOX mode of transmitter control 

4 Key transmitter and broadcast 
telephone party's voice 

5 Generate "beep” to i nform user 

6 Receive period to allow user to 
"grab" control 

7 Inhibit transmitter and stay in 

Fig. 9(b). improved autovox system. 


typical mobile transceiver. 

The system has three states — named 
state 0, state 1 and state 2. State 0 is 
characterized by no activity, state 1 is the 
receive state, and state 2 is the transmit 
state. Note that the state diagram shows 
what happens to the system as a function of 
various actions. Note that the amount of 
detail shown is a function of the clarity you 
wish to show. Fig. 7 shows a further 
enhancement of the transceiver state dia¬ 
gram. Note how this completely describes 
the system - there are four states — 0 
through 3 . There are two primary controls: 
the power switch and the PTT button. Both 
of these switches have two positions - ON 
and OFF. A truth table shows these combin¬ 
ations: 

STATE PTT POWER 

0 0 0 0 means switch "off" 

1 0 11 means switch "on" 

3 1 0 


Specific State Diagrams and System Descrip¬ 
tions 

Figs. 8(a), 8(b) and 8(c) show state 
diagrams for the first three phone patch 
systems discussed. Figs. 9(a) through 9(c) 
show state diagrams for an autovox patch. 

Fig, 9(a) describes a very simple autovox 



0 Idle 

1 Attach patch 

2 Key transmitter to broadcast 
dial tone 

3 Accept dialing information 

4 Accept non-toll number 

5 VOX mode of transmitter control 

6 Key tra nsmitter a nd broadcast 
telephone party's voice 

7 Broadcast "beep" tone 

8 Receive period to allow user 

11 System deactivated 

Fig. 9(c). A practical autovox system . 


Fig. 9(a). Simple autovox system. 





STATE SIGNIFICANCE 

0 Idle 

1 Attach patch, key transmitter 

receive mode 

3 Inhibit transmitter, activate 

receiver 

Fig. 10(a). Simple time division patch 
system. 


information — either via a rotary dial or 
Touchlone pad. The user marks the end of 
the dialing activity by sending a *. State 3 is 
a general receive state. If the user transmits a 
signal, the control logic goes to state S where 
voice on the phone line is ignored (the radio 
user has control). If voice is detected during 
state 3, then state 4 is entered and the 
transmitter is keyed to broadcast the tele¬ 
phone party’s voice. When there is no more 
voice present, state 3 is reentered. The 
patch is disconnected when a #is received in 
state 5 - user is in control and transmits a #. 
Note that the user cannot get control when 
the system is in state 4. The base station 
transceiver is not receiving! Several improve¬ 
ments can be made to this system. 

Fig. 9(b) describes a better autovox patch 
system. In this system, three additional 
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Fig. 10(c). A practical time division patch 


patch system. A user transmits a to 
activate the system. The system immediately 
responds by attaching the patch and keying 
the transmitter to broadcast the dial tone. A 
normal VOX circuit would continue to key 
the transmitter due to the presence of the 
dial tone. The control logic includes a five 
second timeout to keep this from happening. 
State 2 is a receive only state and during this 
period the user transmits number dialing 


states have been added to allow the mobile 
an opportunity to gain periodic control. 

If voice persists for 10 seconds (system 
stays in state 4 for 10 seconds), then state S 
is entered. State 5 causes the transmitter to 
be turned on and an "alerting audio tone" is 
applied to the transmitter's input. After 500 
ms of this tone, state 6 is entered for a 
maximum of 1 second. If the mobile user 
keys his transmitter, the resulting carrier will 
cause state 7 to be entered wherein the user 
can talk to the telephone party and/or 
transmit a control character such as # to 
disconnect the patch. This type of control 
logic enables the system to accommodate 
situations such as an over-sensitive VOX 
circuit, a long-winded telephone party, or a 
call to a telephone located in a very noisy 
area. The voice and carrier signals are 
mutually exclusive in that the presence of a 
radio signal causes the voice signal to be 
ignored and a voice signal causes a radio 
signal to be ignored — in fact "missed" since 
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the transmitter is then on and the receiver is 
then off. 

Additional improvements can be made 
through the addition of timers and escape 
paths. Fig. 9(c) shows the state diagram of a 
good, workable autovox patch system. (This 
logic has been fully implemented using T 2 L 
logic to control a 2 meter autovox system.) 
Several significant features have been added 
to the system shown in Fig. 9(b). A minor 
improvement consists of introducing a state 
to keep the autopatch system from QRMing 
the user at start-up time (state 2 is not 
entered until the carrier that presented the * 
has ceased). States arc also included to 
"block” toll calls. When the dialing state is 
entered (state 3), an initial 0 or 1 will abort 
the control sequence. Note also that the 
system only provides 10 seconds for the first 
valid digit. The user may also deliberately 
abort the control sequence by sending a #. It 
is thus possible to "test” the system by 
transmitting a * and then a #. Receipt of a 
valid first digit (2, 3, 4, 5, 6, 7, 8 or 9) 
causes state 4 to be entered. In this state the 
additional digits composing the telephone 
number are "dialed." If an error is made, a # 
may be used to exit the control sequence. If 
the user is too slow, or if his signal fades out, 
a 10 second timer aborts the control 
sequence. The end of dialing information is 
indicated by the user transmitting a * which 
moves control to state 5, States 5, 6, 7, 8 
and 9 function the same as states 3, 4, 5, 6 
and 7 in Fig. 9(b). State 10 is added to serve 
as a terminal state which initiates an identifi¬ 
cation sequence. In fact, in the actual 
implementation, an identification sequence 
was initiated upon entry into state 3, at 
periodic intervals during use, and upon entry 
into state 10. State 11 can be entered by 
sending a “D” to "kill" the system — 
theoretically "pulling the plug." The 1 
minute timer associated with state 5 causes 
the system to abort if there is no activity for 
a period of 1 minute — no activity being no 
signal received and no voice on the tele¬ 
phone line. In addition, a call length timer is 
associated with the system being in any stale 
other than state 0; to allow for longer 
telephone calls, the user can reset this timer 
by sending a "D" character. 

There are two significant weaknesses in 
the autovox patch system. First, the radio 
user can only grab control in particular 
stales - 5 and 8 in Fig. 9(c). This limits the 
user's ability to inhibit a runaway system or 
censor an over-excited telephone user. The 
second weakness is in the use of a VOX 
circuit. Reliable VOX circuits are a rarity 
unless they become rather sophisticated elec¬ 
tronically. On the other hand, the system is 
fully automatic, uses only a single fre¬ 
quency, and provides reliable service when 
properly adjusted. 

Fig. 10(a) describes a simple time 
division patch system. While the state 
diagram is simple, the system is quite 
impressive in terms of its operational charac¬ 
teristics. Upon receipt of the access control 





character, a *, the system attaches the patch. 
The transmitter is keyed whenever the 
system is in state 1. For the sake of 
simplifying the discussion, assume for the 
moment that a carrier is not received. In this 
situation, state 3 is entered after the system 
has been in state 1 for 990 ms. State 3 is left 
after 10 ms. The system thus cycles between 
states 1 and 3 — staying in state 1 most of 
the time - in fact 99% of the time. (Note: 
Time is divided between transmitting and 
receiving — thus the term time division.) In 
state 1, the patch is attached and the 
transmitter is keyed; in state 3 the receiver is 
on and the transmitter is off. Consequently 
99% of the telephone party’s audio signal 
will be transmitted. Now, consider the effect 
of an incident carrier. If a signal is detected 
during the 10 ms time period that the 
receiver is active (via state 3), then state 2 is 
entered and the receiver remains activated 
(and the transmitter disabled) until the 
incident signal ceases, thereby causing state 1 
to be entered. Since the receive state is 
entered approximately once every second, 
the average time needed for the system to 
detect a mobile user's signal is Vi second. 
From the user’s point of view, this means 
that when he starts to transmit, his voice will 
be heard on the phone line within a maxi¬ 
mum of 1 second — !4 second on the 
average. Actually, his signal will be detected 
within 0 to 990 ms; sometimes it will be 
detected immediately, other times not 
nearly so quickly. 

The radio user will not receive all of the 
telephone audio — only 99% of it. Careful 
studies have been made to determine the 
effect of "missing audio” on the listener’s 
ability to understand the information being 
transmitted. There are three principle 
factors: 

1. Flow often the signal is interrupted; 

2. Flow long the interruption lasts; 

3. What replaces the missing signal. 

Fig. 10(b) summarizes the author’s sub¬ 
jective evaluation of an experiment per¬ 
formed by Chuck Fenwick W0FTM. The 
interruption rate and interrupt duration 
were varied while the same speaker read the 
same text at the same rate. The missing 
sections were replaced with silence. 

In an operational time division autopatch 
system, the missing information would 
probably not be replaced with a zero signal. 
If VHF-FM is used, the lack of a signal 
produces a hissing sound; if AM is used, the 
lack of a signal is generally quiet, blit 
certainly not totally quiet; other modes 
would have other characteristics. 

Several practical considerations must be 
made in a time division patch system. The 
frequency of entering the receive state and 
the duration within the receive state must be 
carefully chosen. Ideally, you want to enter 
the receive state frequently and stay as short 
a time as possible. Entering frequently 
enables the user to gain access quickly; 
staying a short time minimizes the loss of 
information transmitted from the phone line 



Fig. II. Control logic. 

due to the deactivated transmitter. A prac¬ 
tical limit results from the inability to stop 
transmitting instantly and start receiving 
instantly. Even if this were possible, the 
speed of the carrier detection circuit must be 
considered. The operation is smooth when 
the frequency of interruption is a second or 
less and the duration is limited to a few 
milliseconds. 

Fig. 10(c) describes a practical time 
division patch system which I have built and 
operated. The patch is activated by the * 
character or a depression of switch SW1. The 
system is deactivated by the #, or a 1 minute 
timeout (no carrier for 1 minute), or a 
depression of switch SW2. 

An Operational Autovox System on 2 Meter 
FM 

The autovox system described in Fig. 9(c) 
was implemented on a series of circuit cards 
using surplus T 2 L logic components. One 
significant comment can be made about the 
implementation: It could have been better! 
The initial temptation is to view each state 
on the state diagram as a memory element — 
i.e., a flip flop. This approach results in 12 
flip flops — one for each of the states 0-11. 
However, each flip flop has two states — 
either set or reset. If there are twelve flip 
flops, each of which can have two states, the 
system can theoretically assume any one of 
2 11 states! (Two flip flops can assume four 
states — 00, 01, 10 and 11, three flip flops 
can assume eight states, and twelve flip flops 
can assume 4096 states!) But, out of these, 


only twelve states are valid. A better imple¬ 
mentation can be made by using a four-bit 
counter which can assume 16 states — 0 
through 15. The logic that one builds then in 
effect says, “If the counter’s value is V and 
action A occurs, then set the counter to M.” 
Simple logic can detect the illegal states 
(entered perhaps via a noise pulse) and cause 
the counter to be set to some specific value. 
The counter’s value is then indicative of the 
system’s state. The counter is set to a 
particular value (system slate) in response to 
detecting particular conditions in conjunc¬ 
tion with a specific counter value. Fig. 12 
shows in a general block diagram manner 
how logic for Fig. 9(a) would be imple¬ 
mented. Figs. 13(a) and 13(b) illustrate two 
approaches to implementing the set logic 
and state counter (actually a register). Fig. 
13(b) is preferred since it isolates the setting 
logic from the state register itself. The 
practical implementation did not follow 
these guidelines but was a piecemeal project 
built up as a series of small logic modules. 
The actual logic details are not ail that 
important, providing that the state diagram 
is faithfully implemented in the hardware. 

A system diagram is shown in Fig. 14 to 
illustrate the component parts of the system 
- above and beyond the control logic. 

While the heart of the system is the 
control logic, the most sensitive component 
is the VOX unit. The VOX unit employed 
was an adaptation of the solid state unit 
appearing in the 1972 edition of the ARRL 
Handbook. Minor modifications were made 
in the anti-VOX circuit to adapt its opera¬ 
tion to this application. 

The most difficult problem that had to be 
overcome was false tripping of the VOX 
circuit each time the transceiver (a Motorola 
W43GGV) switched from transmit to 
receive. The problem caused cycling — the 
unit would switch from transmit to receive 
to transmit to receive, etc. The problem was 
traced to the fact that dc microphone bias 
was being switched on and off. Removing 



autovox system logic. 
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Figs. 13(a) and 13(b) illustrate two ways to 


the bias circuit, intended for carbon micro¬ 
phones, cured the problem. 

The VOX circuit should have fast attack 
and slow release to be most effective. 
Employing some age ahead of the VOX unit 
can be helpful in accommodating various 
speaking levels and telephone circuit condi¬ 
tions. The most serious operational charac¬ 
teristic occurs when the telephone party 
responds to questions too quickly, resulting 
in a missed or partial transmission — the 
result of the VOX attack time and trans¬ 
mitter keying time. The same problem 
occurs on conventional two frequency auto¬ 
patch systems as well when the telephone 
party responds before the mobile user has 
had time to switch from transmit to receive. 

The autovox patch is easy to use andean 
render service if a good VOX circuit is 
employed. The system's primary weaknesses 
include the variability inherent to VOX 
circuits and the fact that the mobile user 
doesn't have absolute control of the system 
(he must wait to grab control). 

An Operational Time Division Autopatch on 
27 MHz AM 

To help in the investigation of a time 
division autopatch, the control logic shown 
in Fig. 11 was constructed using T 2 L com¬ 
ponents derived from discarded computer 
circuit boards. Flip flop XA9 is the mode 
control flip flop and is representative of 
stale 1. This flip flop is set either by a 
push-button switch, SW1, or upon receipt of 
the * character (tone detector outputs H3 
and L|); it is reset by a push-button switch, 
SW2, upon expiration (momentary logic 0) 
of the 1 minute timer, or upon receipt of the 
# character (tone detector outputs Hi and 

Li)- 

The sampling process, i.e., looking for an 
incident signal, is accomplished by use of a 
2-bit binary counter. The sampling process is 
actually sub-divided into four periods. Fig. 
15 shows the actual sampling process. A 
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implement the set logic and state counter. 


unijunction timer is used to determine how 
frequently this process is performed - in the 
experimental system, several time periods 
were switch selectable between approxi¬ 
mately two times per second and once every 
five seconds (the basic timer circuit is shown 
in Fig. 16). The rate at which the 2-bit 
counter was cycled was controlled by a 
separate U)T clock circuit controlled by a 
variable resistor to provide widely variable 
sample durations. Fig. 11 shows the fre¬ 
quency control timer as T] and the sample 
clock as T2- The flip flop composed of gates 
XA13-3 and XAI3-4 is representative of 
state 3. The flip flop composed of gates 
XA1S-3 and XA15-4 is representative of 
state 2. Gates XA12-1 and XA12-2 decode 
the counter to determine when the receiver 
should be enabled. Gate XA12-2 decodes the 
second "receiver-on” period and thus gen¬ 
erates the "SAMPLE” signal as well. 

Gate XA11-1 produces an enable for the 
receiver under four conditions: 

1. Sample period 1 or 2; 

2. Carrier present on input; 

3. Patch off; 

4. Local mode and PTT button not 
pressed (gates XA10-2 and XA10-3). 

Gate XA15-2 causes the flip flop com¬ 
posed of gates XA15-3and XA15-4 to be set 
when a carrier is detected during the sample 
period. Gates XA11-2 and XA14-2 compose 
the transmitter keying logic - providing an 
enable under two conditions: 

1. Local mode and PTT button pressed; 

2. No sampling in progress and no 
incident carrier. 

This logic was interfaced with modified 
Radio Shack Model TRC-4 100 mW CB 
transceivers that were interconnected with a 
simple phone patch. Reliable operation was 
obtained while wandering around the house 
carrying an unmodified TRC-4. For sim¬ 
plicity, one transceiver was used as the 
receiver and the other one, with PTT button 
wedged “on”, was used as the transmitter. 


Lots of experimental work was done to get 
reasonable response times. The transmitter 
was not modified - simply keyed on and off 
with a transistor switch in the power lead. 
The receiver required modification in the age 
circuit to speed it up. Because of capacitor 
charge conditions, the receiver came on most 
insensitive and gradually increased its sensi¬ 
tivity. A transistor switch was added to 
remove the capacitor until a signal was 
detected and then replace it to control the 
amplification process and reduce distortion. 
A carrier detector was added to produce a dc 
voltage when a signal was detected. This 
signal was in turn amplified by op amps, 
passed through a Schmitt trigger, then to a 
monostable, for delayed dropout. The 
output of the monostable was the signal 
named CARRIER appearing in Fig. 11. This 
simple account over-simplifies the matter 
somewhat because receiver sensitivity was 
still somewhat deficient. This may have 
resulted from transmitter turn-off problems. 
Having no equipment other than a VOM, it 
was difficult to really study what was 
happening. Adequate equipment and a 
better electronic engineer could have no 
doubt worked wonders! But, the circuit did 
work — so well, in fact that on several 
occasions, I talked with my father over long 
distance circuits and he was totally unaware 
of the radio system’s operation. 

The radio party hears a "tick" each time 
the base station ceases transmission to look 
for a carrier; the telephone party hears only 
the received audio since audio gating is 
enabled only when a signal is present. 

)ust for the sake of proving it could be 
done, the control unit was connected to a 
stock Motorola W43GGV tube-type trans¬ 
ceiver. By making the sample period very 
long, even a unit with PTT relays worked 
acceptably. While this is certainly not recom¬ 
mended, it would be interesting to attach a 
fully solid state unit employing solid state 
antenna and power switching (such as the 
Varitronics IC-2F). A suitably designed 
transceiver could no doubt vastly improve 
overall system performance by rapidly 
getting the transmitter squelched and the 



Fig. 14. Component parts of a practical 
autovox system. 







SAMPLE PERIOD 

COUNTER VALUE ACTION 


2 Check for carrier 

Fig, 1 5. Detailed carrier sampling process. 

receiver up to maximum sensitivity. 

The time division autopatch has many 
significant positive characteristics: 

1. It is Fully automatic; 

2. Control is in the hands of the radio 
parly; 

3. It uses a single frequency; 

4. It uses a single antenna with no need 
for a diplexer; 

5. It requires no special phone line 
quality or telephone party conduct. 

It also exhibits one significant negative 
characteristic - the base station must be 



Fig, 16. Basic timer circuit. 

able to switch from transmit to receive very 
quickly. 

Conclusions 

All of this thinking and work with single 
frequency autopatches came about because 
one Florida amateur, after reviewing my 
repeater system equipped with an aulopatch, 
said to me, “It's too bad you can't build a 
single frequency autopatch." To Hank Bach, 
I say “Thank You." The thinking and 
researching have been rewarding. Maybe one 
of these autopatches, perhaps the time 
division autopatch, will be just what is 
needed to provide reliable half-duplex tele¬ 
phone service on a single frequency to 
thousands of mobiles already equipped with 
various types of standard transceivers. 


Legality Considerations 

The FCC's revised repeater rules are 
known to us all. This experimental system 
was designed to be fully automatic and 
reliable so that the need lor a base station 
operator could be totally eliminated, while 
at the same time it halved the amount of fre¬ 
quency spectrum used (compared to conven¬ 
tional autopatch systems). The FCC has 
taken a dim view of "telephone only” 
repeaters, yet many repeaters exist mainly to 
support everyday telephone communica¬ 
tions. So far as I know, a system such as the 
automatic VOX patch might be legal for the 
land mobile service although not for the 
amateur service. My interest has been in 
advancing the technology - not quibbling 
over rules and regulations. My goal has been 
met it would, however, be enjoyable and 
encouraging to learn that the operation of 
such a telephone system for strictly non¬ 
commercial purposes and emergency com¬ 
munications was in fact permissible. There 
arc many times each week that I would like 
to make a personal phone call to check on 
the family "milk" needs, and at the same 
lime prove that the system is ready to render 
valuable community service in the event of 
an emergency. We can only hope that the 
FCC will recognize the merits of systems 
such as this one. Can you imagine the 
potential impact of a national single fre¬ 
quency autopatch system? In the meantime, 
10-4 y’all! ■ 
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Two Finger Arithmetic 

-- how computers figure 





T he first caveman, when 
he learned how to count 
on his fingers, gave us the 
decimal number system 
which we use today. While 
this number system is second 
nature to us, it is not the only 
number system with which 
we come into contact every 
day. Timekeeping, for 
example, uses a unique num¬ 
bering system which is based 
on the numbers 60 and 24. 
There are 60 seconds in a 
minute, 60 minutes in an 
hour, and 24 hours in a day. 
And of course, the English 
have blessed us with unique 
number systems for weights 
and measures — who can 
forget that 4 gills = 1 pint, 2 
pints = 1 quart, and 4 quarts 
= 1 gallon? If you stop to 
think about it, you can see 
that we are involved with 
many number systems other 
than the decimal system. 

The advent of the com¬ 
puter age has ushered in an 
additional number system, 
the binary system based on 
the number two. This system 
has come into common use 
since digital computers can 
represent information in one 
of two states - “on” and 
"off.” These two states are 
called "binary” states and are 
the basis for the binary 
system which we use in 
digital computers. 

Man commonly works 
with the decimal system, 
computers operate with the 
binary system, and the 
obvious questions are "How 
do we get from one system to 
the other?” And, "How do I 
represent information in a 
computer?” This article 
answers these questions and 
in addition explains how to 
do simple arithmetic in the 
binary system. 

The Decimal System 

We are constantly thinking 
numbers, adding numbers, 
and writing down numbers; 
but, do we really have an 
understanding of what we are 
doing? When we write down a 
number such as the number 
3187, what does it really 
mean? 


All numbers are made up 
of a series of digits. A number 
can have as few as 1 digit and 
is not limited to any maxi¬ 
mum number of digits. In the 
decimal system, each place 
occupied by a digit has a 
power of ten associated with 
that place. For example, in 
the number 3187, we have 
four places. The powers of 10 
associated with the four 
places are as follows: 

digit 3 18 7 

power of 10 10 3 10 2 10 1 10° 

The number 3187 could 
be written as the following 
sum: 

3187 = 

3x10 2 + 1 xIO 2 + 8x10l +7x10° 
and if we remember our basic 
mathematics we will recall 
that 

103=10x10x10=1000 
10 2 =10x10=100 
101=10 
10*3=1 

(By definition, any number to the 
zero power = 1.) 

When we write the number 
3187 we are saying that we 
have 3 thousands plus 1 hun¬ 
dred plus 8 tens plus seven 
units (or ones). Similarly, 
larger numbers such as 
5197283 may be represented 
as 

5x10® +1x10® + 9x10^ + 
7x103 + 2x10 2 + 8x10l + 
3x10° 

The Binary System 

Computers operate with 
the binary system because 
each digit can have only one 
of two states — “on” and 
“off.” Numbers are repre¬ 
sented in a computer by a 
string of binary digits called 
“bits." Consider a number 
represented by 4 binary digits 
(bits) when off = 0 and on = 
1. Four lights may be used to 
display the “on” and "off," 
or one and zero respectively: 

— © on © © 

numeically 1x21 + 0x22 + 1x21+1x20 


We know that 


23 = 8 2’ = 2 
2 2 = 4 2°=1 

Our number represented by 
the lights above would be 

1x8+ 0x4 + 1x2+1 = 11 -go 

Instead of actually writing 
down lights to indicate the 
“on” and “off” states, we use 
the binary numerals 0 and 1. 
Thus in base 2 our number is 
written as 10112- If it is very 
clear that you are working 
with binary numbers, you 
may omit the subscript 2. 

Conversion from Decimal to 
Any Base 

Conversions from a given 
base to the decimal system 
can be made by expanding a 
number to the powers of its 
base (as shown in the pre¬ 
vious section). But, how do 
we take a decimal number 
and convert that number to 
another base? The technique 
used for this type of conver¬ 
sion is the technique of 
successive remainders. As an 
example, convert the decimal 
value 43 to base two: 

21 

2 ITT 

42 


10 

2 | 21 

- 22 . 

remainder 1 


2 rnr 

10 

remainder 0 


2 

2 nr 

4 


is the 

multiplier for 
2 0 


multiplier for 
2’ 


is the 

multiplier for 
2 2 


is the 

multiplier for 

23 


2 r ~ 

2 

remainder 0 is the 



2 11 (doesn't go) 



Our number expressed as 
powers of two is 1 x2$ + 0x2^ 
+ 1x23 + 0x22 + 1x21 + 
1x20 or 1010112- Checking 
ourselves and converting back 
to decimal, 1x25 + 0x2^ + 
1x23 + 0x22 + j x 2l + 1x20 
= 32 +0 + 8 + 0+ 2 + 1= 43. 

Binary Arithmetic 

Arithmetic in the base two 
is very simple. You don’t 
have to remember a lot of 
arithmetic facts; all you have 
to remember is zero + zero = 
zero, one + zero = one, and 
one + one = ten. As an 
example: 


10 0 1 

0 +1 +0 +1 

1 i o 10 


With binary arithmetic, when¬ 
ever two or more ones appear 
in a column to be added there 
will be at least one carry bit 
added to the next left digit. 
For example, in adding 


+ 1 right digit + 1 

To" 

carry bit_ 4 


we get 


0 100 

Storing Numbers in a Com¬ 
puter 

When we talk about num¬ 
bers stored in a computer, we 
don’t normally speak of them 
in terms of bits (binary 
digits); we usually speak of 
them in terms of bytes or 

85 Si 




words. A byte by definition is 
a collection of sequential bits. 
A byte can be any number of 
bits but is most commonly 8 
sequential bits. A computer 
word is a collection of bytes 
and is defined as the number 
of bytes pointed to by one 
addressing operation in a 
computer. Words and bytes 
tell us about the organization 
of the computer. As an 
example, assume the standard 
definition of byte, where 
byte = 8 bits: 

The XDS Sigma 6 
computer is a “32 bit” 
computer; it has 32 bits 
per word. 32/8 = 4, 
thus there are 4 bytes 
per word. 

The DEC PDP 11 
series of computers 
have “16 bits” per 
word. It has two bytes 
per word. 

The INTEL 8080 
microprocessor is an 8 
bit microprocessor; it 
has 8 bits per word. 
Thus it has one byte 
per word. 

The term byte is used very 
frequently as the definition 
for a unit of information. 
Alphanumeric characters 
(letters, punctuation, print¬ 
able characters, etc.) are 
usually stored in coded form 
in “one byte.” 

Numbers written on paper 
are stored in visual form and 
for all practical purposes 
there is no limit to the size of 
the number on paper. In a 
computer, there are limits set, 
due to the "word size” and 
due to the arithmetic capa¬ 
bilities of the computer. In 
large scale computers, it is 
possible to work with very 
large numbers such as those 
which can be represented in 
64 bits or more. In micropro¬ 
cessors, however, the limit is 
very small, usually being 8 
bits but in some cases being 4 
bits. The arithmetic capa¬ 
bility that we are talking 
about is the type of arith¬ 
metic which can be per¬ 
formed in one computer 
instruction. It is possible to 
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string instructions together 
and thus handle larger num¬ 
bers. This is usually done by 
“software.” 

Computer Arithmetic 

As previously mentioned, 
computers have limits set on 
their arithmetic capabilities. 
They cannot in a single 
instruction perform simple 
arithmetic on all size 
numbers; they are limited to 
performing arithmetic on 
some given number of bits. 
Because of these limitations, 
computer arithmetic is some¬ 
what different from binary 
arithmetic. Computer arith¬ 
metic is binary arithmetic 
within limits. 

A typical microprocessor, 
such as the Intel 8080, has 8 
bit arithmetic capability. It 
can perform arithmetic on 8 
bit numbers. It cannot in a 
single instruction operate on 
a 32 bit number. 

The largest number that 
can be expressed in “8 bit 
arithmetic” can be deter¬ 
mined as follows: Consider an 
eight bit binary number such 
as 111111112, all one bits in 
the eight bits. The number 
can be expanded as 1x2? + 
1x26 + 1x25 + 1x24 + 1x23 
+ 1x22 + 1x21 +1x20, which 
is the same as 128 + 64 + 32 
+ 16 +8 +4 + 2 + 1 =255io. 

This is the largest number 
that can be stored in a single 
8 bit word (or byte) and also 
the largest sum that can be 
accumulated from the addi¬ 
tion of two numbers. We can 
add 250io + 5i0 and get a 
sum of 255, but we cannot 
add 250] o and 610 to give 
256io, since that sum is 
beyond the arithmetic capa¬ 
bilities of 8 bit arithmetic. Of 
course this arithmetic restric¬ 
tion only applies to a com¬ 
puter with 8 bit arithmetic. If 
the computer used 4 bit arith¬ 
metic or 32 bit arithmetic, 
then the actual largest num¬ 
ber would be different. In a 
four bit arithmetic micropro¬ 
cessor, the largest number 
would be 11112 = 1x2^ + 
1x22 + 1x21 +1x20 = 15. 

In order to simplify the 


examples, all discussion in 
this section will pertain to a 
microprocessor or computer 
with 8 bit arithmetic capa¬ 
bility. 

If our microprocessor can 
handle eight bit arithmetic 
and can also store sums up to 
255, then what is to prevent 
us from attempting to add 
two numbers that will pro¬ 
duce a sum greater than 255? 
The computer doesn’t know 
what the sum will be before 
the addition, so we can at 
least make an attempt. The 
answer is, “Yes, you can 
instruct the computer to per¬ 
form the addition, but the 
results will be wrong.” An 
overflow condition will 
result. The storage capa¬ 
bilities and the arithmetic 
capabilities of 8 bit arith¬ 
metic will be exceeded. What 
happens is analagous to trying 
to pour 3 quarts of water and 
4 quarts of water into a five 
quart container. The con¬ 
tainer will overflow. 

Subtraction and Negative 
Numbers 

Most microprocessors 
available today have subtrac¬ 
tion capabilities; however, the 
microprocessor user may or 
may not wish to use those 
subtraction capabilities, 
depending on the capabilities 
available. The user may wish 
to "complement” the number 
to be subtracted and then 
perform an addition, so that 
the arithmetic techniques 
may be simplified. Two types 
of computer arithmetic will 
be discussed in this article — 
ones complement arithmetic 
and twos complement arith¬ 
metic. 

Both negative numbers 
and subtraction are used in a 
computer, but not necessarily 
in the same manner as with 
pencil and paper. In order to 
indicate a negative, instead of 
writing down a minus sign on 
paper a “sign bit” is set to 
“one" somewhere in the com¬ 
puter. This “sign bit” may be 
stored in a word by itself or it 
may be stored in the same 
word in which the number is 


stored. Most commonly, the 
“sign bit,” which indicates a 
negative number, is stored 
with the number itself in the 
leftmost bit position of the 
word. In an eight bit word, 
the sign bit would be as 
shown: 

Sign bit ©x x x x x x x 

In a sixteen bit word the 
sign bit would still be the 
leftmost bit as: 



If the sign bit is a “0”, then 
the number stored in the 
word is positive. If the sign 
bit is a “1", then the number 
stored in the word is negative. 

The maximum range of 
numbers which can be repre¬ 
sented in an eight bit com¬ 
puter would be as follows: 


Sign bit 

1 

0 1111111 ” 127io 
(Most positive value) 
01111110 = 126iq 


00000010=2 
00000001 - 1 


00000000 = ZERO 


11111111 = -1 
11111110 = -2 


1 0000001 - -127,0 
1 0000000 - -128,0 
(Most negative value) 

In an 8 bit word we have 
defined one bit as the sign 
bit, leaving 7 bits for the 
data. This means that the 
largest number including sign 
that can be stored in an 8 bit 
word is 127j0- This puts a 
further restriction on arith¬ 
metic operations as can be 
seen by the example, 64 + 64. 

64 in binary = 01000000 
+64 = 01000000 

10000000 





By definition, we now have a 
negative number! We have 
changed the sign of our num¬ 
ber. As can be seen, the right 
combination of numbers 
added together will not pro¬ 
duce overflow, but will 
change the sign. Thus, it is 
also important to test to see 
if the sign is changed when 
performing addition on num¬ 
bers of like sign. If the sign 
has changed, the 7 bit capa¬ 
bility has been exceeded. 

In computer logic, it is 
easy to complement a word 
such that all ones become 
zeros and all zeros become 
ones. This capability is 
usually a standard feature 
within the arithmetic-logical 
unit of a microprocessor. The 
complement of the eight bit 
binary number 01001101 
would be 10110010. The 
number 3 represented in 8 
bits is 00000011, and the 
complement of three would 
then be 11111100. This type 
of complement where zeros 
are exchanged for ones and 
ones are exchanged for zeros 
is called "ones complement." 

By complementing a num¬ 
ber using the “ones comple¬ 


ment,” we have placed a 1 bit 
or a sign bit in the leftmost 
bit of the word, indicating 
that the number stored in the 
word is a negative number. A 
typical ALU will complement 
a word internally, and then 
perform addition in order to 
effect subtraction. This might 
happen as follows, for the 
operation 7-4: 


The ones complement of 4 
(negative 4) = 11111011. 
Adding the two together, 


But the answer is off by one 
and overflow has occurred. 
We got an answer of 2; the 
answer should have been 
three. This is the shortcoming 
of ones complement arith¬ 
metic, and is the reason all 
modern computers use twos 
complement for arithmetic 
operations and representing 
negative numbers. 


Twos Complement 
Arithmetic 

Twos complement arith¬ 
metic operations can be 
found in all present-day com¬ 
puters, from the lowly 4 bit 
microprocessor all the way up 
to the giant large scale 
systems. The reasons will 
become evident as we go on 
and see how effectively nega¬ 
tive numbers can be repre¬ 
sented in this form. 

To find the twos comple¬ 
ment of a number, take the 
ones complement of the 
number and add 7. For 
example, find the twos com¬ 
plement of 6: 


This value (11111010) repre¬ 
sents a negative six. There¬ 
fore, we can say that when 
we take the twos complement 
of a positive number we are 
changing it to a negative 
value. To best illustrate that 
this value is in fact a negative 
six, let us increment it six 


A carry is produced, but is 
discarded. The sign (most sig¬ 
nificant bit) is zero, indi¬ 
cating the result is positive. 















Summing, 

3 in binary » 00000011 

complement of 4 = 11111100 


The result is negative one in 
twos complement (no carry 
produced), 

In twos complement arith¬ 
metic, the addition of two 
numbers of opposite sign will 
always produce the correct 
result. It may or may not 
produce a carry. The carry or 
overflow may be ignored. 

Notice that, in both ones 
complement arithmetic and 
twos complement arithmetic, 
addition stays the same. The 
only thing that is changed is 
the way in which the comple¬ 
ment is taken in order to 
effect subtraction. Some 
ALUs will compensate auto¬ 
matically for subtraction in 
ones complement arithmetic, 
while some won’t. 

In twos complement arith¬ 
metic, the programmer 
should test for overflow. In 
any addition of like signed 
numbers where there is a 
possibility that the maximum 
sum could be exceeded, a test 
must be made for overflow. If 
the test is not made, there is a 
danger that erroneous results 
could occur and that the user 
might not be aware of that 
fact. In reality, any addition 
could produce overflow. 
While the user may never 
expect overflow to occur, if 
his data were erroneous, then 
an erroneous sum could 
result. By making the test for 
overflow under all conditions, 
those errors "which couldn’t 
possibly happen" would be 
detected. 

All of the examples given 
here used 8 bit arithmetic to 
simplify the examples, but 
the principles and concepts 
discussed hold true regardless 
of the arithmetic word length 
used. On a 32 bit machine, 
larger numbers can be 
handled, but the test for 
overflow (carry) and change 
of sign must still be made. 


Arithmetic Software 

Binary arithmetic within a 
computer is not difficult or 
mysterious; however, care 
must be given to making sure 
that the results obtained from 
an arithmetic operation are 
correct. The care required can 
add additional steps to a pro¬ 
gram and can conceivably 
make a simple problem into a 
lot of work. One way in 
which some of the work can 
be eliminated is to choose a 
microprocessor which pro¬ 
vides an automatic "hard¬ 
ware” scheme for testing for 
overflow or change of sign. 
Another solution is to choose 
a microprocessor which pro¬ 
vides the same capabilities by 
software. Software in this 
case is a program furnished 
by the manufacturer to do 
the proper testing for you. 
This software may also offer 
the capability to work with 
16 or 32 bit numbers and 
may in addition offer other 
capabilities such as multipli¬ 
cation and division. 

The Next Step 

This article avoided some 
of the more difficult arith¬ 
metic operations, such as 
multiply and divide, in order 
to dwell on some of the 
fundamental concepts needed 
to get “on the air.” Multiply 
and divide can wait for later. 
If they are needed now, the 
user can perform successive 
additions or subtractions as 
required, or he can use soft¬ 
ware provided by the manu¬ 
facturer. These functions will 
be covered in a later article. It 
is important at this time to 
give the experimenter “hands 
on” experience with com¬ 
puter arithmetic so that 
experience and confidence 
can be built up. For this 
reason, the next article will 
describe simple experiments 
with computer arithmetic 
using a 7418f Arithmetic 
Logic Unit. These simple 
experiments will use the con¬ 
cepts discussed in this article 
and will help the experi¬ 
menter to better grasp com¬ 
puter arithmetic. ■ 
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Fig. 1. Paper tape is a form of sequential memory storage, in 
that the bits identifying a given digit can only be retrieved 
during their allotted sensing time, which may cause delay in 
finding desired data. 


D ata processing systems 
have revolutionized our 
world, allowing vast amounts 
of information to be stored, 
exchanged, updated, and 
utilized in ways undreamed 
of a few years ago. A chain of 
department stores can be tied 
together, for example, by a 
data network making current 
inventory, personnel and 
credit information instantly 
available at widely separated 
locations; a railroad can con¬ 
trol activity at its switchyard 
from a control „enter 
hundreds of miles distant; 
switching functions within a 
telephone company office 
can be accomplished rapidly 
and reliably in accordance 
with stored program instruc¬ 
tions. The information 
involved in each of these 
examples is different, but the 


pleted, the data is fed out to 
be utilized in some manner. 
In practice, program instruc¬ 
tions are often stored within 
the same memory facility as 
the data; in this way, the 
program can also be changed 
if desired. 

Despite surface 
differences, the ways in 
which memory facilities re¬ 
ceive, hold, and feed out 
information are all based on 
either sequential or random 
access principles. 

Sequential Memories 

The sequential, or serial, 
memory method requires that 
the data bits comprising the 
information be arranged in a 
particular order. Data stored 
in this manner — including 
both programmed instruc¬ 
tions and input information 


sensing device to convert the 
hole patterns into a series of 
pulses for electronic 
processing. Each piece of 
information is retrieved as it 
passes the sensor. Another 
form of sequential memory 
storage is magnetic tape. 


program instructions and 
must be physically intro¬ 
duced into the processor 
system — threaded through a 
sensing device, for example - 
so that input data can be 
operated upon. They may 
also be used to retain the data 
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underlying processing prin¬ 
ciples are the same. 

A digital computer or data 
processor of any type is 
basically a stored-program 
machine, in which a memory 
facility holds a set of oper¬ 
ating instructions the 
system program. Information 
is put into a digital format 
and fed into the machine, 
which retains it in a data 
memory. The instructions in 
the program memory, which 
are also in digital form, tell 
the processor what problem is 
to be solved, or function per¬ 
formed, related to the input 
data. When the operations 
demanded by the pro^am 
memory have been com- 
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— is retrieved strictly in 
accordance with its position 
in a time sequence. 

A simple example of 
sequential memory storage is 
paper tape, which uses the 
presence or absence of holes 
to indicate the condition of a 
data bit; the combined states 
of several bits identify a 
particular digit (see Fig. 1). 
The tape is moved through a 


which stores information as 
magnetic flux variations 
corresponding to the Is and 
Os of digital data. 

Sequential access memory 
systems, including punched 
cards and magnetic disks as 
well as tapes, have been 
widely used in the area of 
mass computer memories. 
They typically contain 


for future processing. These 
devices provide a permanent 
storage capability since the 
cards, disks, and tapes can be 
removed and filed for re¬ 
peated use, and they have 
non-destructive readouts (i.e., 
data does not have to be 
re-entered every time it is 
used); however, they have 
some shortcomings which 
limit their usefulness in high 
speed memory applications. 

For example, sequential 
access can be a relatively slow 
process because a large 
amount of irrelevant data 
may have to be scanned 
before the desired bits are 
found. This delay may be 
from milliseconds to minutes, 
which is much too great for 
many of the uses to which 
modern data processing 
equipment is put. Addi¬ 
tionally, these sequential 



Fig. 2. The shift register, which stores data for as long as it 
takes for the clock to move it through each cell, is typical of 
semiconductor sequential memory systems. 
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Fig. 3. The bistable multivibrator, or flip flop, has two stable Fig. 4. A random access memory (RAM) is a matrix of 
states, making it an ideal digital data memory storage cell. memory cells, any of which can be accessed without regard for 

any other cell. 


mass memory systems require 
a mechanism to move the 
data-carrying medium past 
the sensor; this device is of 
necessity completely mechan¬ 
ical, and is subject to the 
adjustment and maintenance 
considerations which apply to 
all such devices. 


uncommon for a data pro¬ 
cessing system to use tapes 
and similar elements as per¬ 
manent, high volume program 
storage facilities, and semi¬ 
conductor structures for the 
“working" memories in 
which the stored data is oper¬ 
ated upon. 


The semiconductor devices 
used in temporary memory 
structures are typically 
arranged as groups of indi¬ 
vidual units called memory 
cells, each of which stores 
one bit of information as 
either a logic 1 or logic 0. A 
cell may consist of as little as 


shifted from cell to cell in 
accordance with the clock 
cycle rate. A logic 1 on the S 
input of cell 1, for example, 
will set the flip flop to the 1, 
or “on,” state if a clock pulse 
is present at input C, thus 
storing the digit. On the next 
clock pulse, the stored bit is 


Memory Chips 

- RAMs, ROMs, PROMs, etc. 


Temporary Memories 

Cards, tapes and disks con¬ 
tinue to play an important 
role as high density, long¬ 
term mass memory storage 
elements in such applications 
as personnel record main¬ 
tenance, inventory control, 
and retention of performance 
data for comparison with 
future achievements. 

For low capacity, tem¬ 
porary memory storage, how¬ 
ever, structures composed of 
semiconductor devices have 
become dominant in recent 
years. Temporary data 
storage facilities are used in 
such areas as office equip¬ 
ment (calculators, etc.) and 
immediate-use or “working” 
memories wherein a data pro¬ 
cessing device can hold the 
data with which it is dealing 
at any given time. It is not 


Temporary memories are 
also widely used in data pro¬ 
cessing terminals, which serve 
as remote input/output units 
for a large central computer 
and may be in any number of 
forms, from a simple type¬ 
writer keyboard to a small 
computer. Terminals provide 
a means of encoding data for 
manipulation by a central 
computer, and decoding it for 
use by a human operator. 

Interconnection of central 
computer and remote 
terminal is commonly made 
over telephone lines through 
an interface unit called a 
modem, or data set. The data 
set may also contain-a tem¬ 
porary memory facility which 
allows it to hold data and 
either condition it for trans¬ 
mission over the lines or pre¬ 
pare received data for applica¬ 
tion to the processor. 


one transistor-capacitor com¬ 
bination, or it may be a com¬ 
plex arrangement of several 
components. But, whatever 
its composition, it has at least 
two states that can represent 
digital data bits. 


Shift Registers 

A shift register is a device 
for the temporary storage of 
digital information; when a 
shift, or clock, pulse is 
applied, the register accepts 
new data and moves every 
stored bit one step toward 
the output. 

Fig. 2 shows an example 
of a semiconductor shift 
register containing five 
memory cells, each of which 
is a solid state reset-set (R-S) 
flip flop circuit. Data applied 
to the register input in a 
digital form is stored and 


shifted out of cell 1 to set the 
second cell to the 1 state, and 
a new digit is fixed in the first 
cell. This procedure continues 
through the register, with the 
output of the final cell being 
shifted out for data pro¬ 
cessing. The clock frequency 
controls the rate at which the 
shift register stores and feeds 
out data bits, with each bit 
being delayed between input 
and output by as many clock 
cycles as there are cells in the 
register. Since the storage and 
retrieval are done on a first- 
in, first-out basis, the shift 
register is a sequential 
memory storage device. 

Digital data can also be 
handled by a random access 
process. This does not mean, 
of course, that no orderly 
procedure is involved; it 
means, rather, that informa¬ 
tion can be stored in a partic- 
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ular memory cell, or location, 
and retrieved without regard 
for any other location. 
Random Access Memory 
Systems 

A random access memory 
(RAM) can be defined as a 
structure in which any data 
bit can be stored (written) or 
retrieved (read out) in any 
order. 

One of the most basic 
ways to create a memory cell 
is through the use of the 
bistable multivibrator, or flip 
flop. As shown in Fig. 3, such 
a memory cell may consist of 
only two transistors, two 
resistors, and a power source. 
In this cell, one or the other 
of the transistors is always 
conducting, holding the other 
one off. When an external 
signal forces the off transistor 
into conduction, the initially 
on transistor turns off and 
remains in this condition 
until another external signal 
resets it. The flip flop, there¬ 
fore, has two stable states 
which can be used to store 
information in the form of 
logic Is and Os. 

A RAM is essentially a 
matrix of such memory cells, 
with each cell identified by a 
unique code, or address. The 
data processing equipment 
can retrieve a bit of informa¬ 
tion by addressing the proper 
location. Because of the 
matrix structure, the time 
required to locate any given 
bit is approximately the same 
as that required to locate any 
other bit. For example, in 
Fig. 4 the digit stored in cell 
1, at location A1, could be 
available at the data output in 
almost exactly the same time 
as the bit in cell 16, location 
D4. This rapid access to infor¬ 
mation makes the RAM ideal 
for application as a tem¬ 
porary storage facility. 

Random access memory 
structures are of two basic 
types: read/write and read 
only. A read/write RAM is 
programmable; that is, data 
can be entered into, changed, 
and removed from the 
memory at any time. A read 
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Fig. 5. Bipolar and unipolar transistor structures are the most 
widely used semiconductor memory cell components. 


only memory (ROM), how¬ 
ever, has certain data patterns 
fixed into it, usually during 
the manufacturing process. In 
such a structure, information 
can be read out - it will 
always perform the same 
function - but the stored 
program does not change. 
Because the data pattern is 
fixed, a ROM retains its pro¬ 
gram regardless of circuit 
power considerations; that is, 
it is a "non-volatile” memory 
device. A read/write memory, 
however, needs a constant 
source of power to remain in 
operation; if power is re¬ 
moved, the semiconductors 
stop conducting and the 
stored information is lost, so 
the read/write RAM is con¬ 
sidered to be a “volatile” 
device. 

Although it is not techni¬ 
cally accurate to do so, com¬ 
mon usage has led read/write 
memories to be referred to 
simply as RAMs, while read 
only structures — which are, 
in reality, a type of RAM - 
are designated ROMs, and 
this discussion will follow the 
same nomenclature. 

Bipolar and Unipolar Transis¬ 
tors 

The two most widely used 
devices in memory matrix 
design today are the bipolar 
and unipolar, or Field effect. 


transistor. Each can be easily 
realized as an integrated 
circuit (1C) component, and 
they are readily adaptable to 
virtually any circuit configur¬ 
ation. 

Essentially, a bipolar tran¬ 
sistor is a semiconductor 
device whose conductive 
properties depend upon both 
majority and minority 
carriers; that is, current flows 
in a bipolar transistor because 
of the simultaneous move¬ 
ment of both positive and 
negative charges. Negative 
charges predominate in 
n-type semiconductor 
material because there is a 
surplus of free electrons 
within the material’s atomic 
structure; p-type material, 
however, has a shortage of 
free electrons. The regions in 
which the electrons would 
normally exist act as positive, 
mass-bearing charges called 
“holes”; p-type material thus 
maintains an excess of posi¬ 
tive charge carriers. The com¬ 
mon transistor is a general 
type of bipolar device, since 
its current flows due to hole 
and electron movement. Fig. 
5A shows the normal flow 
pattern within an NPN struc¬ 
ture (Fig. SB shows a bipolar 
NPN structure as an inte¬ 
grated circuit). The forward- 
biased emitter-base junction 
allows electrons to be 


injected by the emitter into 
the base region. Within the 
base, the greater part of the 
current flow is caused by 
holes combining with the 
excess electrons. The reverse 
bias of the collector-base 
junction allows electrons to 
pass into the collector region; 
because there are two n-type 
regions, electrons are the 
majority carriers, although 
the simultaneous action of 
the minority carrier holes is 
indispensable. 

The field effect transistor 
(FET) is a unipolar device, in 
that its current flow is the 
result of the movement of 
only one type of carrier. In 
what is called the p-channel 
FET, holes are the majority 
carriers, while the carriers in 
an n-channel FET are elec¬ 
trons. 

Fig. 5C shows a p-channel 
FET structure operating in 
the enhancement mode, 
which is the most common 
operating mode for FETs. In 
this mode, there is no con¬ 
duction within the device 
when the gate voltage is zero; 
the other mode of operation 
is called depletion, wherein 
the semiconductor device is 
always conducting and 
requires a proper gate-to- 
source voltage to turn off. 

When the gate in Fig. 5C is 
made negative with respect to 
the source, it creates an elec¬ 
trostatic field which attracts 
holes from the n-type semi¬ 
conductor material toward 
the area directly below the 
gate dielectric material. 
Initially, this n-type area has 
a surplus of electrons, but as 
the holes are drawn into it, 
the electrons are neutralized. 
At some gate voltage, the 
holes become dominant and a 
current-carrying channel is 
produced between source and 
drain in which holes are the 
majority carriers. Because the 
gate is electrically isolated 
from the rest of the structure 
by the dielectric material, 
there is no current flow into 
it; the channel, which allows 
current to flow between 







Fig. 6. A 2-word, 2-bits-per-word memory array utilizing 
multi-emitter bipolar transistor structures. 
source and drain, is created appears in many circuit varia- 
and maintained by the elec- tions to meet different appli- 
trostatic field. cation requirements. 

The need to provide more A bipolar RAM cell which 
electronic function in has been widely used is the 

increasingly small areas has transistor-transistor-logic 

resulted in a great variety of (TTL) type, exemplified by 

miniaturized circuits. Bipolar the multiple-emitter circuit 

transistors, for example, can (see Fig. 6). In this case, the 

be realized as discrete items, data processor applies an 

such as those seen in various address code to a decoding 

entertainment products. In circuit*, the decoded address 

data processing applications, raises the voltage on the 

however, the large number of correct word select line 

components required to (places it at a logic 1 level), 

produce a memory matrix preparing the cell for the read 

makes the use of such bulky or write function. A logic 1 

devices impractical; a circuit bit can be written into the 

board with several hundred cell, for example, by placing 

discrete transistors mounted the write enable line at a low 

on it — which is what a voltage (logic 0) level while 

memory matrix would the data bit input is logic 1. 

require would be too This causes the bit line to be 

unwieldy to be of any real low, turning Q1 on and Q2 

use. off, a state which represents a 

logic 1 within the cell. Once 
Bipolar Transistor RAMs the write function is corn- 

integrated circuit tech- plete, the address changes, 

niques allow quantities of the word select line returns to 

circuit elements to be realized a logic 0 state, and Q1 

in a small space; these tech- remains on. To read out the 

niques have been used to pro- stored digit, the address raises 

duce bipolar transistor the word select line level and 

memories of various micro- the write enable line is held 

miniaturized sizes and den- high (logic 1), allowing read 

sities. current representing the value 

The basic storage element of the cell's contents to flow 

in these matrices is the into the appropriate sense 

bistable flip flop, which amplifier for output to the 



data processor. Because the 
read process does not change 
the state of the flip flop, the 
stored information is not lost 
and the cell is considered to 
have a “nondestructive” read¬ 
out capability. 

The 2-word, 2-bits-per- 
word memory shown in Fig. 
6 is, of course, limited in its 
application. The same 
addressing, reading, and 
writing functions, however, 
are performed in bipolar 
RAMs containing several 
times the number of cells. A 
typical example of expanded 
capacity is a single integrated 
circuit capable of storing 16 
words of 4 bits each, for a 
total of 64 bits on one tiny 
silicon chip. GTE Lenkurt 
uses nine such chips in both 
its 262A and 262B data sets. 
The bipolar RAMs comprise a 
data memory, in which input 
data is held to be operated 
upon. Because of the read/ 
write capabilities of the 
RAMs, the data being pro¬ 
cessed can constantly be 
updated and changed. 

Major considerations in 
memory design include the 
speed with which a cell can 
be made to change state 
(access time) and the amount 
of power dissipated by the 
cell’s components. 

Operating in a saturation 
mode - in which the “on" 
transistor constantly con¬ 
ducts the maximum possible 
current — the TTL-type 
memory cell requires some 
amount of time to drive the 
transistor out of saturation 
before a change of state can 
occur. This delay is only on 
the order of nanoseconds, but 
is enough to concern circuit 
designers. In addition, the 
saturation mode consumes 
relatively large amounts of 
power. Two of the more 
successful configurations 
developed to overcome these 
disadvantages are the diode 
coupled and emitter-coupled 
logic (ECL) cells. 

Diode Coupled RAMs 

Two gating diodes are used 
to control conduction in a 


diode coupled cell (Fig. 7). In 
integrated circuits, these 
diodes are frequently "hot- 
electron,” or “Schottky 
barrier,” devices, which 
become forward-biased at 
lower voltages than conven¬ 
tional diodes. 

If the state of a cell must 
be changed to store a bit, the 
address decoder causes the 
voltage on the word select 
line to be forced low, while 
the voltage is raised on the bit 
line associated with the tran¬ 
sistor to be turned off. 
Referring to Fig. 7, in which 
Q2 is hypothetically to be 
turned off, raising the bit line 
B voltage and dropping the 
word select line (effectively 
making it more negative) 
draws additional current 
through R4, increasing the 
base voltage on Q1 to the 
point at which it begins con¬ 
ducting. The cross-coupling 
of the transistors then causes 
Q2 to turn off, thus effecting 
the cell's change of state. 

Reading the stored digit 
out of a diode coupled cell 
also requires that the word 
select line be forced low, but 
in this case there is no voltage 
increase on either of the bit 
lines. The combined effects 
of the lowered word select 
line and a bias network cause 
the diode associated with the 
"on” transistor to be for¬ 
ward-biased, causing the 
diode to conduct. Since the 
diode associated with the 
“off” transistor is reverse- 
biased, a differential voltage 
develops between the bit 
lines. A sensing circuit deter¬ 
mines the cell’s logic state 
from this voltage. 

Read current in a diode 
coupled cell is greater than 
standby current, which flows 
when the cell is storing a bit 
without being addressed, but 
is substantially lower than 
write current. Because of this, 
the voltage developed across 
the load resistors during the 
read operation is not great 
enough to change the cell’s 
state and the readout is a 
nondestructive process. 




Since standby current is 
lower than read current and is 
present a greater percent of 
the time, overall power con¬ 
sumption in a diode coupled 
cell is lower than that of a 
TTL device. 

ECL RAMs 

The structure of emitter- 
coupled logic (ECL) memory 
cells closely resembles that of 
TTL cells, but biasing tech¬ 
niques are used to keep the 
transistors out of saturation. 
This allows the ECL storage 
element to change state very 
rapidly; the greatest advan¬ 
tage of ECL over other semi¬ 
conductor memory configura¬ 
tions is that it has the 
shortest access time of all. 
Reading and writing processes 
are accomplished in essen¬ 
tially the same manner as for 
TTL, but at a greater speed. 
Because it constantly draws 
high current, however, an 
ECL memory cell has even 
higher power consumption 
than TTL, a fact which does 
impair its usefulness in cer¬ 
tain applications. 

MOS Technology 

One of the major objec¬ 
tives in semiconductor 
memory design has been to 
incorporate as much capacity 
as possible in the smallest 
area. The greatest size reduc¬ 
tions have been achieved with 
metal oxide-silicon (MOS) 
techniques, which produce 
field effect transistor (FET) 
structures that are consider¬ 
ably more compact than the 


bipolar integrated circuits 
(ICs) previously discussed. 

An MOS FET is formed by 
depositing an insulating metal 
oxide — most often silicon 
dioxide — on a chip of 
silicon. Etching processes 
then remove the oxide from 
selected areas of the chip, 
exposing the substrate at 
source and drain locations 
while leaving the gate region 
insulated. Further processing 
establishes n- and p-type areas 
within the substrate. 

The size reduction possible 
with MOS techniques allows a 
much denser memory array 
to be produced within a given 
space than is possible with 
bipolar devices; there are also 
substantially lower power 
requirements and reduced 
packaging costs. 

Storage cells composed of 
MOS FETs may be of either a 
static or dynamic nature. A 
static cell retains its stored 
data as long as power is 
supplied to the circuit; a 
dynamic cell depends upon 
capacitive charge storage to 
hold its data, and must 
receive a “refresh” input to 
counteract the effects of 
leakage. 

Static MOS RAMs 

The basic static MOS RAM 
cell is a bistable multivibrator 
(see Fig. 8) closely resembling 
the bipolar flip flop used in 
TTL memories. In an MOS 
flip flop, however, transistors 
serve not only as cross- 
coupled inverters (Q3 and 
Q4), but also as load resis- 



Fig. 7, A diode coupled memory cell uses gating diodes to 
control conduction and reduce power consumption. 



Fig. 8. The heart of the static MOS RAM storage cell is the 
bistable flip flop composed entirely of field effect transistors 
(FETs). The logic level at one terminal is always the 
complement of that at the other. 


tances (Q1 and Q2). Elec¬ 
trical isolation of the FET 
gate results in a very high 
input resistance which can be 
controlled by the gate 
voltage. A large-value resistor 
can thus be produced by an 

FET in a relatively small 

space compared to a conven¬ 
tional resistor. 

Since only one of the 
cross-coupled inverters con¬ 
ducts at any given time, the 
cell has two stable states 

which can be used to store 
information in the form of 
logic Is and Os. The state of 
the cell is determined by 

external address and data 
signals. The cell’s state re¬ 
mains constant unless 
changed by an external signal, 
so no refresh action is 
required and the circuitry 
needed to support the opera¬ 
tion of the cell is simplified. 

A static MOS RAM storage 
unit, however, contains a 
minimum of four transistors, 
so it occupies a considerable 
amount of space on a silicon 
chip and consumes a rela¬ 
tively large amount of power. 
Because of these disadvan¬ 
tages, static devices have been 
largely replaced by dynamic 
MOS RAMs. 

Dynamic MOS RAMs 

The basic storage element 
in a dynamic MOS RAM cell 
is a capacitor, which holds 
and releases a stored charge in 
response to read and write 
commands. While the capaci¬ 
tor could be an external 
device, it is much more com¬ 
mon for dynamic RAMs to 
utilize the capacitance 
existing between gate and 


source of the MOS FET itself. 
This capacitance is due to the 
isolation of the gate from the 
rest of the structure by a 
dielectric material. Charging 
the gate-source capacitance 
sufficiently to turn the tran¬ 
sistor on represents a logic 1 
state in most applications, 
while a lower charge or no 
charge at all serves as a logic 
0 . 

Inevitably, as with all 
capacitive devices, the charge 
stored in the gate-source 
region drains off due to 
leakage current. If the charge 
is allowed to deteriorate too 
much, the data bit is lost, so 
some means must be provided 
to periodically restore, or 
refresh, the charge; a com¬ 
mon requirement is that 
every cell in a memory matrix 
be refreshed every 2 milli¬ 
seconds. Circuits to accom¬ 
plish this are included in 
dynamic RAM designs, as are 
address decoding circuits. 

The operation of a typical 
dynamic MOS RAM cell can 
be illustrated with the 3 tran¬ 
sistor cell shown in Fig. 9. In 
this case, information is 
stored as a charge in the 
gate-source capacitance (Cg) 
of transistor Q2. To write a 
data bit into this cell, an 
address decoder produces a 
write select signal, activating 
transistor Q1 and allowing 
data on the write data line to 
be transferred to the storage 
element. Depending upon the 
state of the data input, Cq 
either charges or is dis¬ 
charged. When the write 
select signal is removed at the 
end of the write cycle, the bit 
is held in the cell. 
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At the beginning of a read 
cycle, both the read and write 
data lines are preset to some 
voltage. When the address 
decoder produces a read 
select signal, Q3 is ready to 
begin conducting. If the 
charge on Cq is sufficient 
(logic 1), Q2 turns on and 
current flows through Q2 and 
Q3, reducing the voltage on 
the read data line. With no 
charge on the capacitance, Q2 
and Q3 remain off and the 
read data line stays at its 
preset level. Because of the 
gate isolation, Cq is in the 
same condition (charged or 
discharged) at the end of the 
read cycle as at the beginning, 
making the read process 
"nondestructive." An output 
amplifier senses the state of 
the read data line and deter¬ 
mines what cell condition 
would produce it (a low-level 
line generally indicates a 
stored logic 1) for application 
to the data processor. 

Refresh 

Refresh of the stored digit 
in Fig. 9 is accomplished 
through a clocked amplifier 
connected between the read 
and write data lines. Control 
circuitry provides the timing 
necessary to keep the refresh 
cycle separate from the read 
and write operations. 

The refresh process 
involves reading out the 
stored digit and writing it 
back into the cell. To do this, 
both data lines are preset at 
the beginning of the refresh 


cycle. A read select signal is 
then produced, transferring 
the bit to the read data line in 
the same manner as the 
normal read operation. The 
refresh amplifier inverts the 
condition of the read data 
line and applies it to the write 
data line. A write select signal 
then replaces the read signal 
and the data present on the 
write data line is entered into 
the memory. If, for example, 
a logic 1 (maximum charge) is 
stored on Cg, the read data 
line is forced low (logic 0) 
when the read select signal 
forces 02 and Q3 into con¬ 
duction. The refresh amplifier 
inverts this and applies logic 1 
to the write data line; the 
presence of the write select 
signal causes this data to be 
written into the cell as a 
refreshed bit. With no charge 
(logic 0) on Cq, this sequence 
is repeated, with a logic 0 
appearing on the write data 
line to ensure that the capaci¬ 
tance is not charged by stray 
circuit currents. 

In Fig. 9, timing from the 
control circuitry allows a 
single amplifier to serve an 
entire column of cells. One 
alternative configuration uses 
a common read/write data 
line. This lets the cell form a 
loop within itself and thus 
eliminates refresh amplifiers. 

ROMs 

A read only memory 
(ROM) is a data storage 
facility into which informa¬ 
tion is normally written only 


once. After this entry, a ROM 
always produces the same 
output when addressed. 

The difference between 
the read/write RAM and the 
ROM can perhaps be best 
illustrated with the example 
of the pocket calculator. In 
almost all calculator designs, 
a RAM matrix serves as a 
“working,” or data, memory 
and ROMs are used for 
input/output interface, 
timing control and program 
storage (see Fig. 10). 

Each key on the calculator 
keyboard is identified by a 
unique binary number; all of 
these numbers are per¬ 
manently fixed in the ROM 
encoder so that, when a key 
is pressed, the corresponding 
binary number appears as the 
encoder output. If a digit key 
is pressed, the bits comprising 


the number are written into 
the RAM data store. Func¬ 
tion key (addition, subtrac¬ 
tion, etc.) numbers are 
applied to the ROM program 
store as addresses. In the pro¬ 
gram store are contained 
instructions for each func¬ 
tion; when an address is pre¬ 
sented, the proper instruc¬ 
tions are read out of the 
ROM, leading to performance 
of the desired operation upon 
the data held in the RAM. 
When the function has been 
completed, the result is read 
out and applied to the 
decoder, which puts it into a 
form suitable for display. 

The basic ROM structure 
is a matrix of elements, each 
of which is accessed by a 
random address code, allow¬ 
ing approximately equal 
access time to all bits. The 
simplest ROM structure is a 
network of diodes wherein 


the presence or absence of a 
diode determines the logic 
state of a particular location; 
such a network is shown in 
Fig. 11. The row address 
decoder raises the voltage on 
the appropriate word line to a 
high positive level, forward¬ 
biasing the diodes attached to 
that line. When the diodes 
begin conducting, they force 
their associated bit lines to a 
high (logic 1) level, while bit 
lines not connected to diodes 
remain low (logic 0). Output 
amplifiers sense the state of 
each line and present the bits 
to the data processor's other 
circuitry. 

For example, if the row 
address decoder raises the 
word line 1 level, diodes Dl, 
D2, and D3 conduct, raising 
bit lines 1, 2 and 4. In this 
case, the matrix output 


would be the binary number 
1101. The next address might 
raise word line 4, in which 
case the output would be 
0110. In some applications, 
column (bit line) addressing is 
added to select fewer than 
the maximum possible bit 
outputs. 

ROM matrices are also 
formed with bipolar and MOS 
devices. In the most common 
configurations, the presence 
or absence of conductors 
establishes logic states. 

Fig. 12 shows a ROM 
matrix utilizing multiple- 
emitter bipolar transistors. In 
this case, the collectors are 
used as row enabling con¬ 
tacts, replacing the word 
lines, and emitter contacts are 
omitted from selected loca¬ 
tions to set logic levels. When 
the row address decoder 
raises the voltage on the 
appropriate collector to a 



Fig. 9. A dynamic MOS RAM cell stores data in the 
gate-source capacitance of one of its transistors. 
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Fig. 10. A pocket calculator typically utilizes both RAM and 
ROM facilities to process input data. 
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Fig. 11. A diode network with random access addressing is the 
simplest type of semiconductor ROM. 


sufficiently high level, the 
transistor segments with 
emitter contacts begin con¬ 
ducting: for example, if Q2 is 
selected, the matrix output is 
1001 (the level of columns 1 
and 4 raised by conduction, 2 
and 3 remaining low). In Fig. 
12, column address and data 
output decoding selects two 
of the four bits for applica¬ 
tion to the processor. 

In Fig. 13, a ROM matrix 
composed of static MOS FET 
devices is shown. Logic states 
are determined by the 
presence or absence of gates 
within the transistor struc¬ 
tures. Reading this memory is 
accomplished in the same 
manner as diode and bipolar 
ROMs, except that the bit 
lines are driven low (to 
ground) when the FETs con¬ 
duct. 

Programmable ROMs 

Semiconductor memories 
are almost universally formed 
on minute silicon chips 
capable of holding large 
numbers of integrated circuit 
devices; the chips often con¬ 
tain complete addressing, 
decoding, and output cir¬ 
cuitry in addition to the 
memory cells. 

In the formation of 
standard ROM matrices — in 
which the stored data is never 
to be changed — logic states 
are established during the 
manufacturing process by 
omitting the proper elements 
to create the desired bit 
pattern. This is the most pre¬ 
valent type of read only 
memory. There are cases, 


however, in which standard 
memories are not available to 
meet application require¬ 
ments, so programmable 
ROM (PROM) matrices are 
also produced. 

A PROM is essentially a 
semiconductor matrix which 
has its program written into it 
at some time other than the 
manufacturing process. The 
manufacturer provides a chip 
on which all of the rows and 
columns (word and bit lines) 
are linked by conducting 
devices. Before integrating 
the chip into a circuit, the 
purchaser of the PROM uses 
various techniques - from 
application of a high-level 
write current to a laser beam 
— to eliminate devices from 
the matrix. In this way, a 
stored program unique to a 
given application can be 
produced. 

New Developments 

This discussion has 
covered structures that are 
representative of devices 
currently used in data pro¬ 
cessing memory facilities, and 
has not attempted to consider 
all of the variations of the 
basic structures. Advances are 
being made at a remarkable 
rate, and today’s technology 
may be totally obsolete in a 
few years. Among the new 
memory devices that may 
bring this about are charge 
coupled devices (CCDs), 
bucket brigade devices 
(BBDs) and magnetic 
bubbles. Charge coupled and 
bucket brigade devices are 
similar in that both store 


digits as the presence or 
absence of electric charge. 

A basic CCD is a semicon¬ 
ductor chip — either n- or 
p-type - over which a 
dielectric material is laid. A 
series of gate contacts are 
placed along the dielectric. 
Charge is stored as minority 
carriers under the gate 
regions. When the substrate is 
p-type, for example, applying 
a positive voltage to one gate 
attracts electrons out of the 
substrate until they dominate 
in the area directly beneath 
the gate, forming a "potential 
well.” This storage condition 
is maintained for times up to 
several seconds after the gate 
voltage is reduced. Raising 
potential on the next gate in 
the series forms a second 
potential well into which the 
stored charge is transferred; 
gate potentials are sequen¬ 
tially raised by a clocked 
voltage to move the stored bit 
through the device. The CCD 
is thus a sequentially accessed 
memory facility similar to the 
shift register. 

The movement of charge 
in a bucket brigade device is 
the same as in the CCD. 
Potential wells, however, are 
replaced by “buckets” of 
material unlike the substrate; 
for example, n-type areas 
may be embedded beneath 
the gates in a p-type chip to 
act as MOS storage capaci- 

Fabrication techniques 
currently limit the produc¬ 
tion of CCDs and BBDs, but 
they hold the promise of ex¬ 
tremely small, very fast, low 
power memories of high 


density, and many manufac¬ 
turers are investigating their 
commercial feasibility. 

Magnetic bubble tech¬ 
nology is still in the develop¬ 
mental stage, but it also 
shows great promise. The 
bubbles, which are tiny, 
mobile particles whose 
polarity is opposite to that of 
the thin film containing 
them, can be arranged to 
form coded data patterns, 
thus providing a storage 
medium. 

Conventional bipolar and 
MOS devices are being mod¬ 
ified to achieve an optimum 
combination of memory cell 
size, speed and power con¬ 
sumption. N-channel and 
p-channel MOS FETs are 
being combined on one chip 
as complementary MOS 
(CMOS) devices for low 
power applications, and 
Schottky diodes are being 
introduced into various 
bipolar configurations to 
decrease power consumption 
and increase speed. One such 
modification has resulted in 
the low power Schottky TTL 
memory cell, which has 
access speed approaching that 
of ECL (the fastest presently 
available cell type) and power 
requirements close to those 
of MOS FETs; GTE Lenkurt 
uses this family of devices in 
its 262A and 262B data sets 
to achieve the most rapid 
data processing possible with 
the least power. In another 
development, metal-nitride 
oxide semiconductors are 
being looked at as possible 
non-volatile read/write RAMs 
(memory facilities which 
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Fig. 13. The logic states within a static MOS RAM are 
determined by the presence or absence of gate contacts. 


would not lose stored data 
when power is removed). 

Whether improvements to 
existing structures continue 
at the present rate, or new 
technologies take over com¬ 
pletely, there is no doubt that 
semiconductors will play an 
increasingly important role in 
data processing systems. ■ 
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Times 

TWO-TIMINGCLOCK&STATION TIMER - 
Displays either of two completely independent 
times - i.e. — GMT and local time - any 
combination you choose. Clock operates in 
three modes, 12-12, 12-24, or 24-24 hr. and 

6 digit AUTOMOTIVE CLOCK KIT complete 
with a CRYSTAL TIMEBASE accurate to .01 
percent. 12 volts d.c. operation — built in 
noise suppression and voltage spike protection. 
Readouts blank when ignition is off — draws 
25 mA in standby mode. Has .3 in. readouts. 

Use it in your car or for all applications where 
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Choose a main output of 50 or 100 Hz., 60 
Hz., 500 or 1000 Hz., or 1 Hz. Several 
related frequencies are also available on each 
board, in addition to the main ones listed 

above. Be sure to specify the Frequency you 

want. All kits are $10.95 ppd. 

parts, it is fairly complex and requires some 
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to an O-scope to adjust it. The kit comes 
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A Morse to RTTY Converter 

- - using a microprocessor 


T he advent of powerful, 
inexpensive micropro¬ 
cessors has made the goal of a 
good Morse code to TTY 
translator a practical reality. 
Only seven chips are needed 
to implement this Morse code 
to Teletype translator which 
is self-adaptive to code speed 
and spacing over a wide range 
- without adjustment. Either 
ASCII or Baudot output is 
available by changing the pro¬ 
gramming ROM. Serial out¬ 
put is provided which can be 
adjusted from 60 to 100 
wpm. 

This translator will accept 
a dot/dash ratio from 1:2 to 
1:4 (1:3 is nominal for Inter¬ 
national Morse Code) with 
any ratio of letter speed to 


spacing (i.e., 25 wpm char¬ 
acters spaced out for 10 
wpm) because mark and 
space timing are evaluated 
separately. A speed variation 
of ±20% per character can be 
followed without error. 
Larger variations require from 
three to ten characters at the 
new speed to regain lock. 
Word spacing is also provided, 
and carriage return is adjusted 
to avoid breaking up words at 
the end of lines. 

Due to its simplicity, this 
translator can be assembled in 
only an hour or two. Circuit 
boards and components are 
available, as well as pre¬ 
programmed ROMs and com¬ 
plete programming informa¬ 
tion (see Parts List). 


This machine is based on 
the MOS Technology MCS 
6502 microprocessor. This 
device offers several features 
which make it attractive for 
this application: low cost, 
fast cycle time, on-chip clock 
oscillator, and single +5 volt 
power supply. Bus organiza¬ 
tion is the same as the M6800 
and offers simple memory- 
l/O interface with a min¬ 
imum of external parts. 

The entire system includes 
a CPU (the microprocessor), a 
512 x 8 ROM containing the 
program, a 128 x 8 RAM, an 
interrupt timer, and three 
TTL chips which provide a 
1 -bit input port, a 1 -bit out¬ 
put port, and an interrupt 
control flip flop. No UART 


or other parallel to serial con¬ 
verter is needed since this 
function is provided by the 
software. The output port 
feeds the display device 
directly in serial form. The 
output data rate is controlled 
by the interrupt timer, and 
can be varied to suit the 
display used. 

The complete schematic is 
shown in Fig. 1. Although it 
may look intimidating, most 
of the wiring is just parallel 
runs from chip to chip. Pins 
26 through 33 of Z1 are the 
data bus over which instruc¬ 
tions and data flow between 
the CPU and the other chips. 
The address of instructions, 
memory locations and I/O 
ports are output on the 
address bus, pins 9 through 
20. The R/W line signals 
whether data is being read 
into or written out of the 
processor. Z5A and Z4B form 
a 1-bit output port which is 
connected to data bus 0. 
Z5B, Z6A and Q2 are used as 
an input port, driving data 
onto data bus 7. The 555, Z7, 
is an interrupt timer. Each 
time it clocks, the execution 
of the program is suspended 
and a new output bit appears 
at pin 5 of Z4. By varying the 
rate of the interrupts, the 
output rate may be set to any 
desired speed. More detailed 
information on the 6502 
microprocessor is contained 
in the two excellent manuals 
available from the manufac¬ 
turer (see Reference List). 

The program is contained 
in the ROM, Z3. It is an Intel 



Fig. I. Schematic. 




D-3624, which is a fusible- elapsed time is represented by 
link, bipolar, tri-state, 512 x the number in the counter. 
8 PROM. A complete pro- The program processes the 
gram listing with notes is timing data, and then begins 
available, as well as pre- the timing loop over to wait 
programmed PROMs, for the next input change. 
Basically, the dot-dash The output is interrupt 
threshold is set equal to half driven. Each time a new out- 

the mark period if the put bit is due, the timer Z7 

element was a dash, or to clocks Z4A which in turn 

twice the period if it was a pulls the IRQ line of the CPU 

dot. Thus, the threshold low. The microprocessor 
varies between 1 /2 and 2/3 of suspends whatever operation 
dash time. This provides a is being executed at the time, 
tolerance in dot-dash timing, and jumps to a subroutine 
and makes the threshold which outputs a new bit via 
follow the input code speed. Z4B. It then returns to the 
A similar method is used for main program to resume 
spaces. Word spacing operations. This procedure 
threshold is initially set for requires only 50 to 60 micro- 
1-1/2 times the letter space, seconds to complete, so there 
If more than eight characters is no noticeable slowing of 
are received without a word the main program execution, 
space, the threshold is de- Part of the RAM is assigned 
creased. If more than four as a FIFO buffer to accom- 
characters are received with modate situations such as 
spaces between each, the upper case (FIGS-Char.- 
threshold is increased. This LTRS) or end of tine 
process is iterated until (CR-LF-LTRS). In these cases 
proper spacing is achieved. A several output characters are 
counter keeps track of how output very quickly, and the 
many characters have been buffer stores and feeds them 
printed in each line. At the out sequentially at the TTY 
first word space following the output rate. 

64th character, a 
CR-LF-LTRS sequence is out- Assembly 
put. This can be easily mod- Construction is simplified 
ified for other printer or by using the available circuit 
display widths, or bypassed board, which is double sided 
entirely by minor changes in w hh plated-through holes, 
programming. However, wire wrap is also 

The input is sampled satisfactory. Lead dress is not 
periodically by a software particularly critical, except 
loop, which simultaneously pins 39, 37 and 3 of Z1 and 
increments a counter. When to the 10 pF capacitor and 
the input changes state, the the 27k resistor. These are 



connections for the clock After mounting the sockets, 
oscillator, and pickup can they should be broken in by 
cause frequency modulation using the pins of a spare 14 or 
of the clock, which can cause 16 pin 1C. Insert and remove 
some very strange problems, these pins at least once in 
Reasonably short ground each receptacle of the 
leads should be provided. Z3 sockets, being sure to catch 
in particular draws several all of the pins of the 24 and 
hundred milliamps and 40 pin sockets. This reduces 
should have appropriately the insertion force required, 
heavy supply connections. and lessens the chance of 
Be sure to use sockets for bent pins and broken ICs. 

all of the ICs. They must be A limited amount of parts 
inserted at various points in substitution can be made, 
the checkout procedure. The 6810 must be a -1 
















Fig. 5. Interrupt 
ms/div. 


r. Z7, pin 3. Vert: I volt/div. Horiz: 2 



Fig. 4. Sync, ZI, pin 7. Vert: I volt/div. Horiz: 2 usec/div. 


version, and the TIL must be the wiring with no mistakes, 

low power Shottky to avoid These components include and Z2 first. Do not remove 

excessive loading. The relatively expensive MOS or insert any ICs while power 

D-3624 can be either a stan- devices, which are not nearly is applied, 

dat'd or a -4 version, or a so forgiving as TTL. Reversed 

D-3604 can be substituted if polarity and shorted outputs Testing 

eight 10k pull-up resistors are can be disastrous. NOTE: A five volt, 400 mA 

added to the data bus lines. Do not solder any part of the current limited power supply 

Care should be taken to do board without removing ZI and a 10 MHz scope, prefer¬ 

ably dual trace, triggered 
sweep, are needed for testing. 
It should be noted that 
several of the ICs will get 
quite warm during operation. 
Z2 and Z3 will be almost too 
hot to touch after an hour of 
operation. The others will be 
slightly warm. 

Remove all of the ICs and 
apply power. Check each 
socket to verify that +5 volts 
and ground appear on the 
correct pins. 

Remove power and insert 
the 6502, ZI. Handle the 
6502 by the pins in one hand 
and support the board on the 
other while inserting the chip. 
The conductivity of your 
body will keep static charges 
from damaging the MOS cir¬ 
cuit. Be careful not to bend 
any of the pins. For all of the 
larger ICs it may help to 
carefully bend the leads on 
the two sides until they are 
parallel, to ease entry into the 
sockets. 

Connect the scope to pin 3 
of ZI, and apply power. An 
approximate square wave of 
about 750 kHz (±30%) 
should appear (Fig. 3). A 
similar waveform should 
appear on pin 39. 

Move the scope to pin 7 of 
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Fig. 6. 
volt/di 

Input sample pulse after 5 
Horiz: 2 usec/div. 

seconds. Z5, pin 6. Vert: 1 
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Fig. 7, interrupt request, IRQ, ZI, pin 4. Vert: 7 volt/div. 

Horiz: 2 ms/div. 
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ZI. Using a clip lead, momen¬ 
tarily short the anode of D1 
to ground. A burst of I to 2 
microsecond pulses should 
appear (Fig. 4). The duration 
of the burst may be from a 
few milliseconds to contin¬ 
uous. Each pulse signals a 
new instruction being fetched 
by the microprocessor. Since 
there is no ROM to supply 
instructions, it executes 
essentially a random 
sequence, which usually 
"blows up" and stops exe¬ 
cuting after a period of time. 

Next, insert Z2, the 
6810-1, being sure to power 
off first. Use the same tech¬ 
nique as for the 6502. Re¬ 
apply power, and make the 
same test as before. The same 
results should be observed. 

Insert the 555, 17. On pin 
3 of Z7 a pulse train will 
appear (Fig. 5). Set the trim 
pot for the time period 
corresponding to the desired 
output TTY speed from Fig. 
10 . 

Insert the 74LS02, Z6, the 
74LS20, Z5, and the D-3624 
ROM, Z3. Connect the scope 
to pin 7 of ZI. You should 
see a series of 1 microsecond 
pulses of irregular spacing 
(Fig. 4). Connect the scope to 
pin 6 of Z5. Momentarily 
short the anode of D1 to 
ground. Immediately follow¬ 
ing, a I microsecond pulse 
with a repetition rate of 
approximately 7 milliseconds 
should appear. This is the 
input sample rate. After a few 
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MICROCOMPUTER 
DICTIONARY AND GUIDE 

Charles J. Sippl and David Kidd 
This new microcomputer dictionary 
fills the urgent need for all com¬ 
munications people, computer 
people, engineers, scientists and 
industrialists to become quickly 
familiar with the terminology and 
nomenclature in a new revolution 
in computer control capabilities. 
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bols and techniques; binary number 
systems and switching theory; sym¬ 
bol charts and tables; summaries 
of BASIC FORTRAN and APL. In 
addition there is a comprehensive 
electronics/computer abbreviations 
and acronyms section. 

Price: $17.95 

CALCULATOR USER'S GUIDE 
AND DICTIONARY 
By Charles J. Sippl 

Contains comprehensive sections 
on (1) what's available in program¬ 
mable calculators in today's market 
— including comparisons (2) how 
to use most units ranging in price 
from $50 to $3000 (3) a 7000 
term dictionary section relating to 
calculators. 
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Speed (wpm) 27 Period 

60 22.22 ms 

66 20.20 ms 

75 17.78 ms 

100 13.33 ms 

Fig. 10. Z7 timing period for TTY output speeds. One new bit 
is output for each pulse for Z7. Higher speeds can be obtained 
by changing the timing components. 


seconds, it will change to a 
repetition rate of 8 micro¬ 
seconds (Fig. 61, Each time 
the system is reset, either by 
shorting D1 or by reapplying 
power, this pulse should 
repeat the same slow, then 
fast, repetition rate sequence. 
At this point the CPU is 
fetching and executing in¬ 
structions properly. 

Insert Z4, the 74LS74. 
Connect the scope to ZI, pin 
4. A negative-going pulse of 
approximately 50 micro¬ 
seconds duration should 
appear, with a repetition rate 
equal to the period set by the 
trim pot earlier (Fig. 7). Care¬ 
ful examination of this pulse 
will show some jitter in its 
width (Fig. 8). This amount 
should be less than 1 % of the 
pulse to pulse spacing. 

Connect a key from the 
input to ground. (If a keyer is 


switch positive voltages to 
ground.) Put the scope on the 
logic output pin. Set the 
timebase to 20 milliseconds' 
division. Send CQspaceCQ- 
spaceCQspace , .. After a few 
characters, the beginning of 
each character should trigger 
a series of pulses (Fig. 9), 
with the series following the 
space being twice as long 
(because it is Character-Space 
sequentially). These series of 
pulses are the serial TTY out¬ 
put. 

Connect the TTY machine 
or display as shown in Fig. 
11. Be sure to watch polarity 


and grounds. Fig. 11 also 
shows the configuration for 
TTL compatible outputs. 
Now the machine should 
print the correct translation 
of the input code. Word 
spacing will take three or four 
words to settle down. An 
automatic CR-LF-LTRS 
sequence will be output after 
the first word space following 
the 64th character of each 
line. Unless an unusually long 
word (such as micropro¬ 
cessor) is sent, this will pre¬ 
vent breaking up of words. 

The printer will normally 
be one character behind. This 
is because it is still measuring 
the space until the next mark 
comes along. Each character 
will be output as soon as the 
following one starts. 

There is a built-in buffer 
of approximately 40 char¬ 
acters which is designed to 
accommodate extra char¬ 
acters like FIGS, LTRS, CR, 
LF, etc. It will also allow 
input code speed to exceed 
TTY output speed for a brief 
time. The speed range is 
limited on the high end by 
the TTY machine speed used. 
For a 60 wpm printer, it will 
limit at about 50 wpm code 
speed, and for a 100 wpm 
printer, about 65 wpm code 
speed. A programming change 
to increase the sample rate 
used at the input will allow a 
higher upper limit, with a 
corresponding increase of the 
minimum from the normal 5 

There are two things to 
check in case of difficulty. 
First, be sure you are not 
running your letters together. 
It is a natural tendency to try 
to send as fast as possible to 
test this type of system, and 
this usually results in running 
letters together. Remember, 
the machine is relatively 



dumb, and doesn't know that 

.... is really “the" and not 
"6” because you don’t say “6 
real thing." 

The delayed audio feed¬ 
back caused by the printing 
delay can also raise havoc 
with your timing. A pair of 
headphones or a silent printer 
is the cure. 

The other thing to check is 
that the output speed is set 
carefully to match the TTY 
machine speed (within 1%). A 
clue to mismatch here is con¬ 
sistent errors such as extra Ts 
after, or instead of, spaces, or 
CR instead of spaces, etc. 
Also check to be sure the 
loop supply being used is 
compatible with the TTY 
machine. Newer models are 
fairly tolerant of open circuit 
voltage and exact current, but 
older machines are not. Sub¬ 
stituting a keyboard for the 
translator is a quick way to 
check this. 

Conclusion 

Your Morse code trans¬ 
lator will now operate from a 
key or keyer. I will be happy 
to attempt to assist in case of 
difficulty, but please send an 
SASE. ■ 


Reference List 

1. MCS 6500 MICROCOMPUTER 
FAMILY PROGRAMMING 
MANUAL, August 1975, MOS 
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MANUAL, August 1975, MOS 
Technology Inc., Norristown PA. 
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MOS Technology Inc., 950 
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Fig. 11. Output connections. 
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binary (base 2) number 
system. They are as follows: 


Number Systems 

— a brief history 


H ave you ever wondered 
about the term “binary 
number” that you have seen 
in electronics magazines? 
Since we already have a per¬ 
fectly good decimal number 
system, why complicate 
things with another? If you 
have a few minutes, here is 
your chance to learn more 
about number systems than 
you ever wanted to know. 

One of the most important 
achievements in the develop¬ 
ment of science has un¬ 
doubtedly been the invention 
of our decimal number 
system. Counting in units of 
ten must certainly be due to 
the fact that man has ten 
fingers. In some cases, some 
people have counted in units 
of five or twenty, which 
correspond to the use of one 
hand or of both hands and 
both feet. 

The main use of numbers 
in early times was for simple 
counting and record keeping. 
The numeration methods 
were designed chiefly for 
those purposes. With the 
development of trade and the 
sciences, the numeration 
became more and more inade¬ 
quate. It took a long time 
before an adequate number 
system was devised. The 



Greeks and the Romans did 
not succeed in this endeavor 
even though they achieved a 
rather high development in 
science. Just imagine per¬ 
forming simple arithmetic 
with Roman numerals, like 
dividing MMDXLVI by CCIX 
using Roman numerals only. 
About six hundred years ago 
any simple operations like 
multiplication and division of 
large numbers required the 
services of an expert. 

The Hindus and the Arabs 
are credited with the concept 
of positional value and the 
use of the zero, which are 
explained as follows. Con¬ 
sider the number 74638. We 
understand this to mean 7 x 
10,000 + 4x1,000 + 6x100 
+ 3 x 10 + 8 x 1. In the 
following numbers, the 4 has 
different values depending on 
its position: 42,000, 240, 
324. In the first number 4 is 
equal to 40,000, in the 
second its value is 40 and in 
the last just 4. Without aO to 
place in some of the posi¬ 
tions, how would you write 
three hundred and six if every 
position had to have a 
number? Use of the concept 
of zero enables us to write 
306. 

The positional values of 


the base ten number system 
are as follows: 

103 10 2 101 10°. 10-1 io-2 10-3 

You will note that in each 
case the value of the position 
is the radix (10) raised to 
some power. It is necessary to 
go to the right of the radix 
point (decimal point) in order 
to express fractional num¬ 
bers. 

The general expression for 
a number is then: 

N = ai (r)"-2 + a 2 (r) n - 3 +a3(r) l + 4 

+ a 4 (r)**-5 

In the above expression r is 
the radix or number base and 
the a values are the position 
numbers. In order to have a 
base ten number system that 
will translate most practical 
numbers we would have to 
make n = 5. Using the arbi¬ 
trary number 2307.602 as an 
example, and making n = 5, 
we derive: 

2(103) + 3(10 2 ) + OilOli + 
7(10°) + 6(10-1) + 0(10-2) + 
2(10*3) 

Note that any number raised 
to the zero power is equal to 
one (i.e., 10& = 1). 

Now we can calculate the 
positional values for the 


2° = 1 

21 - 2 

22 = 4 

2 3 = 8 

24 = 16 

25 - 32 

2° = 64 

2 7 - 128 
2« = 256 
2° - 512 
2l°»1024 

2-1 - .5 
2-2 * .25 
2-3 =,125 
2-4 =.0625 
2-5 =.03125 
2 6 =.015625 
2 7 =.0078125 
2-8 = 00390625 
2-° = .001953125 
2-1° - .0009765625 

We now have the conversion 
factors necessary to convert a 
binary number to a decimal 
number. 

Let’s consider the base 2 
number 0011100.0 and calcu¬ 
late its decimal equivalent. 

0x1=0 

0x 2 = 0 

1x4=4 
1x8=8 
1 x 16 = 16 
0x32= 0 
0x64= 0 

28 (base 10) « 0011100.0 
(base 2) 

It may not have been 
apparent from the pre¬ 
ceding, but the fact is that 
binary numbers are made up 
of Is and 0s only. If we were 
to design an electronic com¬ 
puter or calculator to use the 
decimal number system, we 
would find that the decimal 
number system was capable 
of the high speeds that are 
necessary but it would be 
very difficult to provide ten 
stable states so that the com¬ 
puter could handle the 
decimal numbers. Fortun¬ 
ately, any number can be 
represented in the binary 
number system, so computers 
are designed to use it. They 
might also use the base 8 or 
base 16 number systems, 





since these have similar 
properties. 

Electronic circuits have 
been devised that will add, 
subtract, multiply, and divide 
in the binary number system. 
If you are interested in these 
processes you could consult 
any text on computer design. 
Several are listed in the 
references at the end of this 
article. 

Just to stimulate your 
interest in the binary number 
system, let's try working a 


problem. First we need to 
know that in the binary 
system 1+1=0 plus a carry. 
The carry is into the next 
position (or 2^) so that 
properly 1 +1 =10. This 
happens in the decimal 
system also; for example, 9 + 
9 = 8 plus a carry into the 
10l column, so that 9 + 9 = 
18. Now let’s try out your 
new understanding of number 
systems on this little 
problem. Calculate the first 
five positional values to the 


left of the radix point in the 
base 8 number system 
(remember, 80 + 1). Then 
calculate the decimal equiva¬ 
lent of the octal number 40. 
The answers follow the 
references. 

Now that you are up on 
number systems, you don’t 
have to skip over the articles 
that refer to the binary num¬ 
ber system. Things like elec¬ 
tronic keyers use them, 
especially if there is a 
memory involved. A lot of 


the integrated circuits man¬ 
ipulate them also. Have 
fun! ■ 
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• Answers: 1, 8, 64, 512, 4096, 
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ASCII/Baudot with a PROM 

-- for ribbonless RTTY or computers 


V ideo displays are 
becoming increasingly 
popular in RTTY. In addition 
to eliminating the noise of 
mechanical printers (appre¬ 
ciated by the XYL), there is 
no mechanical maintenance 
or paper/ribbon changing. 
The video user has the ability 
to rapidly change baud rales 
for use in copying com¬ 
mercial stations and to use 
the video unit together with 
microprocessors. 

Commercial kits start at 
$395 and up. This dis¬ 


courages many RTTY enthu¬ 
siasts. Fortunately, South¬ 
west Technical Products has a 
video display unit for 
$190.50 with power supply 
called the CT-1024’. It 
requires the user to accom¬ 
plish his own Baudot to 
ASCII code conversion, 
which is the subject of this 
article. The result will be very 
close to the commercial units 
available with 3 exceptions: 

1. Page Sue. 

HAL RVD-1005 - Has 40 
characters/line, 25 lines for a 


total of 1,000 characters 
($575); Leland - Also has 
40 characters/line, 25 lines 
($395 in kit form); CT-1024 
- Has 32 characlers/line, 16 
lines for a total of 512 
characters. Another 512 are 
stored for a 2 page memory. 

2. Scrolling. 

Both the Leland and HAL 
units scroll up the page. That 
is, each new line appears on 
the bottom and pushes the 
remaining lines up one. The 
SWTP CT-1024, on the other 
hand, wraps continuously 
around the screen. When it 
gets to the bottom, it starts 
over again at the top of the 
screen. The blinking cursor 
identifies the current posi- 

3. Treatment of words at end 
of line. 

Both the HAL and Leland 


what prior to the actual end 
of the line on a space 
character, so as to not 
separate a word in the 
middle. This is not available 
on the CR-1024. It would be 
relatively easy to add with 
some counter ICs if needed. 

Basic Display Overview 

Fig. 1 shows the func¬ 
tional flow of data from the 
RTTY terminal unit to the 
video display. At this point, 
you have the equivalent capa¬ 
bility of the commercial dis¬ 
plays previously discussed. 

Fig. 2 shows three ways of 
getting from your present 
RTTY setup to the TTL logic 
level signals required by the 
BAC-2. Note that the output 
of the ST-5/ST-6 terminal 
units is the same as the 
RS-232C commercial data 
standard so that modem out- 










Fig. 2. Connection from RTTY loop to BAC-2. 


puts could be treated the 
same way. Two of the circuits 
are described further in the 
references. The current loop 
interface can be used with 
any terminal unit and may be 
of interest to non-RTTY 
microprocessor users who 
want to use Baudot teletype 
equipment. The current loop 
interface is totally isolated 
from the loop. 

Fig. 3A details the heart of 
the unit - the Baudot to 
ASCII converter — dubbed 
the BAC-2 (someone has 
probably designated a 
BAC-1!). The circuit pro¬ 
vides: 

1. Serial to parallel conver¬ 
sion of incoming Baudot 
signals using a UART and 
multiple speed clock for 
various baud rates. 

2. Conversion to ASCII using 
standard 8223 PROMs (pro¬ 
grammable read only 
memories). 

3. Letters/figures case 
shifting from the 8223s to U4 
wired as a cross coupled flip 
flop. 

Fig. 4 details the connec¬ 
tion of the BAC-2 basic unit 
to the SWTP CT-1024 
terminal unit. Keyboard con¬ 
nections are specified - the 
user can also go in via the 
pins on the back of the unit. 
With parallel data, keep the 
lines between the BAC-2 and 
CT-1024 extremely short. 


Over 18 inches and ringing is 
likely to occur. The BAC-2 
might be mounted right on 
the CT-1024 as shown in the 
picture. 

Optional Circuits 

Up to this point I have 
described using the BAC-2 
primarily for RTTY copying. 
This will undoubtedly serve 
the needs of many readers. 
However, with micropro¬ 
cessors becoming more avail¬ 
able and inexpensive every 
day, you might want to plan 
ahead now. I have a micro¬ 
processor using the Motorola 
6800 CPU that provides all of 
the functions of RTTY 
Selcal, CW and RTTY ID, 
FIFO/UT-4 buffer storage, 
automatic transmitter con¬ 
trol, ASCII-Baudot code con¬ 
version, and numerous other 
RTTY goodies. Use of a 
microprocessor is very easy 
and far less complex than 
wiring up a lot of discrete 
components for functions. 
Moreover, the functions can 
be changed much more 
quickly and easily by just 
changing the program. 

If your future plans call 
for a microprocessor, you 
should plan now to get into 
serial mode rather than 
parallel mode for transferring 
data. Parallel mode has two 
disadvantages from my point 
of view: 


1. Line lengths and inter¬ 
facing techniques get tricky 
as you add devices and 
circuits. Serial start-stop, on 
the other hand, is very for¬ 
giving and insensitive to 
glitches on the leading and 
trailing edges of pulses. 

2. It is a snap to switch 
electronically between several 
input and output devices in 
serial mode. With parallel 
data either data selectors 
(such as the 74157) or tri¬ 
state buffers are needed. 
Further, the timing sequences 
for strobe pulses to indicate a 
character ready get pretty 
tricky with tri-state devices. 
Timing chips and extra 
circuitry will quickly cost far 
more in dollars and time than 
a couple of UARTs. 

Fig. 5 shows a functional 
overview using the BAC-2 in a 
RTTY system with serial data 
flows. All data is flowing in 
TTL logic format (Mark = +5 
V, Space = 0 V). Other units 
you may have can be readily 
added by converting them 
from/to serial mode. While 
the NAND and inverter gates 
don’t really belong in a func¬ 
tional diagram, they help 
show how the pieces are 
integrated. The only things 


needed to be added for com¬ 
plete versatility are some 
switches to select/control the 
serial data flows as needed for 
use with the microprocessor. 
They can be omitted at this 
point for display use only. 
Note that the 8th or parity 
bit is ignored in all ASCII 
circuits. The steps through 
Fig. 3A are the same as the 
basic unit discussed pre¬ 
viously. In Fig. 3B a PISO 
(Parallel to Serial Output) 
circuit is shown. The NE555 
timer should be set to 110 Hz 
for 110 baud or 300 Hz for 
300 baud use. It is simple and 
reliable and is discussed in 
depth in the TTL Cook¬ 
book"^. Note some deviations 
from the TTL Cookbook 
diagram - the circuit as 
shown in the book does not 
work. Probably some minor 
typos in printing of the book. 
The same circuit is shown 
again in the path from the 
ASCII keyboard (if. used) to 
the serial data flow. Use of an 
optional circuit between the 
keyboard and PISO to do 
things like repeat key, 
counting characters, and so 
forth may be desirable and is 
discussed in a past issue of 
733 . 



The BAC-2 and PISO. Optional Circuit Board. A pack of 
cigarettes is included to show size and is not required for 
successful operation. 









Fig. 3. Baudot to ASCII converter. U7: UART (see text). U2: NE555 timer. U3: 7404 
6-inverter. U4: 7400 4-NAND. U5, U6: 8223 PROM. U7: 74165 PiSO register. U8: 7474 flip 
flop. U9: NE555 timer. All resistors: A W 20%. SI: single pole, 4 position rotary. LED: any 


LED. 

Use of two gates provides 
the mixing of ASCII signals 
from the keyboard, BAC-2, 
and/or microprocessor. If not 
using a micro at this time, 
simply leave the connections 
open and tie the ASCII from 


the microprocessor to +5 V 
for now. 

Fig. 6 shows a serial to 
parallel (SIPO) converter to 
front end the CT-1024 
terminal. Not much to hook¬ 
ing it up. SWTP also has a 


CT-S kit available for $39.95. 
It involves a lot of conver¬ 
sions from/to the commercial 
RS-232C standard, which- is 
nice if you use it. The SIPO 
circuit can be built for less 
than $10 depending on where 
you get the UART. 

We use Fig. 4 again to 
interface from the SIPO to 
the CT-1024 terminal. Same 
leads and terminology — just 
a different source. 

Fig. 7 is optional and con¬ 
verts the serial data from TTL 
to the commercial RS-232 

BAC-2/SIPO 


BO 

B1 



+5 

-12 

GROUND 


standard for use with an 
“outside world" terminal 
such as commercial computer 
video displays, printers, or 33 
teletypes with RS-232 con¬ 
version built into the TTY. 

At this point, you are 
probably wondering where 
the ASCII to Baudot circuit 
is. We have everything flow¬ 
ing everywhere but back to 
the teletype. The answer is 
there isn’t any! The micro¬ 
processor provides the tool 
for the code conversion and 
the FIFO type buffering of 
data. If you don’t plan on a 
micro, a circuit to convert 
from ASCII to Baudot can be 
constructed and was 
described in a recent 73 
issued, jhe micro also pro¬ 
vides for CW/RTTY ID, 
"Here is” Key, and other 
goodies to the RTTY system. 

Construction of the BAC-2 

The circuit was con¬ 
structed using wire wrap 
methods. Not only is it inex¬ 
pensive, relatively fun (you 
can overlap wrapping and 
watching TV at the same time 
with the family), but also 
totally flexible as far as 
experimenting and making 
changes. Requirements are a 
wire wrap tool?, some wire 
(#30 Kynar - $10 for 1,000 
feet usually, or available pre¬ 
stripped), a wire stripper 
(filing a notch in a pair of 
needle nose pliers with cutter 
is good), wire wrap sockets, 
and a board. Radio Shack has 

CT-1024 Connector J9 


8 

12 

10 



CT-1024 Connector J3 

CT-1024 Wiring Option 
Jumper 1 to 3 for negative going strobe. 

Fig. 4. BAC-2 parallel interface to SWTP CT-t024 terminal. 










Fig. 5. Functional overview — serial option. 


a new board (276-152) for of the UART cannot be used 
$2.99 which provides space for the serial ASCII output in 
for 1C sockets and a dual 22 Fig. 3B due to the limitation 
pin edge connector. The that it be used with either 5 
mating connector (276-1551) or 8 bit code on both sides 
is also $2.99. Watch out for (you can’t split it). When a 
some boards that have holes valid character has been 
every .200 inches rather than received by the UART, the 
.100 inches per the catalog data received line (pin 19) 
specs. Somehow these crept goes high. It is inverted and 
into stock in a few stores and connected to the data 
should be avoided. The board received reset (pin 18) to 
includes the PISO circuit of reset the UART. The data is 
Fig. 3B. You may want to available prior to the data 
consider crystal control of received line going high and 
the baud rates using circuits stays so until the next 
that have appeared from time character comes along allow- 
to time in the RTTY journal ing plenty of time for the 
or 73 Magazine, if a counter 8223 PROMs to convert the 
is not available. I have had no code. The reset (pin 18) gives 
trouble with the NE555 us a strobe line that is nega- 
timers. Of interest in Fig. 3A tive going to trigger the PISO 
is an LED indicator con- circuit or the CT-1024 
nected to pin 14 of the terminal depending on 

UART. If it flashes, the hookup, 

incoming data has no valid The received data (pins 
stop bit. This is super for 12-8) of the UART are 

copying commercial stations buffered by 7404 hex 

with varying shifts, baud inverters to protect the 
rates, and upright/upside UART, provide the drive for 
down shifts. Just experiment more than one code converter 
with the controls until the chip, and allow use elsewhere, 
bad stop LED goes out. Code conversion is accom- 

Readers who have built a plished by two 8223 PROMs. 
UT-2/UT-4, or other equip- These are available from a 
ment incorporating a UART, variety of sources. A self-pro- 
can skip U-1 and U-2 in the gramming technique was 
diagram and connect directly described as a part of another 
to the code conversion circuit in 73.8 The author of 
circuits in parallel form. Like- that article also mentions 
wise, the UART can be used references for programming, 
to up speed convert at no Fig. 8 shows the bits to be 
extra charge by wiring up the programmed (blown to 1) on 
transmit side of the UART to the 8223s. These are the 
convert all Baudot to, say Mark-Sense cards used by 
100 wpm.6 The transmit side Hamilton-Avnet, a major 



The BAC-2 converter board (subject of this article). The one 
chip on the side opposite the 5 trim pots is not part of the 
article circuit (corrects an error in programming my PROMs). 

wholesale distributor of ICs. 

Hamilton charges $8.95 each 
to provide an 82S23 (newer 
version of the 8223) already 
programmed ($6.45 + $2.50 
programming) per the specs 
of Fig. 8 if you have prepared 
the card. The cards shown are 
for unshift on space — bit 7 is 
used to select the other chip 
when going from letters to 
figures. Terminology for the 
two chips is described in Fig. 

8 for communication pur¬ 
poses together with the 
distinction between having 
unshift on space or not. If 
you want the option of 
switching between unshift on 
space or not, you might add 
another 8223 with a switch 
to the enable line (pin 15), or 
add some gates to select the 

Fig. 6. Serial in I parallel out (SIPO) for ASCII code, jumpers: 
A — B, 2 stop bits; A - C, I stop bit. Adjust for 16x baud 
rate: 110 baud = 7 760 Hz; 300 baud = 4800 Hz. 



Fig. 7. TTL to RS232-C conversion. 










Flip side of BAC-2 board. The wire for wire wrapping is a very 
pate yellow and doesn 7 sho w very well. 



character yourself. Note that 
the Baudot control functions, 
Letters, Figs and Blank, are 
all translated to the ASCII 


Rubout (all Is) character to 
be ignored by either your 
microprocessor or video 
display. The two 10 uF 


capacitors prevent the flip 
flop for letters/figures from 
triggering as the 8223s change 
state. 

The CT-1024 Display Unit 
Construction 

The SWTP display unit is 
available in kit form for 
$190.50.1 Boards only are 
also available for $47.50. The 
ICs and discrete components 
can be purchased from 73 
advertisers for $50-70 in 
total. Readers with a well- 
endowed junk box might 
want to go the board route to 
save money. Caution: The 
boards are very complex and 
built to excellent and exact¬ 
ing standards by SWTP. I 
would not recommend 


attempting to make them 
yourself or to purchase them 
from anyone other than 
SWTP. Radio Electronics 9 
magazine carried a series of 
articles on the CT-1024 if 
you want to read more prior 
to making a decision (the TV 
Typewriter II in the series). I 
don’t recommend the TV 
Typewriter I (Sept. 73 RE), 
as some additional interfacing 
is needed for it to properly 
handle the line feed, carriage 
return, no display of rubouts, 
scrolling, clear, etc. The TVT 
I is tough to use either with a 
micro or RTTY without 
extensive rework. 

A feature not described by 
SWTP is to tie pin 3 to 7 of 
the cursor socket (J3). This 
causes the CT-1024 to clear 
the next line upon receipt of 
a CR/LF combination. With¬ 
out this, it provides a very 
confusing display. It auto¬ 
matically starts a new line 
and clears it when the end of 
a prior line is reached (non¬ 
overline) when wired this 
way. 

Assuming that you have 
built up the CT-1024 in one 
form or another, the next 
step is to interface it with a 
TV set. The CT-1024 instruc¬ 
tions provide an interface to a 
Motorola TV. LancasterlO 
discusses interfacing video 
signals to TV sets in depth in 
a recent BYTE article, and 
will have this available in a 
"TV Typewriter Cookbook” 
shortly. You should be able 
to test the CT-1024 by 
grounding the data line that 
you want to be a zero and 
then grounding the strobe 
line to see that it is working. 
An ASCII keyboard could 
also be attached to check it 
out. 

The SIPO (Serial In/Parallel 
Out) Circuit 

The circuit in Fig. 6 can be 
readily constructed on perf- 
board or the same Radio 
Shack boards discussed pre¬ 
viously. Set the NE555 timer 



or space. 

iis 

















rate to 16x the baud rate; i.e., 3. Western Digital — fully, you will be able to back can be done via the 

for 110 baud/10 characters TR1602B. select the options that you program. This enables SWTP 

per second, 1760 Hz would These are readily available want. The Baudot to ASCII M6800 microcomputer 
apply. Jumper A to B for 2 from 73 advertisers and other circuit (BAC-2) in and of system users to use 5 level 

stop bits (110 baud), and A sources. itself may be useful for work- equipment and avoid going 

to C (300 baud +) for 1 stop ing with a microprocessor in to ASCII equipment. I do not 

bit as necessary. Summary that the program to convert have a source for printed 

I have discussed various back again can be readily circuit boards - let 73 adver- 

Conversion to RS-232C ways of setting up the conver- loaded from 5 level paper tisers know if you need them 

Standard Data Logic sion from Baudot to ASCII tape using Baudot equipment, and perhaps someone will 

Fig. 7 shows possible ways and the video display. Hope- Once loaded, the conversion make them up. ■ 

to convert from TTL to 
RS-232C logic. Either results 
in pretty much the same 
thing. The trade-off is what 
power you have available 
versus using discrete com¬ 
ponents. 

UART Considerations 

The UARTs specified in 
the various circuits are the 
“standard" variety. Makers 
and models are as follows: 

1. Texas Instruments — 

TMS6011. 

2. General Instrument — 

AY-5-1013 or AY-5-1014. 

The 1014 is nice in that no 
—12 V is needed - pin 2 is 
left unconnected. 






















T he recent arrival of pro- 
grammable pocket 
calculators at more affordable 
prices offers the serious ham 
a new tool to improve his DX 
through proper antenna 
orientation. It also gives him 
a very good excuse for buying 
one of those very interesting 
new calculators that can be 
taught to perform in seconds 
what would otherwise be a 
rather messy calculation. 
After all, with the investment 
already made in a two gallon 
linear, hundred foot tower, 
and stacked yagis, it would be 
a shame not to get through 
the pileup because the 
antenna was pointed wrong. 
So will buying a program¬ 
mable calculator fix this? It’s 
not quite that easy, but even 
if you know nothing of com¬ 
puter programming and aren’t 
too good in math, you can 
program this very useful com¬ 
putation. 
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Chester H. Brent WB4GVE 
149 Indian Hill Drive 
Greenevilie TN 37743 


Aim Your Beam Right 

-- with a programmable calculator 


Before proceeding further, 
some mention should be 
made of current practices 
among amateurs. All too 
often a ham utilizes great 
circle maps or azimuth infor¬ 
mation determined for a loca¬ 
tion considerably different 
from that of his QTH. This 
error, together with the toler¬ 
ances encountered in orienta¬ 
tion toward true north, 
mechanical drive backlash, 
and direction indication, can 
result in an appreciable loss 
of signal strength in the 
desired direction. The worst 
part is that the better the 
antenna, the less tolerant it is 
of error in direction. 

The problem of finding 
true north, orienting the 
antenna, zeroing out the indi- 


City Lat. 

Bogota 4.5 

Calcutta 23.6 

Canton 23.1 

LaPaz -16.5 

Perth -32.0 

New York 40.8 

Los Angeles 37.8 


cator and backlash error, and 
using maps and/or formulas 
for determining direction are 
all covered in various ham 
publications. Assuming 
proper attention to all the 


Long. Azimuth 

-74.3 158.6 

88.4 4.0 

113.3 339.3 

-68.4 158.8 

115.9 290.3 

-74.0 91.5 

-122.4 272.9 


mechanical requirements 
yields acceptable accuracy, 
determination of the proper 
direction is the next concern. 
Great circle maps are good if 
your QTH happens to be near 
the map center. Otherwise, 
you are left with the pin, 
string, and globe approach. 
There are spherical trigo¬ 
nometry formulas one can 
use, but nobody in his right 
mind would recommend 
them. If one is reasonably 
careful in performing the cal¬ 
culations, a “correct” angle 
can be determined. Whether 
the angle is positive or nega¬ 


tive, is referenced to north or 
south, or is the long or short 
path, is much in question. 
After much frustration, I set 
about to find a means of 
determining the azimuth 
from my QTH to any point 
on the earth without having 
to perform any calculations, 
map perusal, or thinking. 
Also, I had to find some good 
use for that HP-55 I had 
bought on impulse. (The 
XYL says the main difference 
between men and boys is the 
price of their toys.) 

My math was too rusty to 
rely on, so I engaged a friend 


Table 1, Practice examples (azimuth from Chicago: 
41°52'N., 87°38’ W.). 
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and math major to help 
develop a formula which not 
only could be programmed 
with a minimum of key 
strokes, but also permitted 
the calculator (not me) to 
determine the short path with 
a test and conditional branch. 
The basic formula is included 
in case you need to modify 
the instructions for a 
different instruction sequence 
(the algebraic vs. RPN 
system). For Hewlett-Packard 
and probably other RPN 
types, you can go right to the 
program. 



The procedure to follow is 
simple. The PRGM switch 
places the calculator in the 
learn position. The program is 
loaded into memory by key¬ 
ing in the strokes listed on 
the Program Form. The 
switch is placed in the run 
position, the BST button sets 
the program at the starting 
point, and you are nearly 
ready to start. There is some 
information that must be 
loaded into memory (because 
there wasn't room in the pro¬ 
gram for it and it can change 
for different QTH locations). 
This information is the QTH 
latitude, cosine of this 
latitude, QTH longitude, and 
two constants, 180 and 270. 
The formula was derived with 
east longitudes and north 
latitudes being positive num¬ 
bers. The CHS (change sign) 
key must be used for south 
latitudes and west longitudes. 
Maybe that doesn’t sound too 
simple, but it is only done 
one time. From then on the 
calculator displays the short 
path azimuth to any point if 
the latitude of the remote 
location is entered (ENTER), 
followed by the longitude, 
and the pressing of R/S. 

The calculator can be left 
on in the shack and used to 
perform other calculations 
without affecting the stored 
program. The HP-55 has a 


clock for timing QSO IDs or 
can be used for metric and 
temperature conversions 
needed for foreign contacts. 
One precaution: Run the ac 
charger cord through 
grounded braid if there are 
large rf fields around. A 
further suggestion: Determine 
the azimuths to a few places 
in the manner you currently 
use, take this program to 
your friendly calculator 
dealer and have him check 
you out before you spend 
your money. 

The basic formula is: 





Xt » latitude of QTH 

11 = longitude of QTH 

X2 - latitude of distant station 

12 = longitude of distant 

station 

If the difference of longi¬ 
tudes (1 2 — 11) lies between 
zero and 180 degrees, then 
180 must be subtracted to get 
the short path azimuth. Also, 
to avoid the denominator 
becoming zero (division by 
zero not allowed), some small 
amount can be added to the 
home QTH longitude (like 
0.00001) when that constant 
is entered. 

The following example 
happens to be the same as 
that in the ARRL Antenna 
Handbook. What is the 
azimuth from Chicago to 
Cairo? (Chicago: 41°52* N, 
87°38' W) Converting to 
decimal degrees, key in 41.87 
STO 1, f cos STO 2, 87.63 
CHS STO 3, 180 STO 5, 270 
STO 6. 

To find the azimuth from 
Chicago to any place, key in 
the other place's latitude and 
longitude, available from an 
atlas, map, or world almanac. 
(Cairo: 30°00’ N, 31°14* E) 
Key in 30 ENTER, 31.23 
R/S, and read the answer 
displayed as 49.35° or 49° 
20', the clockwise azimuth 
from true north. ■ 


We’re Fighting Inflation... 
No Price Rise for ’76 

FOR FREQUENCY STABILITY 

Depend on JAN Crystals. Our large stock of quartz 
crystal materials and components assures Fast 



CRYSTAL SPECIALS 

Frequency Standards 

100 KH Z (HC 13/U).$4.50 

1000 KH Z (HC 6/U). 4.50 

Almost all CB sets. TR or Rec .$2.50 

(CB Synthesizer Crystal on request) 

Amateur Band in FT-243 .ea. $1.50 

.4/$5.00 


80-Meter . $3.66 (160-meter not avail.) 

For 1st class mail, add 20* per crystal. For Airmail, 
add 25*. Send check or money order. No dealers, 
please. 



MOVING} 


Let us know 8 weeks in advance so that you won’t miss a single 
issue of 73 Magazine. 

Attach old label where indicated and print new address in space 
provided. Also include your mailing label whenever you write 
concerning your subscription. It helps us serve you promptly. 


Write to: 



magazine 

Peterborough NH 03458 


a Address change only 
o Extend subscription 
Q Enter new subscription 
ol year SI 0.00 


o Payment enclosed 
(1 extra BONUS issue) 
a Bill me later 


city. 


If 




• label handy, print OLD address here. 
_ call_ 
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AMAJSB/CW 50.0 - 51.0 

AM/USB/CW 144.0 ■ 146.0 

AM/USB/CW 221.0 • 222.5 


Out-of-state stations determine their 
score by multiplying the number of 
QSOs limes the number of different 
West Virginia counties worked (55 
maxi. This total is then multiplied by 
the power multiplier as defined above 
for the total score. West Virginia 
stations multiply the total number of 
QSOs by the sum of the different 
WVA counties, US states, and ARRL 
countries worked. This result is then 
multiplied by the power multiplier to 
determine the final score. 

AWARDS: 






















































































































































































WILLOW SPRINGS IL hlld TT pm. ’“'r* "prirc S200 

JUNE 13 Savings Bond. Talk-ins on 146.10/.70 


Turkey Run Hamfest has MOVEDI monies. Talk-in 146.52. For more 
New location is the Vigo County information write WB5CXX, P.O. Box 
Fairgrounds on Highway 41 just 5191, Texarkana TX or phone (214) 


The 19th Annual ABC Hamfest will - 146.52 - 146.16/.76. South of Terre Haute. There will be 8380625 


be my guest 


>u happen to live If it 

































































































































































ATTENTION METRUM II 
OWNERS 



synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 

For complete details and photo 
see our half page ad in the May 
issue of this magazine. 

VANGUARD LABS 


500 !1Z SCALED MODULE 



Only 1.55x 1.65 x.4 inches 

Fits light into existing equipment 
High sensitivity: 35 mv, at 500 MHz 
15 mv, at 150 MHz 
Input impedance: 50 Ohms 
Requires 12 to 15 V dc at 100 mA 

TTL compatible output F|jy/10 
Overload protected 

PS-M prescaler module wired & tested 

$ 99.00 plus $.85 shipping 
WRITE FOR DATA ON ENTIRE LINE OF 
PRESCALERS 

All orders please add $.85 for shipping Calif, 
residents add 6% sales lax 

uevv fleeBBtafEB 

P.O. Box 961. Temple City. CA 91780 


YOUR HAM TUBE 
HEADQUARTERS! 


TUBES BOUGHT. SOLD AND TRADED 

S I VE $$$ HIGH SS$ FOR YOUR TUBES 


MONTHLY SPECIALS 

3CX1000A7/8283 $225.00 81 

3CX1500A7/8877 - - 

3-500Z 
3-1000Z 


205.00 813 1 

48.00 6146B 
120.00 6360 


572B 22.00 8950 

Eimac Tubes & Accessories In Stock 
Write or phone for types not listed 

BRAND NEW** #1, FACTORY GUARANTEED 


TOP BRAND Popular Receiving Tube Types. 
BRAND NEW 75%+ Off List'Factory Boxed. 
FREE LIST Available - Minimum Order S25. 


<8K> 


COMMUNICATIONS, Inc. 

Brooklyn, NY 11235 
Phone (212) 646 6300 


SER VING THE INDUSTRY SINCE 1922 



































































































CLOCK KIT $14.00 

Includes all parts with MM5316 chip, 
etched & drilled PC board, transformer, 
everything except case. #SP284 $14 
2/$25 


5 VOLT 1 AMP REGULATED power supply kit for logic work. All parts inc 
LM 309K #PK-7 $7.50 

DUMMY LOAD resistor, non-inductive, 50 ohm 5 watts 3% $1.00 
AA NICAD CELLS brand new, fine biz for handy talkies. $1.25 ea 9/S9.00 
ASCII KEYBOARD brand new w/ROM chip, data package $45.00 


POWER SUPPLY MODULE 

New, plug-in module. Plugs into AC outlet provides 12 
volts AC at 54 amp by two screw terminals. Great for 
various clocks, chargers, adding machines, etc. New 

$2.50 ea. 5/$10.00 


LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 354 x 454 
x 954 inches. $25.00 each 5/S110.00 

TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 254 x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/S25.00 

LINEAR by RCA, brand new, gold bond process. 



E. Lynn, Massachusetts 01904 
























-2 MEIER (If STIIS II SIICI- 

We can ship C.O.D. first class mail. Orders can be paid by: check, money order. 
Master Charge, or BankAmericard. Orders prepaid are shipped postage paid. Phone 
orders accepted. Crystals are guaranteed for life. Crystals are all $5.00 each (Mass, 
residents add 25tf tax per crystal). U.S. Funds Only 

We are authorized distributors for: Icom and Standard Communications Equip¬ 
ment (2 meter) 

Note: If you do not know type of radio, or if your radio is not listed, give fun¬ 
damental frequency, formula and loading capacitance. 

LIST OF TWO METER CRYSTALS CURRENTLY STOCKED FOR 
RADIOS LISTED BELOW: 


1«. Drake TR-22 

2*. Genave 

3«. Icom/VHF Eng. 

4« Ken/Wilson /Tempo FMH 

5*. Regency HR-2A/HR212/Heathkit HW-202 


6*. Regency HR-2B 
7«. S.B.E. 

8». Standard 146/826 
9«. Standard Horizon 


1. 6.01T 9. 6.13T 17. 6.19T 25. 6.31T 33. 6.52T 41. 7.03R 49. 7.15R 57. 7.27R 

2. 6.61 R 10. 6.73R 18. 6.79R 26. 6.91R 34. 6.52R 42. 7.66T 50. 7.78T 58. 7.90T 

3.6.04T 11. 6.145T 19. 6.22T 27. 6.34T 35. 6.55T 43. 7.06R 51. 7.18R 59. 7.30R 

4. 6.64R 12. 6.745R 20. 6.82R 28. 6.94R 36. 6.55R 44. 7.69T 52. 7.81T 60. 7.93T 

5. 6.07T 13. 6.16T 21. 6.25T 29. 6.37T 37. 6.94T 45. 7.09R 53. 7.21R 61. 7.33R 

6. 6.67R 14. 6.76R 22. 6.85R 30. 6.97R 38. 7.60T 46. 7.72T 54. 7.84T 62. 7.96T 

7. 6.10T 15. 6.175T 23. 6.28T 31. 6.40T 39. 7.00R 47. 7.12R 55. 7.24R 63. 7.36R 

8. 6.70R 16. 6.775R 24. 6.88R 32.6.46T 40. 7.63T 48. 7.75T 56. 7.87T 64. 7.99T 

CRYSTALS FOR THE IC-230 SPLITS IN STOCK 13.851111 MH? 65. 7.39R 


Special! Only $249.95. Get 8 crystals of your 
choice for only $2.50 more with purchase of 
IC-22A. 

READY TO GOON: 


















































































7£ READER SERVICE 


Circle appropriate Reader Service # for desired 


propagation 


company brochures, data sheets or catalogs and mail 
in to 73. Include your zip code, please. Send money 
directly to advertisers. LIMIT: 25 reouests. 


ADVERTISER INDEX 



□ NEWSSTAND □ SUBSCRIPTION 

READER SERVICE 

73 Inc.. Peterborough NH 03458 
JUNE 1976 

Please print or type. 

Name Call 

Address — 

City 

State Zip 

Coupon expires in 60 days. .. 


EASTERN UNITED STATES TO: 
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AMATEUR RADIO 



I COMPUTER SECTION 


HEY CBers... 

HAMS work the WORLD! 

Read about the FUN of hamming in 73. 


Perfect CW - QRP — Counter - FAX — Repeatermeister - Nixie Clock - SSTV - Timer - Marine Radio - 
TV Typewriter Project - Computer Morse - Power Supply Testing - and MUCH, MUCH MORE! 




3 # 



30 

The Mini-Mite All¬ 
band QRP Rig - 

runs a mighty 
seven Watts 
WA7SCB 


36 A Fun Counter Project - an invaluable 
test instrument for under $50? 

Plavcan 

44 Build a FAX from Scratch - then get 
satellite pictures and other things 
W4NK 

58 Der Repeatermeister - repeater control, 
with ID 
WA1UFE 

64 Lightning and Thunder and Other Stuff 

— can J. Bach be a relative of P. D. Q. 
Bach? 

Bach 

70 Behold the Giant Nixie Clock — using a 
minimum of new parts 
W4LLR 

76 Creative SSTV Programming - how to 

put pizzazz into your show 
WB8DQT 

79 Don't Build This Project - watch for my 
W8LWS 

80 CW Regenerator/Processor - also has 
TTL output for digital work 

W6GXN 


84 Dependable Timer — for darkroom, 
repeater, etc. 

W1HCI 

88 What's Up on 156 MHz? - meet the 
marine world above 2m 
K3RXK 

92 Oops! There Goes the Power - keeping 
digital clocks going anyway 
W4CUG 

94 TT Pad for the Wilson HT — and a belt 
dip mod, too 
WA1L0U 



#189 JULY 1976 
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A RTTY/Compu- 
ter Display Unit - 
Baudot, ASCII, 
TTL, RS232, etc., 

Roloff 



[j^133 Your Computer Can Talk Morse - 

even a computer can learn the 
code! 

Whitfield 



K3VNR 

150 The Super Transmatch - match almost 
anything! 

Staff 

160 Simple VHF Monitor - converter for a 
transistor radio 
W6JTT 


4 Never Say Die 
7 Be My Guest 

7 Ham Help 

8 Ancient Aviator 
10 Contests 

12 Letters 
15 AMSAT 

15 For Your Eyes Only 

16 Social Events 

17 Briefs 

41 New Products 
107 I/O Editorial 
155 FCC 
176 Reader Service 
176 Propagation 


COVER: Oils on masonite, by 
Jerry W. Geiger, DelafieldWI. 


73 Magazine is published monthly 
by 73, Inc., Peterborough NH 
03458. Subscription rates are a 

worldwide, $17 for two years, 
and $17.76 for three years. 
Second class postage paid at 
Peterborough NH 03458 and at 
additional mailing offices. Phone 
603-924-3873 Microfilm edit,on 
- University Microfilms, Ann 
Arbor MJ 48106. Tapes - Science 
for the Blind, 332 Bock Hill Bd, 
Bala Cynwyd PA 19904. Entire 
contents copyright 1976 by 73, 
Inc. INCLUDE OLD ADDBESS 
AND ZIP CODE WITH 
ADDBESS CHANGE NOTIFICA¬ 
TION. 








































the major reasons why I am pro- the chap with her. who was hurt in tight for at least six weeks before 

hibited from speaking at most ARRL the crash, were taken to Saipan. AMATEURS TEST getting nervous ... our computer is 

conventions is that I tell it like it is. When I visited Saipan a few patrol EMERGENCY LOCATING over gg miles away and it takes 

Note that the Denver ARRL Conven- runs later. Amelia was mentioned SYSTEM agss to make changes or find out what 

tion was forced to cancel my invita- again and the story was that both she A test was run recently via Oscar 7 is happening. Dotty is here to help 






















be my guest 


visiting views from around the world 


Tornado Alert 


Radio and television programs are 
cut short by a special tornado watch 
bulletin issued by the National 
Weather Service at Dress Regional 



larger group of residents in the Tri- 
State who volunteer their time as 
"spotters" for the weather service. 

The procedure for sighting funnel 
clouds and alerting the public has 
become more sophisticated with the 


period — April and May - when 
maximum tornado activity has tradi¬ 
tionally occurred. 

Loffredo says the idea of a 
"tornado season" is a myth, because 


"As a concentrated force," 
Loffredo describes tornadoes as the 
"most powerful of storms." Some of 
the worst tornadoes occurred on Palm 
Sunday, 1965, when about 50 twisters 
slammed into five states, including 






















Amelia 

When I pm the cover on my type- business of changing a small flying 
writer last month, I had just returned field into an airport. The Ludingions 
from a 25 day swing around the Had already engaged the Airport 
country on an inspection tour of the Development and Construction Corn¬ 


included two hangars with lean-tos for 
shops and offices, a combination 

boundary lights, a beacon light tower, 
a BBT floodlight for night landings 

public swimming pool and a miniature 
golf course, and leased a corner lot for 

When I got back from my survey 


Philadelphia in plenty of time for hef 
luncheon engagement. Next day (also 
on the Chamber of Commerce) I took 


her on an aerial tour of the "City of 


Brotherly Love," 


Later in April, Brooks Parker, an 


Grace, Md, One hitch was that ho 



included all transportation, meals, as an office during the construction 
hotels, entertaining, etc. That was in period. 

1929 when waiters, no matter how There is nothing very exciting 
insulting they might be, would only about building an airport, so I’ll spare 
get a 10% tip. you the details. It took nearly a year 


a clipped wing Waco 9, 3 Waco 10s started a summer weekend line from 

with different engines, a Fairchild Central Airport to Cape Cod, 

FC2. a Fairchild 71 and a Travelair departing Central Friday afternoon 

6000. Then, for fun, they had a and arriving back Monday morning. 
Taperwing Waco. My flying for them The Fairchild 71 and Travelair 6000 

included passenger hopping, testing, were assigned to the run and four 
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BELLEVILLE Ml 
JUNE 6 

b Southeastern Michigan A 


ir Radio Hamfest will be held Sun- Sunday, J 


MANASSAS VA 
JUNE 6 

The 01# Virginia Hams A.R.C. i 
sponsoring its second annual Mi 
Atlantic area "Quality" Hamfest fc 


continuously. We are planning on a 
rather large flea market and, of 

and media conversion facilities will be 
available. 

More complete information ami 
tickets can be obtained by writing to: 
The Midwest Affiliation of Computer 


held at 3 pm. First prize: S200 
Savings Bond. Talk-ins on 146.10/.70 
- 146.52-146.16/.76. 





































































































Arny Cain WB4FDQ 
2306 South Ruffner Road 
Melbourne FL 32901 


Handy Dandy Soldering Iron 
Cooler Offer 


H ey baby, how does that 
title grab you? If you 
are at all like me (and you 
must be something like me or 
you wouldn’t be reading this 
article, let alone the maga¬ 
zine), you enjoy finding solu¬ 
tions to the nagging little 
everyday problems found in 
our favorite hobby. The 
gadget in the photographs is 
my solution to a little 
problem that has bugged me 
for years. I am sure that there 
are many of you who have 
been faced with the same 
irksome situation: what to do 
with the mini-iron that you 
need for working on tran¬ 
sistors and ICs, when the 
damn thing is up to working 
temperature and you need 
the hand to do something 

In other words, where can 
you put it down? Like you, 
I’ve tried ashtrays, saucers, 





boards with nails, etc. Well, I 
finally decided to do some¬ 
thing about it, and I don’t 
mean buy a factory-made 
stand. Oh, I could have done 
it that way but for two 
reasons. First, I’m cheap! 
(Besides, it's more fun 
figuring it out for yourself.) 
Second, the factory-built 
stands only give you a place 
to put the pesky iron down, 
and I figured that if I was 
going to build a holder, I 
might just as well build one 
that controlled the tempera¬ 
ture of the iron as well. As 
you may have guetsed by 
now, I’m one of those lazy 
guys who never buys what he 
can build, and never builds a 
gadget to do one job if it can 
be made to do more. 

A quick look at the photos 
will show that this is a project 
built one hundred percent 
from genuine junk box parts, 
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Fig. I. D1, D2 - 300 V 3A diodes; SI SPST toggle switch; 
S2 2PDT rotary switch; S3, $-i - SPOT micmswitches 
gang-wired in normal ON position so that weight of iron turns 
them off. 


and not the kind you have to 
buy. The base is an old 
3”x5”x2” steel black crackle 
finished (at least it used to 
be) box that had been used 
for at least five or six other 
projects before finally finding 
respectability as the center- 
piece of the workbench. 


Large green and red jeweled 
pilot lights of the 7M> W 115 
V type are used in the top to 
show that the device is on 
(green), and that the 
soldering iron is on high heat 
(red), when it is withdrawn 
from the cradle. I didn't 
really need the lights, but I 







have a lot of them and they 
filled up two holes in the top 
of the box that needed filling. 

The cradle for the iron is 
made from scrap aluminum, 
and the heat shield is a piece 
of scrap perforated aluminum 
sheet rolled into a tube and 
fastened to the cradle. This 
assembly is fastened to a 
piece of 14” square steel rod. I 
drilled two holes through the 
cradle and the square rod and 
hit it with two pop rivets. 
The rod is now drilled at a 
point just aft of its balance 
center so that when the iron 
is removed it will tilt forward 
of its own weight. I made a 
little three-sided post out of 
scrap aluminum and pop- 
riveted it to the top of the 
box (see close-up photo); this 
provides the pivot point for 
the cradle and also a place to 
fasten the microswitches. In 
my version (I’m sure that 
there is no one reading this 
who will ever build a carbon 
copy), the microswitches are 
turned off by the weight of 
the iron on the cradle. As you 
will note in the schematic, 
this opens the circuit across a 
diode, thereby cutting down 
the heat on the iron when it 
is at rest and shorting it out 
when the iron is removed. 
Removing the iron also lights 
the red signal light showing 
that higher heat is being 
applied and also informing 
you when you don’t put the 
iron back in the cradle 
properly. 

Of the two switches on the 
front, the toggle switch con¬ 


trols line voltage, while the 
double pole triple throw 
rotary switch selects one of 
three modes. Number one 
position is direct line voltage 
or high heat. In this position 
the iron is connected at all 
times directly to the 115 V ac 
line. In number two position 
the iron is in series with a 300 
V 3 A diode while in the 
cradle, and directly to the line 
voltage when it is lifted to be 
used. The third and last posi¬ 
tion puts the iron in series 
with a diode at all times, 
cutting the heat still further. I 
have found that the third 
position is best for soldering 
tiny leads close to the bases 
of delicate solid state devices 
such as HF transistors. The 
number two position is the 


one most in use on my bench, 
since it keeps the iron reason¬ 
ably hot, but not at high 
temperature, and within five 
or six seconds after lifting it 
from the cradle it is up to full 
working heat. 

The number one position 
could, quite frankly, have 
been eliminated, but the 
switch position was there so I 
just went ahead and wired it 
in. It is rarely used because it 
causes tips to oxidize very 
quickly. The wiring diagram 
is, hopefully, self-explana¬ 
tory. I must confess that this 
simple tool (gadget) is the 
most used addition to my 
bench that I have ever built. 
It has been in uncomplaining 
constant use for over two 
years, and only my natural 


proclivity for procrastination 
has kept me from sharing it 
with you before this. 

This article is not an exact 
plan for construction, as 
should be obvious, nor is it 
intended as such. As I said in 
the beginning, if you are any¬ 
thing like me, you will have 
your own built-in prejudice 
against doing a carbon copy 
of anything. So just use the 
idea as a little prod to the 
grey cells and come up with 
your own solution. I’m sure 
that there are many other 
ways of doing this, and 
probably most of you can 
think of an even better way. 

Have at it; there are too 
many soldering irons sitting 
around cold in the first place, 
so put them to work. ■ 




Perfect CW 

--drive ’em crazy with the Keycoder I 



Fig. 1. Keycoder I built by W9UBA. 







Fig. 2. The author's version of Key coder I. 


T he CW keyboard keyer 
described here should 
appeal to any amateur who 
wants to increase his code 
speed and send letter-perfect, 
space-perfect CW — or to 
anyone seriously interested in 
teaching or learning the code. 

Although there are a lot of 
articles and letters in ham 
magazines about amateur 
radio clubs teaching code, the 
use of a keyboard keyer as a 
teaching aid seems to have 
been neglected, possibly 
because most such keyers are 
quite expensive. Keycoder I, 
however, can be built for 
$60475, including keyboard, 
and would make an excellent 
club project. When used as a 
code teacher, the keyboard 
keyer has the following 
advantages to recommend it: 
• Perfect code - The learner 
always hears correctly formed 
characters 

• Variable speed - Character 
rate is continuously variable 
from about 5 wpm to over 50 


wpm (unlike code records or 
cassettes) 

• Repetition - The student 
can practice by himself the 
characters that he is having 
difficulty with (again unlike 
recorded code lessons) 

• Instructor need not know 
CW! — A unique feature - 
XYLs, harmonics, and other 
non-hams can help the novice 
learner without themselves 
knowing the code 

Other technical advantages 
of Keycoder I are: 

• TTL Logic - 9 inexpensive 
and readily available ICs, plus 
about 2 dozen discrete com¬ 
ponents, make up most of the 
circuit; 7 toroidal cores and 
another couple of dozen 
discretes provide an encoding 
matrix that would require 
over 100 diodes 

• Rf Insensitive — With TTL 
ICs and only minimal by¬ 
passing, no rf problems have 
been experienced with the 
two units illustrated 


• Self-contained — Power 
supply, logic, monitor (with 
tone and volume controls), 
and output circuit are all con¬ 
tained within the keyboard 

• Simple construction - A 
commercially available 1C 
board makes wiring the logic 
easy (simple point-to-point 
wiring with no critical steps) 

Fig. 1 is a close-up photo 
of the unit built by Charles 
H. Haul W9UBA (New Berlin 
Wl), who is the author of this 
project if not of the article, 
and Fig. 2 shows my key¬ 
board with a few control 
variations. 

Keycoder I is a TTL 
adaptation of the Touchcoder 
II keyboard keyer described 
in the July 1969 issue of 
QST. That article contains a 
very good discussion of the 
circuit theory and of the 
toroidal core transformers 
used, so this information will 
not be repeated here. Our 


theory discussion will take 
you on a tour of the TTL- 
version schematic diagram 
(Fig. 3). For convenience of 
discussion, the schematic is 
separated by dashed lines into 
the following six areas repre¬ 
senting functional blocks: (1) 
dot generator, (2) dash gen¬ 
erator, (3) shift register, (4) 
encoding matrix, (5) monitor, 
and (6) output stage. The 
discussion that follows will be 
so divided also, with some 
necessary overlapping. On the 
schematic diagram, the logic 
state H (“1”) or L ("0”) is 
shown for the output of each 
1C. These states are for static 
conditions, when no char¬ 
acter is being generated. 

Dot Generator 

IC1 is a 555 integrated 
circuit timer set up as a 
triggered multivibrator. The 
frequency of the multi¬ 
vibrator (and hence the code 
speed) is determined by the 
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Table 1. Character generation table. Xs indicate the shift register flip flops that must be set to 
form a given character (also the toroidal core transformers that the wire for that character must 
pass through). 


values of R1-R3 and Cl, and 
is adjustable by means of R2. 
The duty cycle is 50% for all 
practical purposes, thus pro¬ 
viding dots and character 
interelement spaces that are 
equal. (Of course other R and 
C values can be substituted. 
Those on the schematic are 
the ones in W9UBA’s unit; I 
used R1 = 1 k, R2 = 50k, R3 
= 15k, and Cl = 2.2 uF, with 
equally satisfactory results.) 

R4, R5, and CR1 are bias 
components that are 
necessary to make the first 
dot the same length as follow¬ 
ing ones. This is because 
normal timer operation 


charges and discharges Cl 
between 1/3 and 2/3 vcc. 
However, on the very first 
cycle. Cl is discharged, and 
has to charge from 0 volts to 
2/3 vcc. The resistors, which 
are merely a voltage divider 
across the power supply, 
maintain a bias voltage on Cl; 
CR1 prevents interference 
with the normal triggering of 
IC1. 

The output of the dot 
generator (pin 3) Is routed to 
both the output circuit and 
monitor through two sections 
of IC4 (NOR gates); the first 
section is a summing gate 
(discussed later), and the 


second section disables the 
output (and monitor) for the 
duration of 3 dot lengths at 
the completion of each char¬ 
acter, to provide automatic 
character spacing. 

Dots are generated when 
pin 6 of IC1 goes low, which 
occurs only when pin 6 of 
IC3 goes low. 

Dash Generator 

As with other keyers (both 
keyboard and manual), Key- 
coder I forms dashes by 
filling in the space between 
two successive dots, thus pro¬ 
ducing dashes exactly 3 units 
long. The circuit action is as 


follows: FF8 is a “D” type 
flip flop that clocks on the 
rising edge of pulses applied 
to pin 11. When no dashes are 
called for, pin 3 of IC3 
applies a “1" to the data 
input (pin 12) of FF8, and 
the Q output of this flip flop 
is high and the Q output is 
low. FF8 is clocked each time 
a dot is generated but does 
not change state as long as 
the IC3 output is high. When 
a dash is required, pin 10 of 
IC4 goes high, causing pin 3 
of IC3 to go low, and FF8 is 
readied to toggle when it is 
clocked. For a dash to be 
formed, two dots are gen¬ 
erated. The first dot is passed 
through to the output but 
also clocks FF8. The Q 
output of FF8 then goes high 
and holds the summing gate 
portion of IC4 open after 
completion of the first dot. 
After arrival of the first dot, 
pin 1 of IC3 also went low, 
readying FF8 to toggle back 
to its static state. FF8 is 
clocked by the second dot, 
and its Q output goes low 
again, but the second dot 
now holds the summing gate 
open. Hence, the summing 
gate is open for a period of 
two dots and the space 
between them, and a 3-dot- 
length dash is formed. 

This same sequence of 
events takes place at the com¬ 
pletion of each character to 
automatically provide a 
3-dot-length space between 
characters, but this terminal 
dash is made silent by apply¬ 
ing a high to pin 12 of IC4. 

Shift Register 

As shown in Fig. 3, the 
shift register portion of the 
schematic consists of “D” 
type flip flops FF1 through 
FF7, two sections of a triple 
3-input NAND gate (the third 
section isn’t used), the re¬ 
maining two NOR gate 
sections of IC4, and two gates 
of a quadruple 2-input NAND 
gate 1C (the fourth section 
isn’t used). In this mechaniza¬ 
tion, the 3-input NAND gates 
serve an OR function, one 
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section of IC4 is used as an 
AND gate, and pins 4, 5, and 
6 of 1C3 are really only an 
inverter, so things aren't 
entirely as they seem. 

The flip flops are all "D 1 ’ 
types, and are packaged two 
per 1C. Note that the second 
flip flop of IC9 is the FF8 
previously mentioned. Only 
the Q outputs (pins S and 9) 
are used, and these are a logic 
high in the static condition. 
For our purpose, the flip 
flops are “set" (Q = "0”) by 
applying a low to their 
•‘Clear” terminals (pins 1 and 
13). Shifts occur from left- 
to-right only. 

With the foregoing in 
mind, let’s leave the hardware 
mechanization for a bit and 
refer to the Character Genera¬ 
tion Table (Table 1). Flere, 
the “X”s in the horizontal 
rows represent the dashes in a 
character, the “X” furthest to 
the left is a “silent dash," and 
the blank spaces to the right 
of the silent dash represent 
dots. Although data is shifted 
left-to-right, we "read" Morse 
characters in this table from 
right-to-left. For example, in 
the row for the letter “P", 
starting from the extreme 


right we see a blank space 
which represents a dot. 
Moving to the left we find 
two “X"s, which we know 
are dashes, followed by 
another blank space for a dot, 
and finally another “X” 
(which is the silent dash to 
separate this character from 
the next). In terms of the 
hardware, the “X”s represent 
the flip flops that are simul¬ 
taneously set when a key¬ 
board key is struck, and also 
the toroidal cores that must 
be strung to generate that 
character. 

The character generation 
scheme, which was originally 
proposed by James B. Ricks 
W9TO (Evanston IL), has 
three rules: 

1. If only one flip flop is set, 
a number of dots will be 
generated, the number being 
one less than the number of 
the flip flop set. For instance, 
in the row for “S”, only one 
“X” appears, in the column 
headed FF4; therefore 3 dots 
will be generated. 

2. If FF1 and any other flip 
flop are set, a dash will be 
generated. 

3. If only FF1 is set, a silent 
dash is generated. 


As each dot or dash is 
completed, all entries in the 
appropriate row of the table 
are shifted one column to the 
right, and another of the 
three above rules is applied. 
For the letter “B", initially 
the conditions for rule 2 are 
met, and accordingly a dash is 
generated; after one shift to 
the right, rule 1 applies, and 
three dots are generated; 
these three dots produce 
three more shifts, after which 
rule 3 comes into effect and 
the character is completed, 
followed by a 3-dot-length 
space. 

Returning to the sche¬ 
matic, observe that the static 
state for the flip flops is for 
their Q outputs to be high. 
This results in the other gates 
in the register being forced to 
the logic states shown, ending 
up with pin 6 of IC3 being 
high and the dot generator 
disabled. Through a process 
to be described later, one or 
more of the flip flops is set 
each time a key is struck. The 
resulting lows on the flip 
flops cause the outputs of 
one or both sections of ICS 
to change state and, in turn, 
pin 1 of IC4 and pins 8 and 6 


of IC3, thus starting the dot 
generator. If pin 5 of IC9 
goes low and the Q output of 
any other flip flop also goes 
low (rule 2), pin 10 of IC4 
will go high, and a dash will 
be generated; otherwise a dot 
will be formed. The dot or 
dash causes pin 4 of IC4 to go 
from a high to a low. This pin 
is connected to the clock 
inputs (pins 3 and 11) of the 
shift register flip flops, but a 
high-to-low transition does 
not affect a “D” type flip 
flop. However, when the dot 
or dash is completed, pin 4 of 
IC4 again goes high, and the 
low-to-high transition does 
clock all of the flip flops 
causing a right shift. That is, 
the Q output of each flip flop 
assumes the logic state that 
its left-hand neighbor had 
before the clock pulse. The 
resulting new set of Q 
outputs now initiates another 
dot or dash which, in turn, 
produces another clock pulse 
to shift the register to the 
right again, and so on until 
only the output of FF1 is 
low. This is the condition 
(according to rule 3) to 
generate a silent dash. What 
actually happens here is that 
FF1 turns on the dot genera¬ 
tor, but since the other flip 
flop outputs are all high, pin 
1 of IC4 is high and provides 
the output inhibit signal to 
pin 12 of IC4. Note that the 
silent dash creates another 
clock pulse that shifts the 
“1” output of FF2 into FF1, 
thus ending the character 
cycle and restoring the static 
condition. 

In addition to starting and 
stopping the dot generator, 
pin 6 of IC3 also activates the 
gate of the SCR that provides 
current drive to the keyboard 
encoder circuitry. Therefore, 
the keyboard is locked out 
during character generation, 
but is automatically re¬ 
enabled as soon as the char¬ 
acter is completed. This 
feature also provides auto¬ 
matic character repeat: A 
character is repeated, with 
3-dot-length spaces between, 
as long as a key is held down. 
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This is a fine operating 
feature for sending words 
with double “o”s and double 
“l”s, etc., but is not so hot 
for sending double "e”s at 
high speed. If desired, auto¬ 
matic repeat can be disabled 
by reducing the drive on the 
SCR. 

Note the "continuous 
dot” key connected between 
pin 1 of IC4 and ground (this 
is the switch labeled "DOTS” 
in Fig. 2). This is depressed 
and held down while 
adjusting the SPEED control 
to initially set the keyer to 
the desired code speed. The 
continuous string of dots 
resulting from holding down 
this switch represents the 
maximum sending speed for a 
given SPEED control setting. 
Holding down the "E” key 
also produces a string of dots, 
but with 3-dot-length spaces 
between each one. 

Keyboard Encoding Matrix 

Toroidal core transfor¬ 
mers, driven by an SCR, are 
used for encoding keyboard 
contact closures to set the 
shift register flip flops in 
accordance with the Char¬ 
acter Generation Table. These 
transformers are made by 
winding 10 turns of #30 
enameled wire around half 
inch diameter powdered 
ferrite cores. The windings 
are equally spaced around the 
circumference of each core, 
but the spacing is not at all 
critical (see Fig. 4). Only 
cores with high permeability, 
such as those in the Parts 
List, should be used. The 
"one turn primary” of the 
transformer is simply a length 
of the same type of wire 
passed through the center of 
the cores appropriate to the 
character to be formed (per 
the Character Generation 
Table). One end of this 
primary is soldered to the 
keyboard contact of a given 
character, and the other end 
to the cathode of the SCR. 
There is, of course, one such 
primary for each of the 44 
CW characters in the table, 
and several pass through each 



Fig. 4. Toroidal core transformers used for encoding. 


core. With #30 wire the cores 
don’t get too crowded, and 
there is no effect on the cores 
by wires that pass around the 
cores but don’t go through 
them (see close-up photo of 
the logic board, Fig. 5). 

One end of the secondary 
winding of each transformer 
is connected directly to Key- 
coder’s +5 V dc regulated 
power supply, and the other 
end to the “Clear” terminal 
of each shift register flip flop. 
When the SCR fires, a high 
current pulse passes through 
the one turn primary con¬ 
nected to the key pressed. 
This pulse induces a very 
short duration high voltage 
(up to 15 V) pulse in the 
secondaries of the cores it 
passes through. These pulses 
are polarized in opposition to 
the +5 V applied to the 
secondaries and drive them to 
ground potential, thus setting 
the flip flops to which they 
are connected. The resistor 
across each secondary is for 
loading to suppress transients, 
and probably wouldn’t really 
be needed (but is cheap 
insurance). Its value isn’t 
critical. The diode in parallel 
with the resistor clamps the 
voltage to +5 V to prevent 


possible damage to the flip 
flop from too high a voltage 
spike. This probably isn’t 
actually required either, but 
W9UBA and WA9VGS are 
cautious fellows. The diode in 
series with the clamping 
diode to ground prevents the 
flip flop “Clear” from being 
driven below ground (nega¬ 
tive voltages should never be 
applied to TTL ICs). 

The SCR circuit works like 
this: C4 is charged up to the 
power supply voltage through 
R8. The gate of the SCR is 
open since pin 6 of IC3 is 
high, but current cannot pass 
because the keyboard key is 
open, breaking the cathode 
connection to ground. When 
a key is struck, the circuit is 
complete and C4 discharges 
almost instantaneously (the 
actual discharge time depends 
upon the time constant of 
C4-R8). This discharge pro¬ 
duces the high current pulse 


to fire the core secondaries 
and set the flip flops. The 
instant a flip flop is set, pin 6 
of IC3 goes low, closing the 
SCR gate, and C4 begins to 
recharge for the next char¬ 
acter. The closed gate ensures 
that the keyboard is locked 
out until the character being 
generated is completed and 
IC3 pin 6 goes high again. C3 
is simply a filter capacitor to 
prevent transients from 
triggering the SCR. 

Monitor 

IC2 is also a 555 1C timer 
connected as a triggered 
multivibrator. The bias com¬ 
ponents used in the dot gen¬ 
erator are not necessary here 
since the 1C is oscillating at 
audio frequencies. None of 
the R or C values are critical 
and can be chosen to suit 
your preferences or what you 
have available. With those 
shown, the monitor produces 



Fig. 5. Close-up view of the logic board. 
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F ig. 6. Transistor keying 
circuit for Key coder I. 


tones from about 50 Hz to 
several thousand Hz, adjust¬ 
able by R11. Of course R11 
can be a fixed resistor if 
you'll settle for a single tone. 
C6 and R12 form the simple 
but adequate volume control. 
When set at its low end, R12 
completely silences the 
monitor, and at the high end 
the 1C will drive a 2”-4” 
speaker to a volume adequate 
for a medium-sized room. In 
the dot generator, the 
“Reset” terminal (pin 4) was 
tied to +5 V dc and the 1C 
was triggered on and off via 
pin 2. In the monitor, how¬ 
ever, we switch IC2 on and 
off via pin 4, since our driving 
signal (pin 13 of IC4) is low 
in the off state and high in 
the on state. 

If Keycoder I is to be used 
exclusively with rigs that have 
a sidetone, obviously the 
monitor could be eliminated 
completely, but for the small 
number of components 
involved it’s nice to have the 
unit completely self- 
contained for code practice 
without connection to a rig. 

Output Circuit 

The TTL output of Key- 
coder I can be used to drive 
either a keying relay, as 
shown in Fig. 3, or a PNP 
power transistor, if you can 
find one with ratings ade¬ 
quate for the keying circuit 
of your rig. (We found such 
transistors very hard to find; 
W9TO very kindly provided a 
list of suitable transistors, 
with their voltage ratings, 
which is appended to the 
Parts List.) 

In the relay circuit shown 
in Fig. 3, Q1 can be any small 
NPN audio transistor (I used 
a HEP 728 with R6 = 2200 
Ohms). The value of R6 can 


be changed to optimize the 
base drive if you substitute 
for Q1. For K1 I used a 
Griggsby-Barton 831C-2, 
which is packaged in a 14-pin 
DIP package and includes a 
protective diode (CR2). This 
relay is both small and com¬ 
pletely silent, but is relatively 
expensive (about $5), and its 
contacts will only handle 
about 125 mW. However, this 
was adequate to key my Ken¬ 
wood TS-520 transceiver 
(keying current 10 mA at 12 
V). A better choice would be 
a surplus reed relay, such as 
listed in the Parts List. These 
are quite inexpensive (2/$1), 
and will handle 500 mA or 
better. W9UBA has used one 
of these relays to key his 
Drake T4X transmitter, Halli- 
crafters SR 160, and several 
Heathkit rigs, without any 
difficulty. 

C2 and RFC1 are for 
filtering any rf out of your 
rig’s keying circuit line, and 
may or may not be needed 
depending upon how “clean" 
your rig is. Without either 
filtering component in the 
circuit I “froze" the contacts 
of one 1C relay after several 
hours of troublefree sending, 
but have piled up several 


dozen operating hours with¬ 
out any relay problems after 
adding C2 (I still have no 
choke in the keying line). 

Fig. 6 shows the circuit for 
transistor keying. Again, Q1 
can be any NPN audio tran¬ 
sistor. W9UBA has both a 
reed relay and the transistor 
shown in Fig. 6 connected in 
parallel in the output of his 
keyer, and switches back and 
forth between the two. Most 
of his on-the-air contacts have 
reported no discernible 
difference between the relay 
and transistor keying. 

Construction 

The keyboard unit is 
enclosed in a rugged and 
handsome case that is 
spacious enough for all of 
Keycoder’s component parts. 
It was obtained from Meshna 
Electronics (#SP-153-L) for 
$35, plus shipping charges on 
7 lbs. from Lynn, Mass. It is 
built on a heavy cast iron 
frame, and is trimmed in 
leatherette and imitation 
walnut grain sheet metal. The 
keys are magnetic reed type, 
very smooth, with about 
3/16" travel. An added bonus 
in this assembly is the 10 
rectangular switch positions 


(as seen in Fig. 1). Five of 
these are dummies - the 
plastic switch caps are in 
place but there is no switch 
beneath them - and I re¬ 
moved them and used the 
space for mounting 3 control 
pots (Fig. 2). Four of the 
other 5 switches are momen¬ 
tary action DPDT switches, 
and the fifth (labeled "PWR” 
in Fig. 2) is a DPDT Push- 
On/Push-Off switch. The two 
switches on the extreme right 
have screw-base “grain-of- 
wheat" light bulbs installed in 
sockets inside the translucent 
caps. I wired one of these, 
through a 20 Ohm, 1 Watt 
dropping resistor and the 
second set of “PWR” switch 
contacts to the power supply, 
to serve as an on-off indica¬ 
tor. W9UBA accomplished 
the same purpose by 
installing a red LED in a hole 
drilled in one of the switch 
caps (Fig. 1). There are also 
plenty of unused key posi¬ 
tions on the keyboard 
(SPST), so you should be able 
to mechanize any control 
setup you like without addi¬ 
tional switches. 

There is a diode matrix 
circuit board just beneath the 
bottom cover of the key- 
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Fig. 7. Interior of W9UBA s Keycoder I. 
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board case. This board con¬ 
tains about 160 diodes and 
several dozen 33k resistors 
that can be added to your 
junk box (although the leads 
are awfully short). This board 
is attached to the case with a 
couple of screws and two 
multiple-lead ribbon cables 
that are easily removed. 
Beneath this discarded diode 
board is the key contact 
board, with all of the key 
contacts nicely labeled. Half 
of the foil patterns from the 
key contacts go to solder 
terminals grouped together at 
the bottom left-hand side of 
the board, and half lead to 
similar terminals at the 
bottom right. I soldered the 
core primary wires directly to 
the key contacts wherever 
they were on the board, while 
W9UBA made these connec¬ 
tions to the bottom sets of 
terminals, resulting in shorter 
wire runs and a neater 
appearance (see Fig. 7). 

The 9 integrated circuits, 
the SCR, and their associated 
discretes were all mounted in 
DIP sockets on a Radio Shack 
Universal Display Board (P/N 
277-108). This board is pre¬ 
drilled for 10 14-pin DIPs, 
and etched with solder pads 
for the DIP connections and 
8 separate buses running the 
length of the board, 4 on 
each side of the DIP patterns. 
These buses were used for +5 
V dc, ground, SCR common, 
and the flip flop clock line. 
We both used #22 hookup 
wire for all connections; 
W9UBA ran his wires on the 
top side of the board while I 
made most of my connec¬ 
tions on the foil side. Either 
way, this board saves a lot of 
building time compared with 
vectorboard construction or 
laying out and etching a PC 
board. The board measures 
about T/i" x 6%” and costs 
$3. 

Since the 555 ICs have 
only 8 pins, both of them can 
be mounted in one 16-pin 
socket; the leftover sockets 
can then be used for 
mounting the SCR and 555 


discretes. The toroidal core 
transformers and their diodes 
and resistors are also 
mounted on the board, 
beneath the row of ICs (as 
seen in Fig. 5). The cores are 
wound and soldered into the 
circuit, but the leads are left 
about 3 A" long. Any one of 
the primary wires connected 
to the SCR is then strung 
through each core before it is 
mounted and the wire is 
grounded; if nothing happens, 
the core polarity is incorrect 
and the long leads permit it 
to be turned 180°. When a 
core is operating correctly, it 
is glued to the board with a 
drop of Duco cement. String¬ 
ing the primary wires through 
the cores will be easier if the 
cores are mounted so that 
their openings are in a reason¬ 
ably straight line. 

The values of R7-C3 and 
R8-C4 required some juggling 
to get reliable SCR operation. 
The most severe test of SCR 
and core operation is gen¬ 
erating the figure “0”, since 6 
flip flops have to be set simul¬ 
taneously to produce this 


character. If you have diffi¬ 
culty generating “0”s, or with 
repeat operation, vary the 
values of the above com¬ 
ponents, and/or try con¬ 
necting R8 to the unregulated 
output of the power supply 
to get a higher voltage and 
hence more current. 

All the integrated circuits 
were bypassed with .01 uF 
disc capacitors from +5 V dc 
to ground, at the buses right 
opposite each 1C. These 
capacitors are visible at the 
top of the board in Fig. 5. In 
addition, each side of the 
power supply transformer 
primary is bypassed to 
ground with .001, 400 volt 
capacitors. The all-metal, 
completely enclosed key¬ 
board case provides good 
shielding and also contributes 
to the lack of rf interference. 

Fig. 3 does not show the 
power supply, since the 
keyer’s power requirements 
are reasonably uncritical and 
the builder will probably wish 
to fabricate his supply with 
whatever parts he has avail¬ 
able. The Keycoder draws 


R13-R19 

RFC1 

Reed Relay 


(7 required) 


555 Integrated Circuit Timer 
Quad 2-input NANO gate (SN 7400) 

Quad 2-input NOR gate (SN 7402) 

Triple 3-input NAND gate (SN 7410) 

Dual "D" Flip Flop (SN 7474) 

2N889, or equivalent 

2N3569, HEP 728, or equiv. NPN audio transistor 
2N5416 PNP high voltage transistor, or equiv. (see 
accompanying table) 

1 N914 switching diode, or equivalent 
3 uF, 15 V electrolytic capacitor 
0.005 uF, 200 V capacitor 
0.022 uF, 15 V capacitor 

1.5 uF, 15 V electrolytic capacitor 
0.01 uF, 15 V capacitor 

8 uF, 15 V electrolytic capacitor 
1,2k, % W resistor 

15k miniature potentiometer, audio taper 

10k, % W resistor 

51 k, 54 W resistor 

47k, 54 W resistor 

430 Ohm, 54 W resistor 

600 Ohm, 54 W resistor 

10k, 54 W resistor 

1 k, 54 W resistor 

10k. 54 W resistor 

100k miniature potentiometer, audio taper 
500 Ohm miniature potentiometer, audio taper 
240 Ohm, 54 W resistor 

2.5 mH rf choke 

Meshna Electronics #SP-37A, SPST 54 A contacts, 3-6 
V coil 

Order from Amidon Associates, 12033 Otsego St., No. 
Hollywood CA 91607 


about 100-125 mA and the 
+5 V should, of course, be 
regulated. We decided to 
build our supply based on the 
Radio Shack 5 Volt Regu¬ 
lated Power Supply PC board 
(P/N 277-102, price $1.49). 
This board measures only 
1 %” x 3 3 A”, and can accom¬ 
modate whatever parts you 
have or whatever circuit varia¬ 
tions you wish to make. Fig. 
8 is a schematic of the power 
supply with the parts values 
as specified by Radio Shack. 
In this configuration, the 
supply is rated at 1 A. The 
power supply is mounted in 
the upper left-hand corner' of 
the case in W9UBA’s unit, as 
shown in Fig. 7. 


High Voltage PNP Transistors 
for Keying Service 


Number Vcbo 

2N398A* 105 

2N1275 100 

2N1476 100 

2N1654 100 

2N1655 125 

2N1656 125 

2N2042A* 105 

2N2043A* 105 

2N2551 150 

2N2590 100 

2N2591 100 

2N2598 125 

2N2599A 125 

2N2600A 125 

2N3062 90 

2N3063 90 

2N3064 110 

2N3065 110 

2N3224 100 

2N3413 150 

2N3495 120 

2N3497 120 

2N3841 100 

2N3842 120 

2N3930 180 

2N4028 100 

2N4357 240 

2N4888 150 

2N4889 150 

2N5400 130 

2N5401 160 

2N5415 * 200 

2N5416* 350 

2SA305 125 

2SA429 1 50 

2SA510 110 

2SA511 90 

2SA516A 120 

2SA637 150 

2SA639 180 

2SA685 150 


•Germanium transistors, 
all others silicon. 
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Fig. 8. Schematic of +5 V dc regulated power supply. 


Referring again to Fig. 7, 
the output transistor and its 
driver and associated resistors 
are mounted on a scrap of 
vectorboard just to the right 
of the logic board, and the 
reed relay is just above the 
vectorboard, mounted to a 
partition added to the en¬ 
closure. The monitor speaker 
is mounted on the other side 
of this partition (beneath and 
to the left of the relay). 

The volume, tone, and 
speed control potentiometers 
have to be miniature types if 
they are to fit in the area 
shown in Fig. 2. The pots are 
mounted to a small piece of 
thin aluminum sheet, which is 
held firmly in place when 
fitted between the keyboard 
assembly and the outer case. 
W9UBA used full-sized pots 
mounted under the row of 
keyboard switches, as shown 
in Fig. 1. Also note in this 
photo the sub-miniature 
thumbwheel type pot 
mounted in a rectangular hole 
cut in the switch cap (ex¬ 
treme left-hand one). 


The speed control range 
can be increased at either the 
low speed end or the high 
speed end, or both (by alter¬ 
ing the values of R1-R3 and 
Cl), but resolution will 
become poor if too large a 
speed range is attempted, and 
it will be difficult to 
accurately repeat a given 
speed setting. Two switch- 
selected pots could probably 
be used to obtain a greater 
range of speeds without 
sacrificing resolution. Audio 
taper pots should be used for 
speed, tone, and volume con¬ 
trol. 


Operation 

Both W9UBA and I have 
had several compliments on 
having a “gud fist" before 
informing our contacts that 
we were using a keyboard 
keyer. More important, we 
estimate that our CW speed 
increased 5-10 wpm within 3 
weeks after having our Key- 
coders on the air. We believe 
this is due, in part, to hearing 


perfect code as we are 
sending, and in part to the 
natural tendency to send 
faster, since it’s so easy (thus 
unintentionally inviting a 
higher speed QSO). 

It takes very little practice 
to get the rhythm of typing 
on a keyboard keyer, and you 
don't have to be a good 
typist. Once you know where 
the characters are on the key¬ 
board, 20 wpm seems 
incredibly slow, even for a 
"hunt-and-peck” typist. A 
good typist must learn to 
allow enough time for long 
letters, such as “q” and “y", 
to be completed before 
hitting the next key, and a 
shorter time for letters like 
“e" and “i”, but with just a 
little solo practice you'll be 


ready to go on the air. It was 
originally thought that a 2 or 
3 character memory, and/or a 
space bar mechanization, 
would be added to Keycoder 
I, but operation without 
these features has been so 
good that it has been decided 
to forego this additional cir- 

In addition to W9UBA’s 
design work, moral support, 
encouragement, and help 
with parts procurement, the 
assistance of three others 
should be acknowledged: 
lames D. Stenseth K9CML 
(Franklin Wl) and Mr. Ray 
Young both helped with 
design details, and on-the-air 
contacts and letters from 
W9TO were much appre¬ 
ciated. ■ 


SAVE $80,000.00 IN CRYSTALS 


SUPER SYNTHESIZED SCANNER SPECIALS 
SAVE $30.00 OFF MANUFACTURER'S PRICE 



BSMGflT 101 T&mtc ISBEI 


16 channels 
30-50 MHz 
146-174 MHz 
416-512 MHz 
mfg, price S349.95 


16 channels 

31.18- 50 MHz 
146-148 

151.18- 170 
451.20-470 
490-512 


mfg. price $339.95 


10 channels 
30-50 MHz 
146-174 
440-512 

mfg. price $329.00 


10 channels 


150-170 

450-470 

490-510 


mfg. price S399.95 



We now carry a complete stock of CB equipment available at discount prices. 
24 hour Mastercharge-BankAmericard order & information tine 616-775-0881. 
Prepaid Shipping. Certified check or charge card on mail orders for immediate 
Shipment. Dealer inquiries invited. Michigan Residents add tax. Foreign orders 
invited. 

COMMUNICATIONS ENGINEERING 
BWm PO BOX 415, CADILLAC MICHIGAN 49601 
CABLE ADDRESS: COMENG 


CALL Cl6-775-0381 













The Mini-Mite Allband 
QRP Rig 

-- runs a mighty seven Watts 


O perating QRP is fun. Operating matchbox, you can load a barbwire fence, dilemma, I decided someone should invent 
portable is fun But, operating QRP or a set of bedsprings, but those aren't the the perfect QRP rig, one that is small enough 
with the kind of inefficient antenna systems best radiators in the world, and the puny to be super-portable, low powered enough to 
sometimes encountered in portable opera- little 100 mW QRP rigs will have a hard time run off a lantern battery, and gutsy enough 
tion is no fun at all. Sure, with a good getting across the street. While facing this to make some noise across town into the 





7 Watts peak power for cutting through the QRM and clearing the frequency for the little 






Fig. 1. Block Diagram. The Driver and Final stage tuned circuits are selected for the band of 
•your choice. Note they operate straight through on all bands for maximum efficiency. *This 
buffer is optional; it may be added to reduce vfo pulling — this is especially helpful when the 
unit is used with break-in keying. The keying points (shown by "X”) have various advantages 
and disadvantages. See the text fora complete discussion. 



Fig. 2. Schematic Diagram. Coils are discussed in the text. All values in pF unlesss otherwise 
stated. Resistors are given in Ohms and are all A Watt carbon types. 


average portable antenna. 

Since I am the only inventor I know, I 
had to call upon myself to come up with this 
"wonder-rig.” And (if I do say so myself) I 
did a pretty good job. The final outgrowth 
of the requirements is a muscle-powered 
mini-watter I call the “Mini-Mite." Now you 
can build yourself a Mini-Mite for less than 
twenty dollars. It is the perfect Novice rig 
with its 7 Watts dc input; it is the perfect 
standby rig for the oldtimers; and darned if 
it's not the answer to the QRP nut’s portable 
operating dreams. The rig is vfo controlled 
(why be old-fashioned?), it runs a solid five 
Watts, can be held in one hand, and has a 
complement of controls you would expect 
to find only on more expensive rigs. You can 
build it for any or all the bands of your 
choice, 80-10 meters. And, finally, if you 
insist on staying around the one Watt level 
with your QRPing, you can leave out the 
final for a dandy low-power “low power” 
transmitter. 

Fig. 1 is a block diagram of the Mini-Mite. 
The rig is pretty straightforward as far as 
using conventional circuits. Once you are 
into the schematic you will see some unique 
features that save space and money in the 
rig. The vfo circuit is very stable and you 
have a choice as to using a bipolar vfo or an 
FET vfo (schematics for both are given). The 
buffer shown in dotted lines is optional; it 
provides greater immunity to pulling as the 
rig is tuned and keyed. This option is a must 
for the operator who wants “everything” in 
his rig, or who is interested in usipg break-in 
operation. The buffer stage (solid lines) uses 
a broad-tuned low Q circuit which resonates 


at 7 MHz, but passes sufficient 80 meter 
signal to allow the rig to operate multi-band. 
The buffer operates class A and runs at fairly 
low power. The amplifier stage is a wideband 
outfit which delivers the first real power in 
the rig; you could use the amplifier output 
as a transmitter output, except that it is rich 
in harmonics. The driver serves two pur¬ 
poses; one, of course, is to provide power 
drive for the final. The other use for the 


driver is to select the harmonic of the vfo 
signal that will be used to transmit. The 
driver tuned circuit is comparatively medium 
Q. The driver tuned circuit alone does not 
provide adequate harmonic attenuation, so if 
you decide to build the “QRP” Mini-Mite 
you may leave out the final stage, but you 
must keep the final tuned circuit because it 
provides the necessary harmonic rejection. 
For normal QRP “plus” operation the driver 
feeds the final which in turn generates the 
so-called high-power output signal. The final 
output circuit is one of those unique circuits 
I mentioned, it uses slug-tuned forms to 
provide the tune and load controls. The 
output will easily load into 50-70 Ohms and 
a little more. Harmonic output at the final is 
very low and when the rig is properly tuned 
the output signal is very clean. 

Fig. 2 is the schematic of the complete 
Mini-Mite. Some of the interesting features 
are the coils. You may pillage the junkbox 
to see what you have, or you may buy three 
sets of the units given in the parts list. For 
the vfo coil, LI, the buffer coil L2, and the 
rather unique output transformer L3, you 
use only the slug from a coil. You do not use 
the coil form itself. Coils L4, L5 and L6 use 
the complete slug-tuned form as these three 
coils are tuneable and must have some means 
of adjustment. 

Construction 

I am the biggest booster of perfboard 
construction when only one of anything is 
built, although the photos show a printed 
circuit board for building more than one of 
the units. The coils are available from Radio 
Shack and are sold two to a package at 
slightly over a buck. 

The vfo in the pictures uses an Amidon 
T92 toroidal coil, but other units have been 



Here is the Mini-Mite PC board. 






built using the slug as described and they 
offered comparable performance. Although 
you could construct the vfo in a separate 
shielded box, it is provided for right on the 
PC board. Fig. 4 gives the schematic for the 
alternate FET vfo. Both vfos tune with a 
365 pF tuning capacitor and use a 100 pF 
fixed capacitor in series to limit the tuning 
range. Vfo tuning is linear for the bottom 
100-200 kHz of the band and then becomes 
non-linear (but usable) over the remaining 
portion. This is generally acceptable, since 
most people will just put the linear portion 
in their favorite part of the band anyway. 
The FET vfo will provide more stability than 
the bipolar unit, but it will run the cost of 
the rig up a little since the same transistor 
that is used in the vfo can also be used as the 
buffer, amplifier and driver stage. Also, you 
may get slightly less drive to the buffer using 
the FET. 

The buffer stage provides a compromise 
between actually isolating the oscillator and 
giving a little power output. That’s why 
there is an alternate buffer, to provide 
isolation and little or no gain. Fig. 5 shows 
the alternate buffer; the circuit uses no 
tuned circuits and is merely stolen from the 


Radio Amateur’s Handbook. The Mini-Mite 
buffer is straightforward and uses the slug 
form previously described (and as can be 
seen in the photos). It should resonate 
around 7 MHz if you want to check your 
work with a grid dip meter. The windings are 
wide-spaced along the entire slug, not wound 
closely together. Hold the windings in place 
with a little Q dope, or equivalent. The 
output link is wound on the cold end (Vcc 
side) of the coil and provides impedance 
matching for the amplifier stage. 

The amplifier runs class B and there are 
no biasing resistors to worry about. It is very 
simple: The input goes on the base, the 
emitter is grounded, and the collector gets 
+12 through the output transformer L3. L3 
is left untuned and serves to couple wide¬ 
band, harmonic loaded output to the driver 


stage. The transformer itself is a twist on the 
toroid. It is fabricated from a high-permea- 
bility coil slug that has a hole all the way 
through it. Either grab one from the junk 
box, or drill a hole (lengthwise) the rest of 
the way through the Radio Shack slug after 
the tuning screw is removed. This stage 
provides enough power to dimly light a #47 
bulb connected across the secondary. The 
power is to put some kick in the driver stage 
and if not for all the harmonics, you could 
use this output for a QRP transmitter all by 
itself. 

Harmonics are taken care of in the driver 
to a great extent. The higher power drive 
from the amplifier is used to drive the driver 
into class C for most efficient operation. 
When the driver operates, current flows 
through the 22 Ohm resistor, setting up a 
reverse bias that causes the stage to operate 
class C. The resistor is bypassed for the ac 
signal. The tuned circuit in the driver is close 
to that in the buffer, except that the coil is 
tapped to yield a higher 0 with the higher 
power output. Harmonics at this stage are 
nothing like at the amplifier stage, but to use 
this stage as the QRP rig, you will have to 
couple the output tank circuit to get an 
acceptable signal. The tuning of the driver 
coil is accomplished by a wooden dowel 
shaft extension. The dowel should be 
approximately 4'A inches long to reach the 
front panel from its position under the PC 
board. As can be seen in the photos, the coil 
mounts on the PC board directly. An angle 
bracket is satisfactory mounting. 

The final stage will run a theoretical 7 
Watts dc input. The output circuit is a "T” 
network with slug-tuned coils used as the 
output tuning and loading controls. The 
final output transistor is rather expensive, 
but is hardy and generally works well in 



Here is the final tune-load assembly. The angle bracket is mounted to the inside of the 
cabinet and the wooden dowels serve as tuning shafts to the front panel. 
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L5 25t#28E 13t#28E 7t#28E 4t#28E 3t#18E 


C5 300 pF 150 pF 75pF 50pF 37pF 

L6 35t#28E 21t#28E 10t#28E 7t#28E 5t#18E 

Table 1. Coil/capacitor data (final values will need trimming). 

tion. You may wish to switch in the coil/ dowel extension approximately 3-3/4inches 
Fig. 5. The optional buffer is used in capacitor combinations, or do some experi- long. The dowels used on all the tuning 
conjunction with buffer in transmitter to menting with winding multiple coils on the setups are standard 1/4 inch diameter units. 
provide better isolation for break-in oper- same form. Some of the problems are that They are epoxied to the tuning screws. When 
ation or for when some pulling of the vfo the coil/capacitor combinations are sym- the coils are tuned to minimum inductance, 
cannot be tolerated. pathetic to harmonics and you may get false the knobs stick out from the front panel a 

loading. But, as long as the Q is high enough, little way. You can build the unit, tune it, 
these applications. It will operate at fre- you could make each band peak at some then cut off the dowels at the right approxi- 

quencies in excess of the 30 MHz en- different setting of the slug in the coil form, mate length to keep the knobs from sticking 

countered in the 10 meter version of the This helps eliminate the problem. Also, out too far. 

Mini-Mite, so it is a pretty good choice until remember to use shielded solenoid indue- Construction is not too critical. The 
research proves the existence of a better tance formulas because the overlapping coils Mini-Mite is built in a 6x4x2 inch chassis 
all-around transistor. The rf choke used in act as shields and change the normal calcula- (LMB #642); you may add the bottom plate 
the final is a high-current jobby. A conven- tions. The cost savings of this system would which is available for this chassis. The circuit 
tional rfc has too much dc resistance and be significant. This could be our answer to board is a very tight fit in the box. In order 
limits the output power stage can run. Wind the old familiar tapped coil setups in tube- to get the circuit board in, it will have to be 
forty turns #18 en. close and in 2'A layers type rigs. slid into place before the tuning capacitor is 

directly on one of those slugs. The final tuning coils are mounted on a mounted. Then push the circuit board back 

Table 1 gives values for coils and piece of angle aluminum as shown in the all the way against the back wall of the box. 

capacitors to be used for multi-band opera- photos. Each slug-tuned coil has a wooden This should leave enough room to insert the 

tuning capacitor. Hold the capacitor in place 
by means of its mounting holes and screws, 
then slide the PC board forward into its 
mounting place. The PC board is held away 
from the chassis on 1/4 inch spacers. Mount 
the spacers in place, tighten nuts over the 
mounting screws, and then the PC board is 
slipped into position and more nuts are 
placed over the mounting screws. This allows 
you to remove the PC board without the 
hassle of always fumbling to find a way to 
hold the spacers in place while you stick the 
mounting screws through them and the PC 

Operation 

Before you can begin to operate the 
Mini-Mite, you must provide for the type of 
keying scheme which will best serve you. 
For instance, you may wish to key the 
oscillator for break-in. Fig. 1 suggests some 
keying schemes. The PC board is set up for 
keying the driver and final simultaneously. 
To change from this requires some revision 
of the printed tracks. Keying the driver and 
final is convenient and easiest, but has one 
major disadvantage. Dirty key contacts will 
The original bread board view of the Mini-Mite (note the final is missing in this photo) just increase the chance that some voltage will be 
goes to show that layout is not critical, as this unit worked quite well. Also this prototype dropped across the closed contacts. At the 
used the optional buffer - the two plastic-type transistors just behind the vfo. higher current levels encountered at this 
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point, you can drop, say, a volt or so, and 
lose effective input power to the final and 
driver, and degrade the output signal. Keep 
the key contacts reasonably clean and you 
should have no particular problems. Tuning 
up the Mini-Mite is pretty much like tuning 
any other rig, except that you must also 
tune a solid state rig for cleanest output 
signal. You will have to monitor on a 
receiver as you tune up. You can use a #47 
dummy load, but take care not to leave the 
key down for periods over a minute or so, as 
the overvoltage to the bulb will burn it out. 
Tuning to an antenna can be accomplished 
with a field strength meter, in-line watt¬ 
meter, swr bridge on forward power, or a 
tuning meter as shown in the schematic Fig. 
6. Tune for maximum all the way around 
and you should get the cleanest signal. 

Well, for just under twenty dollars, the 
Mini-Mite is going to make the Novice a fine 
first rig. Or it will serve the guy who 
operates portable for fun quite well because 
it has enough kick to cut through some of 
the QRM. It also makes a great standby rig 
for the day when that low band transceiver 
pops off the air and you would like to tell 
the guys in the group what happened with¬ 
out a long distance phone call. Usually, 
when guys are on frequency and looking for 
you anyway, they will hear a little peanut 
whistle QRP rig coming in, so you will be 
able to set 'em straight (if you can still 
remember the code). And if you’re a General 
or Advanced who has only got a transceiver 
that won’t go on CW, here's your gateway to 
20 wpm! ■ 



Fig. 6. Tuning meter. Mi is a tuning indica¬ 
tor or battery level indicator available from 
many rrlail order houses or the XYL's 
cassette player. 


Author’s Note: 

Add this modification {Fig. 7) to the 
Mini-Mite schematic. All it amounts to is 
adding a 100 Ohm resistor and a Ik resistor 
in the Buffer Amplifier. The 47k bias 
resistor is dropped so the stage runs class C. 

The best way to run the rig as a 1 Watt 
output QRPer for anyone not interested in 
going the full 7 Watt route is shown in Fig. 
8. Leave out the driver transistor and run a 
100 pF between the output winding from 
the amp stage and the collector connection 


I ...DROPPED 

B^ r (E f 

Fig. 7. Modification to the Mini-Mite. 


on the driver, then a 100 Ohm across the PA 
base to ground. 

Parts List 

Q1 2N709 or one of four Radio Shack 276-608 

Q2 2N697 or one of above package 

Q3 2N697 or one of above package 

Q4 GE63 or one of same package 

Q5 Motorola HEP53001 

Coils (see text) Radio Shack 270-376 

Tuning capacitor 365 pF Radio Shack 272-1344 or 

equiv. 

Cabinet LMB 642 (6x4x2 aluminum) 
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M y original goal in de¬ 
signing this counter 
was to produce an inexpen¬ 
sive, no frills, reasonably 

design. I think 1 accomplished 
this for the most part. Read 
on and see if you agree. 

High impedance FET 
input, .2 to 30 MHz fre¬ 
quency range, sensitivity < 
60 mV RMS across most of 
its range, and compact pack¬ 
aging are some of its features. 
Also, two modes of timebase 
operation are possible: xtal 
controlled with an accuracy 
of ±20 PPM ±1 count and line 
frequency (±.05%). The heart 
of the counter (less readout 
and power supply) is 
mounted on 2 PC boards 
(a 3" x 5"). The cost of the 
boards filled with parts (for 
line frequency operation) 
plus the 6 Minitron readouts 
will run you about $40. An 
additional $8 pays for the 
xtal controlled timebase, and 
of course you'll need a power 
supply. Any junk box parts 
substitute will naturally 
reduce your costs. 


Operation 

The block diagram of Fig. 
I shows the signal flow and 
control. Referring to Fig. 2, 
Q l to Q4 shape the incoming 
signal to produce TTL com¬ 


patible levels. A precise 100 
ms gate (at IC19 pin 2) is 
then "or”ed together with 
the signal (ICI9 pin 3). This 
gated signal is counted down 
and displayed on the read¬ 


outs. The trailing edge of the 
100 ms gate triggers the one 
shot IC24. A pulse is gen¬ 
erated that strobes the quad 
latches IC7 to 1C 12. The 
stored data is transferred to 
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Fig. 1. Block diagram. 


the decoders and readouts. 
The trailing edge of the one 
shot triggers another one shot 
IC25 to produce the reset 
pulse to counters IC13 to 18. 
All counters are reset to zero 
until the next gated input is 
counted. Thus the sequence 
is: gate, count, transfer, reset. 

Construction 

As mentioned earlier, the 
heart of the counter is 
mounted on 3" x 5" PC 
boards (actually 3” x 
5-3/16"). You can package 
these boards any way you 
like. Just allow sufficient ven¬ 
tilation in any enclosure you 
use. One of the drawbacks of 
laying out small boards is that 
you can’t get all the circuit 
connections on them that 
you’d like. So we're going to 
have to add some jumpers. 
Refer to Fig. 2 and Fig. 5. 
After all the components are 
mounted, jumper 109 pin 2 
to IC24 pin 3. Also jumper 
point “A” to the pad right 
above it (for line base opera¬ 
tion). That's all the jumping 
we need for the Input and 
Control board. 

The Readout board will 
require the following jumpers 
(refer to Fig. 3 and Fig. 6): 

1. IC7 to 12 - jumper all 
pins 4 and 13 (strobe). 

2. IC13 to 18 - jumper all 
pins 2 (reset). 

3. 103 to 18 - jumper pins 
1 and 12 on each 1C only. 

4. 10 3 pin 11 to 104 pin 

14 . 

5. 104 pin 11 to 105 pin 
14 . 

6. 10 5 pin 11 to 10 6 pin 

14 . 

7. 106 pin 11 to 10 7 pin 

14 . 



Fig. 2. Input and Control board. 



Fig. 3. Display board. 


8. 10 7 pin 11 to 108 pin 

14 . 

Also, power to all ICs and 
all power grounds will have to 
be added. Refer to Fig. 3. 
Jumper grounds to the 
ground plane and between 
boards. I suggest you use 
Molex terminals to mount all 
ICs. The added cost is worth 

The Input and Control 
board artwork (Fig. 5) is laid 
out for 60 Hz operation. If 
you’re satisfied with an 
accuracy of approximately 
500 PPM on your counter, 



Fig. 4. Power supply. 






Fig, 5(a). Input and Control PC board, full size. 


Fig. 5(b). Component layout, Input and Control board. 


use it as is. You won’t need 
the LM340-5T in the power 
supply, so that's an additional 
saving. 

The crystal controlled 
timebase should be added to 
get the most accuracy from 
your counter. Fig. 7 is a 
suggested circuit. There is no 
artwork included for this 
additional circuitry. Layout is 
not critical and could be 
hand-wired in no time. If 
used, you won’t need IC22 
and IC23. To connect, 
remove the jumper at point 
“A" and connect the output 
on the last counter to point 
“A”. 

Thai's about it. If you got 
all the jumpers in right and 
vour power is connected right 
(double check), you should 
be finished. The dot near 
each 1C on the artwork is pin 
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R12 15 

R14 4.7k 

R15 1.5k 

C1.C3.C4, Cl 1 .1 mF 20 V 

C5 100 pF 

C6 001 mF 20 V 

C7 100 pF 

Q1 MPF 102 

Q2, Q4 21M3638A 

Q3 2N2222 

05. Q6 2N2222 

1C terminals Molex Soldercon 
Series 90 Minitron Display (6) 
Note: Transistors, ICs, terminals 

Digi-Key Corp., P.O. Box 126. 
Thief River Falls MN 56701. 


Fig. 7 . Crystal controlled time base. 



Fig. 8. 


Note: For a more versatile 
counter, and to prevent over¬ 
loading the front end, the 
input circuitry shown in Fig. 
8 should be added. 



What has two meters, three Watts, 
and a swinging VXO wrapped up in a 
$280 package? The IC-202, of coursel 

A few months ago. Jay W6BWB, 
took his Japanese-born wife Kiyo to 
visit relatives in Japan. A trip to 
Akihabara, Tokyo's Electronics 
District, was also on the agenda. It 
was a fortunate bit of timing that 
ICOM had just introduced six meter 
and two meter walkie-talkies in Japan 
since Jay was "hot to trot" to get on 
two meter sideband after monitoring 
the activity for some months. It was 
also fortunate because the price was 
very reasonable when compared to 
other units available. 

So he bought the rigs (for six and 



/COM's IC-202 


appointed with their units. Some have 
had some drift problems because of 
temperature variations in mobile ser 

traceable to using cheaper grades of 
American crystals not specifically cut 
for VXO service. ICOM has not 
published full specifications for the 
crystals and so far only includes 
144.0-144.4 crystals. Since operations 
in many parts of the country center 
around 145.010 in keeping with the 
.010, .110 tradition on other VHF 
bands (6m, 2m, 220, 432. 12961, 
ICOM might do well to include the 
145.0 145.2 MHz range at least as an 
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center milliammeter. 


M ost anyone who owns 
one will agree that 
finding a surplus facsimile 
machine was something of a 
mixed blessing. The unit is 
probably large and unwieldy; 
replacement parts are a 
problem; and some modifica¬ 
tion was likely to be needed 
before the recorder could be 
used. The alternative, custo¬ 
mizing one’s own FAX 
machine, isn't really too diffi¬ 
cult. The recorder presented 
here requires no great amount 
of mechanical ability to con¬ 
struct. It is an electrolytic 
type. Chemically treated 
paper is drawn between a 
rotating helix (nichrome 
wire) and a steel blade. A 
potential between blade and 
helix causes a marking ion to 
be deposited on the paper. 
The unit will record FSK 
transmissions of weather 
maps, as well as some wire 
service photo transmissions, 
though the latter will suffer 
mirror image in recording - 
pictures come out reversed 
with respect to left and right. 


73 Magazine has published 
a series of interesting articles 
on facsimile during the last 
several years: “An 1C Facsi¬ 


mile Receiving Converter," 
Brockman, January, 1974; 
Ralph Taggart's series, “A 
Satellite FAX System You 


Can Build," August, Septem¬ 
ber, and October, 1975; “A 
Fast Scan Facsimile System 
with SSTV Compatibility," 
Winkler, March, 1973; and 
“Facsimile for the Radio 
Amateur," Dean, August and 
September, 1971. I suggest 
that this material be explored 
before getting into the 
project. In particular, the 
article by Bob Dean (of 
Alden Electronic & Impulse 
Recording Equipment Co.) 
should be reviewed. It is an 
informative and comprehen¬ 
sive report on amateur facsi¬ 
mile. 

There is one definite pre¬ 
requisite before getting 
underway. A little Western 
Union Telefax transceiver will 
be needed for a source of 
gears and bearings (and some 
electronic components). 
These "deskfax" units are 
still plentiful on the surplus 
market. If there is any diffi¬ 
culty in finding one locally, I 
can supply a source ($5.00 
for the unit plus shipping). 
Please include a self-addressed 


Clyde B. Lee, Sr. W4NK 
117 Woodmore Ave. 

Lo uisville KY 40214 


Build a FAX from Scratch 


— repeater control, with ID 





stamped envelope with your 
request. 

Electronics 

The demodulator, Fig. 1, 
is merely a RTTY terminal 
unit. A suitable lead resistor 
and diode have been added to 
optimize it for facsimile. This 
circuit, employing an NE565 
phase locked loop, was pre¬ 
sented by Nat Stinnette 
W4AYV in the February, 
1975, issue of Ham Radio 
Magazine . 1 The demodulator 
works on the FM principle. 
The voltage-controlled oscilla¬ 
tor of the NE565 locks onto 
the incoming Signal and 
tracks it between the fre¬ 
quencies of the black (1500 
Hz) and white (2300 Hz) 
tones, resulting in a corres¬ 
ponding dc shift at the 
output. A voltage comparator 
connected to the output of 
the PLL produces plus and 
minus voltages to activate 
printing transistor Q1. A 
zero-center mill iammeter func¬ 
tions as a tuning indicator. 

The precision ac source 
Fig. 2, supplies 40 Hz to a 50 
Watt class B motor amplifier, 
using a pair of 6550 tubes 
connected as zero-biased 
triodes. Inasmuch as the desk- 
fax operated at 180 rpm (60 
Hz supply), 40 Hz is required 
to lower the speed of the 
synchronous drive motor to 
produce 120 rpm. The 120 
rpm helix rate is required to 
copy weather map and some 
wircphoto transmissions. The 
little TTL crystal oscillator 
circuit is a “surefire" one 
from QST, February, 1974, 


Fig. 3. Power supplies. *T2 — 6.3 V from deskfax. S2 - DPST 
switch. 


p. 34. When others are 
cranky, this one will work! 

I used the following pro¬ 
cedure to select T x , the 
motor amplifier output trans¬ 
former (see Fig. 3). The 
method requires a known 
composition resistor, VTVM, 
and filament transformer 
(part of a more extensive 
routine by W0MKF in Ham 
Notebook for determining 
values of unknown induc¬ 
tances). The setup will only 
give ball park values of impe¬ 
dance, but that’s close 
enough: 


1. Measure ac voltage 
across known series 
resistor. 

2. Compute I from 

e / r l . 

3. Measure ac voltage 
across inductance. 

4. Compute Z from E/I. 



Applying the method, in 
turn, to deskfax motor wind¬ 
ings, primary and secondary 
of a surplus (unmarked) 
power transformer on hand, 
the following values were 
obtained: 


Deskfax: 


Primary: 1400 
Secondary: 20k 
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Helix contactor. 


That's the best combination 
my junk box could produce 
— anyway, it works! 

In the motor amplifier, 
Fig. 4, L and C (7 Henry 
choke and 2 mF capacitor) 
filter the square wave 40 Hz 
tone from the TTL source to 
an acceptable sine wave for 
the amplifier. In selecting the 
output transformer, T x , 
select a husky one, 115 V 
primary, with a secondary 
around 350-0-350 V at 175 
to 200 mA. 

Mechanics 

As a first step, dismantle 
the deskfax. Disengage the 
traversing mechanism. Rotate 
the drum and slide it slowly 
to the left. As you look 
through the hole in the drum 
you’ll see a brass screw in the 
drive shaft. Remove the 
screw. Loosen the collars and 
fiber gear. Now the half inch 
drive shaft can be removed 
from the left. Remove the 
cradle and strip it. Remove 
the following electronic com¬ 


ponents: the push-button 
switch, the 6.3 V filament 
transformer, and the 2.5 mF 
motor capacitor. 

Cut the cradle in two, 
making the cut 4-3/4” from 
the left end (the bronze 
sleeve bearings should be 
covered to protect them from 
filings). Next, cut the 1/2” 
steel drive shaft as follows: 
from the left end of the shaft, 
1 piece 4-7/8"; from the right 
end of the shaft, measuring 
from the shoulder, 1 piece 2” 
long. (This allows Zi” clear¬ 
ance between the end of the 
helix drum and the right bear¬ 
ing.) See Fig. 5. Genter and 
drill and tap the bearing end 
of the 2” piece for a !4" 4/40 
screw (this will be a wiping 
contact). 

Helix 

I’ve used Wink W6WMI’s 
system in constructing the 
helix. (See Fig. 5.) The helix 
drum is a plexiglas rod VA" 
diameter, 10" long. This is a 
step that will require a lathe 


Fig. 4. Motor amplifier. T x — 
- Stancor Cl 707. SI - N.C 
resistors 'A Watt 10%. 



or some means of precision 
boring. One half inch 
diameter holes (carefully 
centered!) are drilled to a 
depth of VA" in each end of 
the drum. Fit the drum with 
the pieces of the ’/a" drive 
shaft previously cut, accord¬ 
ing to Fig. 5. Drill and tap for 
a 4/40 screw %" in from the 
right end of the drum. This 
screw must go through the 
wall of the drum and make 
good electrical contact with 
the drive shaft. Drill and tap 
for 6/32, V*" screws to anchor 
the #22 nichrome helix wire. 
The screws are located %" in 
from each end of the drum 
and positioned to form a 
370° lead (one spiral turn 
occupying 9" with about 5° 
overlap at each end). 

Looking at the right end 
of the drum, rotation will be 
counterclockwise. The 
nichrome wire is to be wound 
clockwise (sweep will be from 
right to left as contact is 
made with the blade). Snug 
the wire up as tightly as 
possible on the drum, then 
pass the free right end over to 
be fastened by the contacting 

Cradle 

Using a 3/16” bit, drill any 
additional holes needed in the 
base of each of the two pieces 
of cradle previously cut. Set 
the pieces on a plexiglas sheet 
3/8" by 4 Vi" by 14 V*". Tem¬ 
porarily install the helix and 
align it so that it turns 
smoothly. Mark the mounting 
holes, then drill and tap for 
#8 screws. A 13" by 17” by 
3" chassis is used for assem¬ 
bling the recorder. Place the 


se text. T1 — Stancor A4713. C 
SPST push-button switch. All 



plexiglas base (above) on the 
chassis. At this time install 
whatever you intend to use 
for shock mounts. There 
should be at least 4. (Ex¬ 
cellent shock mounts are 
available from the deskfax, 
but there are only 3.) 

Paper Humidor 

An aluminum plate 1/8” 
by 3 Vi' by 10" is to be 
installed on the flange of the 
right cradle member (this 
flange formerly supported the 
optical system). Position the 
plate so that it overlaps the 
forward edge of the flange 'A" 
and is aligned with the right 
end of the cradle. Before 
mounting the plate, using a 
3/16” bit, drill holes in each 
corner of the plate for 
mounting the paper humidor. 

The Alfax paper must be 
kept moist for the electro¬ 
lytic process to work; so 
while the plexiglas enclosure 
does add to the expense of 
the project, it is an essential 
part of the recorder. IPS 
Weldon #3 solvent (or other 
suitable brand) is used in 
assembly. You’ll need an 
applicator. I paid the addi¬ 
tional price and had the dis¬ 
tributor cut the pieces to size. 
See Fig. 6. The box goes 
together easily — just tack the 
members with a few pieces of 
Scotch tape, apply the sol- 
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Fig. 5. Helix. 


vent, and in a matter of 
seconds the pieces are really 
welded. Note that paper will 
be fed through a 1/8" slit, 
formed by pieces A and B of 
the front of the humidor.* 
Next cut out two supports 
for the Alfax paper. Use 3/8” 
plexiglas and cut to the 
dimensions of Fig. 6. Center 
these at the ends of the 
interior of the humidor and 
cement with solvent. Align 
the top, then drill and tap for 
a Vi inch 6/32 screw at each 
end. Place a roll of Alfax 
paper in the humidor and 
replace the top. Drill and tap 
for a 6/32 screw 2" long that 
will extend down through the 
cover and contact the hub of 
the paper roll. These should 
be about 9/16" in from the 
end of the cover and in line 
with the center of the hub. 
Do this for both ends. The 2" 
6/32 screws installed will 
function as "brakes” to con¬ 
trol the flow of paper. 

Blade Assembly 

Cut a piece of 3/8” plex¬ 
iglas to 114 by 9Yi". Install 
steel pins at each end, as in 
Fig. 7. (Material for the pins 
can be taken from the desk- 
fax push-button switch 
assembly.) Cut a piece of W 
aluminum angle and install 
with 4/40 screws as shown. 
The two screws at each end at 
the top will anchor two 
phosphor-bronze motor brush 
springs. The three screws 
along the forward edge will 


secure the blade, 2 wedging it 
between the plexiglas and the 
aluminum angle. (The 
National Weather Service and 
some TV stations use Alden 
facsimile recorders that use a 
blade in the form of a steel 
loop. These are discarded 
after a little wear and are a 
good source of material for 
the blade required here. 9 Vi" 
sections can be cut from the 
loop.) 

Paper Feed Assembly 

See Figs. 8 and 9. The 
paper feed mechanism is 
driven by a 5 Watt, 115 V, VS 
rpm, 60 Hz synchronous 
motor. This is a Hurst, Model 
CA, available directly from 
the Hurst Mfg. Co., Motor 
Division, Princeton, Indiana, 
currently at $18.06. This 
speed (VS rpm) with VS" 
rollers, produces a 9” by 11" 
recording. Not exactly 
symmetrical, if one is a 
purist. The rollers are made 
by slipping 10-3/4” lengths of 
rubber tubing (VS" O.D., 54” 
I.D.) over 'A" steel rod (the 
material should be turned and 
ground shaft or drill rod). 
The driven roller is 13-1/8" 
long; the idler is 11-7/8”. Ball 
bearings (NICE type 1602 



DC) are used for the driven 
roller. The bearings are 
11/16” O.D., Vi" I.D. The 
tension springs, E and F, are 
1-3/4“ long, cut from the 
traversing mechanism (spring) 
of the deskfax. Reference 
F"ig. 9: the 3/16” diameter 
holes at 0 and P are to be at a 
depth of 3/16" on the inner 
surfaces of supports A and D. 
These will retain a 3/16” rod 
(preferably brass) to smooth 
and align the paper as it 
emerges from the slit in the 
humidor. The bottom of the 
rod should align with the top 
of the helix and be positioned 
about 5/8" forward from the 
center line of the helix. (This 
detail is not shown in the 
exploded view of Fig. 8.) 
Two aluminum "end plates" 
of 1/8" material, each 414” 
by 514", support the paper 
feed assembly and the con¬ 
tactor for the helix wire. See 
Fig. 10. A coupling 1" long 
will be required to couple the 
3/16” motor shaft to the 14" 
roller rod (you’ll probably 
have to make this). Place the 
plexiglas supports, A and D, 
on their respective end plates, 
and align the top and forward 
edges. Mark the mounting 
holes and the center line of 
the driven roller shaft. Drill a 
5/16" hole for the motor 
shaft. This is to be expanded 
to 1/2" after the motor 
mounting holes have been 
marked and drilled. 

A 3/4” diameter hole is to 
be drilled in the right end 
plate, 1-3/4” from the top 
edge, 2-7/8" from the for¬ 
ward edge. This is for the 
rotating contact (a 4/40 
screw) in the right end of the 



'Plexiglas, solvent, and rubber 
tubing were obtained from 
General Rubber & Supply Co., 
3118 Preston Highway, Louisville 
KY 


Fig. 6. Humidor and roll supports. Humidor (3/8" plexiglas): 2 
pcs. 3-3/4" x 3-3/4" (ends); I pc. 4-1/8" x 11-1/4“ (back); / 
pc. 3-3/4"x 11-1/4" (bottom); 1 pc. 4-1/2"x 11-1/4" (top); 1 
pc. 2-5/8" x 11-1/4" (front); 1 pc. 1-3/8" x 11-1/4" (front). 
Assemble with IPS Weldon #3 solvent. 


helix drive shaft. The con¬ 
tactor is merely a piece of 
“springy" brass mounted on a 
small piece of 3/8" plexiglas. 

Getting It All Together 

Install the fiber gear and 
then the 7/16” collar at the 
left end of the helix drive 
shaft. Install the helix drive 
motor in the left cradle 
member. Place the helix in 
the sleeve bearings and mount 
the assembly to the plexiglas 
base. Position the aluminum 
end plates with the bottom 
edges aligned with the 
bottom of the cradle, and 
with the rear edges aligned 
with the rear edge of motor 
support. Attach these to the 
ends of the cradle with #8 
screws (2 in the lower edge 
and 1 on the uprights that 
house the sleeve bearings). 
Press the ball bearings into 
the 11 /16" holes in the plexi¬ 
glas supports (A and D). Slip 
the paper smoothing rod into 
each support, seating it at 0 
and P (Fig. 9). Install the 
driven roller. Attach this 
assembly to the aluminum 
end plates. The left support, 
A, will require 3 spacers 1V4" 
long. These can be made up 
of 3 sets of 3/8” O.D. spacers 
for #8 screws, 14" long (H. H. 
Smith #2119) and 1” long 
(H. H. Smith #2117). Slip the 
coupling onto the left end of 
the roller shaft; mount the 
motor. Mount the springs and 
adjustable bearings (Fig. 8) 
for the idler roller. Install the 
aluminum base plate for the 
paper humidor. Place the 
humidor on the plate, 
centered with the helix, and 
with its front 1-1/8” from the 
center line of the helix. Mark 
and attach the humidor to 
the plate (use ’A" screws). 
Slip the left pin of the blade 



Fig. 6(a). *Alfax paper 
collapsible core. 





assembly into its mounting 
bracket (a piece of 1/8" 
brass, Zi" by 3”). Rest the 
blade on the helix, center it, 
and, with the blade assembly 
leveled, mark the right end 
plate for a 1/8” bearing hole. 
Similarly mark and mount 
the left bracket. (Small thin 
pieces of brass, attached with 
4/40 screws to the outer sur¬ 
faces of the bearing members, 
will prevent lateral movement 
of the blade assembly.) Two 
#8 screws, 154” long, support 
the phosphor-bronze motor 
springs (Fig. 7). Use a #55 (or 
similar) bit and drill a hole 
adjacent to the head of each 
screw. Drill and tap the 
front wall of the humidor for 
these #8 screws, 1 ” from the 
top and 1J4" inch from each 
end. Two 'A" hex spacers, 1" 
long, threaded for a 6/32 
screw (H. H. Smith #2324) 
are drilled and tapped for a 
4/40 screw at 4” from an 
end. Run a locking nut down 
on two 4/40 screws, 3/4” 
long, and then install in the 
hex spacers. Solder com¬ 
pression-type springs (I cut 
them from a transistor heat 
sink clip) to the tips of each 
4/40 screw. Thread small 
gauge copper wire through 
the holes in the #8 screws 
after installing them in the 
front wall of the humidor. 
Secure the ends of the 
phosphor-bronze springs (the 
other end of the springs 
should be fastened to the 
aluminum angle of the blade 
assembly). Solder a lead to 
the right spring. Attach the 


helix contact to the right end 
plate, centering it on the 4/40 
screw head from the drive 
shaft. Put a few drops of #10 
oil on the sleeve bearings and 
worm gear. Turn the helix by 
hand to see that everything is 
still aligned. Set the collar 
and fiber gear in place. There 
should be just a tiny amount 
of backlash with the fiber 
gear and worm — and a 
similar “tiny” amount of end 
play between the collar and 
left bearing. Apply power to 
the helix drive motor to make 
any final adjustments of the 4 
mounting screws necessary 
for smooth operation. Pour a 
small quantity of water into 
the humidor, and, assuming 
all of the electronics are func¬ 
tioning perfectly(l), place a 
roll of paper in the recorder 
and look for NSS! 

Operation 

Fleet facsimile broadcasts 
are made from NSS, Washing¬ 
ton, D.C., on the following 
frequencies (kHz): 3357, 
4975, 8080, 10865, 16410, 
and 20015. Incidentally, pub¬ 
lication H.O. 118, available 
from the U.S. Naval Oceano¬ 
graphic Office, Washington, 
D.C., contains a wealth of 
data on worldwide FAX 
weather broadcasts (as well as 
RTTY). There is also infor¬ 
mation on interpreting 
weather codes. 

This is the procedure I 
used with a Drake SSB re¬ 
ceiver, an R4B, to adjust the 
PLL demodulator. Tune in 
the NSS signal (upper side- 




Paper feed detail. 


band). Most transmissions are 2300 Hz (white). Set R I of 
of about 10 minutes dura- the demodulator fully clock- 
tion, with 800 Hz shift wise (maximum resistance), 
between 1500 Hz (black) and Tuning to the 2300 Hz tone 



Fig. 8. Paper feed assembly (not to scale). A, D: left and right 
supports, 3/8" plexiglas. B, C: top roller bearing, adjustable 
brass, 1/8” x 1/2” x 1-1/4". E, F: tension springs. G, H; 
rollers. /, J: #8 screws, 1/4". K, L: 4/40 1/2". M, N: ball 
bearings. 


Fig. 7. Blade assembly. 






should cause the zero-center 
milliammeter (tuning indica¬ 
tor) to deflect toward maxi¬ 
mum negative. The 2300 Hz 
tone is transmitted between 
maps, so this is a good time 
to check the tuning indicator 
and set it for maximum de¬ 
flection. Remain tuned to the 
2300 Hz tone until a start 
tone is heard, indicating the 
beginning of the next map 
transmission. This will be a 
lower tone (I believe it is 675 
Hz). This will be transmitted 
for 10 seconds, and will be 
followed by about 30 seconds 
of phasing pulses. During this 
time, with the recorder 
running, you should see the 
recording coming in as a field 
of black with a white line 
(about '/i" wide) in the field. 
Momentarily activate the 
phasing switch (push-button) 
and note the shift of the 
white line to the right. Con¬ 
tinue to pulse the phasing 
switch until you have the 


white line at the left edge of 
the paper. You now have 
your drum phased with that 
of NSS for proper reception 
of the map. The copy will 
probably look thin and 
skimpy with this setting of 
R1. Back off on R1 slightly 
and retune the signal. Note 
that you are able to control 
the width of lines in the 
recording (to some degree) by 
the setting of R1. 

The recorder will copy 
wirephoto transmissions 
made at 120 rpm. Wirephoto 
transmissions will be on lower 
sideband (and inasmuch as 
press frequencies are private, 
it would be inappropriate to 
publish them here). I can say 
that occasionally I’ve tuned 
above 15690 kHz and come 
upon a signal that sounds like 
a flock of nervous wild 
turkeys, and with a little 
jockeying around the lower 
sideband, was able to get a 
picture. 


Options 

If a smaller format is pre¬ 
ferred, Alfax paper is avail¬ 
able in various widths: 8Vj, 
6-1/8, 5'h inches (14 inch is to 
be added to accommodate 
flange thickness). A 19 inch 
format with paper feed of 96 
lines per inch is more or less 
standard in facsimile trans¬ 
missions. Lines per inch are 
increased with a smaller for¬ 
mat, according to the rela¬ 
tion: 

Lp| = Helix rate (rpm) 

Paper feed (in./min.) 
One would merely have to 
rewind the helix, select a 
paper feed motor with slower 
rpm (or decrease the diameter 
of the rollers), and adjust the 
paper roll supports accor¬ 
dingly. 
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Fig. 9. Paper feed supports (3/8" plexiglas). Drill and tap 
each piece for 8/32 %" screw, 3/4" from forward edge, 5/8" 
from top. Drill 11/16" hole for ball bearing, on each piece 
116" from forward edge, 7/8" from top. 0 and P: 3/16" 
diameter holes to a depth of 3/16" on inner surface of each 
piece, 7/8" from top, 214” from forward edge, to retain 3/16" 
smoothing and aligning rod (brass, 3/16" x 1214"). 
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A s I promised in an 
earlier article, here is 
the conclusion to the con¬ 
struction of a 220 MHz 
repeater. It is the control 
system I designed to operate 
any repeater with minimum 
attention. Once put into 
operation, there should be no 
need to ever service the con¬ 
trol system, except for 
changing the ID. 

This system consists of 
two main PC boards, the 
timer control and the ID. The 
timer board contains all the 
necessary circuitry for the 
complete and unattended 
operation of a remote re¬ 
peater with provisions for 
timeout reset, instant drop¬ 
out, and autopatch access and 
de-access with adjustable 
timers. The timers consist of 
two NE556s and one NE555 
which are set up to control 
the transmit keying tran¬ 
sistor. The timing functions 
are: autopatch timer, timeout 
timer, tail timer, ID timer, 
and what I call a receiver off 
timer. 

The CW identifier is an 
improvement on the circuit in 
the FM and Repeaters Handr 
book published by the 
ARRL. It can be found on 
pages 136 and 137 (1972 
edition). I didn’t understand 
the clock oscillator and stop 
logic circuit, so I redesigned it 
to operate with the control 
board I had designed. How¬ 
ever, it will function on its 
own quite well and will inter¬ 
face with almost any existing 
control system. Also, it’s dirt 
cheap to build. Depending on 
where you get the 8223, total 
cost for parts is about $7.00. 
In fact, the whole system 
should only set you back 
about $30.00, which is 
cheaper than a certain CW ID 
kit I know of using diodes for 
programming. 

Both boards are single¬ 
sided and four and three- 
quarters inch square so they 
may be stacked to save space. 


Der 

Repeatermeister 


-- then get satellite pictures 
and other things 


I really hate using a lot of 
jumper wires, but it’s easier 
than trying a double-sided 
board. I admit that I’m not 
that good at making PC 
boards yet. If the boards are 
used separately, there is pro¬ 
vision for using an LM309K 


on each; if used together, one 
may be eliminated and a 
jumper installed from the 
board with the regulator. 
Total current drain is around 
400 mils, which is well within 
the ratings of the LM309K. 

The nice thing about using 


a PROM is that it can be 
custom programmed in the 
field. Several magazines have 
published articles on pro¬ 
gramming the 8223, the best 
one having appeared in 
Popular Electronics, July, 
1975, page 27. Once you get 



Fig. 7. PROM CW ID. Program note: Dit — 0 — Space in same letter 1; Dah — 000 — Space 
between letters 111; Space between words 11111 or 111111. 
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Fig. 4. Autopatch Timer. 


used to the procedure for 
programming, it only takes 
about five minutes to do the 
whole chip. 

PROM CW ID 

The changes made to this 
circuit are simple. Rather 
than the stop logic the 
original had, I used a 7430 
8-input NAND gate. This chip 
will give a logic 0 output for 
all 1 inputs. The 7432 will 
decode the 0 from the 7430 
and the 0 on the ID Initiate 
input and give a 0 output 
which is inverted by IC9d to 
fire the one-shot, resetting 
the two counter ICs to zero, 
and also puts a high on the 
Chip Enable of the 8223 
which puts all the outputs to 
a logic 1, thus ensuring that 
the ID circuit stays stopped 
until initiated again by a logic 
1 pulse. 

This is very important. 
Program the 8223 with 
reverse logic. If you want a 
tone, the output of the 8223 
must be a 0. Also, make sure 
that no set of outputs is all 
logic Is, because this is the 
stop word. Try to arrange the 
programming in such a way 
that at least one output per 
word is a 0. Example: DE 
WA1UFE. Word 0 - 

1000111, word 1 - 0111010, 
word 2 — 1011111, word 3 — 
0001000, etc. The words read 
from right to left. That is, B7, 
B6, B5, B4, B3, B2, B1, B0. 
Of course, the stop word, 
1111111, can be programmed 
anywhere in the chip, but 
should be immediately after 
the message. 


A “Smart” ID Timer 

This is the best part of the 
whole design. I wanted an ID 
that would not come on over 
someone’s transmission, 
would wait until the carrier 
dropped, would have to ID 
on initial keyup, ID after a 
timeout, and ID once after 
repeater usage ceased. This 
one does it all. 

IC2b and IC4 are con¬ 
nected as a self-resetting 
timer. But the gates marked 
"wait gate” control the 
resetting of the timer. 
Assume that IC3 has timed 


out. This puts a low on pin 9 
of IC8, which puts a low on 
pin 5 of IC4. If there is no 
signal being received, pin 13 
of IC8 is also low. As soon as 


IC2b times out, pins 10 and 
12 of IC8 go high. Now the 
circuit is "waiting.” Backing 
up a bit, IC3 is timed out 
because pins 2 and 4 see a 
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Fig. 6. Component side, master logic board. Dot identifies pin I. Drill two small holes near 
input and output of IC9 arid add jumper shown. Use insulated wire. Also use insulated wire for 
the tong jumpers. 



Fig. 7. CW ID board (full size). 


high. As soon as the input 
goes low, the timer is reset, 
and will start liming as soon 
as the input goes high again. 
Now, suppose a signal is 
received. Pin 13 of ICS goes 
high, and since pin I 2 is high, 
a high is put on pins 3 and 4 
of IC4. Nothing happens yet 
since pin 5 is still low. As 
soon as the signal drops, pins 
3 and 4 go low and IC3 starts 
timing again, putting a high 
on pin 9 of ICS, which puts a 
high on pin 5 of IC4 and fires 
the one-shot which initiates 
the ID and resets IC2b. A 
similar sequence occurs 
during repeater usage, time¬ 
out, and final ID. 

The reason for 1C 10a: I 
was trying to get an exclusive 
output for use with a voice 
ID circuit; logically, it should 
work, but practically, it 
doesn’t. 

Timeout and Tail Timer 

A simple enough circuit: 
two timers working out of 
phase with each other. 1C 1 b 
is set to control the trans¬ 
mitter on-time, which is 
variable from about 1 minute 
to 3 /i minutes. IC2a is set to 
time out at 5 seconds and is 
reset each time the receiver 
squelch is broken. If no tail is 
wanted, a logic one at the 
base of Q6 will short the 
output of IC2a to ground 
through the 100 Ohm load 
resistor. 

I found that I needed a 
Schmitt Trigger input. It 
seems that when the re¬ 
ceiver’s squelch is broken, the 
squelch gate generated a burst 
of noise that caused false 
triggering of the ID timer. 
Adding the 7413 cured the 
problem. A logic one on the 
COR input is needed to key 
the transmitter. 

Q1 is used for remote 
timeout reset, svhich can be 
controlled from the remote 
control receiver and tone 
decoders. A short logic one 
pulse will momentarily 
ground the base of Q2, 
resetting all the timers. 

Q4 is the transmitter 







assuming that a phone patch 
has a relay in it that can be 
energized by grounding one 
side of the coil. 

If this portion of the con¬ 
trol board is not needed or 
not used, note that the inputs 
must be grounded; otherwise, 
the transmitter will latch on 
transmit. ■ 

Parts List - Logic Board 

ICs Resistors 

1 7400 2 100 Ohm 14 W 

1 7402 1 Ik'/jW 

1 7404 5 2.7k 14 W 

2 7408 2 4.7k V4 W 

1 74121 2 470k V4 W 

1 NE555 1 500k Trimpot 

2 NE556 3 1 Meg Trimpot 

1 LM309K 1 1.5 Meg Vi W 

Capacitors 
12 .01 uF disc 

2 IOuF 16V 
1 47 uF 16V 

3 100 uF 16 V 
1 470uF 16 V 

Parts List - CW ID 



Fig. 8. Component side, CW ID. Dot identifies 1C pin 1. 


ICs Resistors 


keying transistor. The 
collector is grounded when 
active, so this will work with 
relay keying or the solid state 
keyer I used in the repeater I 
built. If the transmitter being 
controlled uses a 120 volt 
relay, substitute a high 
voltage transistor for the 
2N708 used here. I assumed a 
solid state repeater. 

Autopatch Timer 

Since autopatch is 
becoming more popular on 
repeaters these days, I 
decided to include a timing 


circuit for it, also. This circuit 
will allow an adjustable time 
delay in the receive mode (for 
the user). It is adjustable 
from about 30 seconds to 
over 90 seconds. If someone 
should access the patch and 
for some reason not be able 
to transmit again, once ICIa 
times out, it will automati¬ 
cally drop the phone line and 
reset itself so that one would 
have to re-access. The time¬ 
out on the user’s transmission 
is limited by the normal time¬ 
out period. 

Logic one inputs are 


required to enable and disable 
the timer. Not knowing what 
every repeater uses as tone 
decoders, I purposely 
designed it to be flexible. 
This will also allow any access 
code one wants to use, if 
other than * for access and # 
for de-access: single tone or 
sequential tone or whatever, 
as long as the circuit being 
used can provide a logic one 
output. 

Not being familiar with 
phone patches, I decided on 
an uncommitted collector 
output. I am, of course, 


2 7400 1 180 Ohm % W 

1 7430 1 470 Ohm % W 

1 7432 1 1k%W 

2 7493 1 4.7k % W 

1 74121 1 2.5k Trimpot 

1 74151 1 Ik Trimpot 

1 8223 
1 LM309K 

Capacitors Transistor 

? .01 uF disc* i 2N708 

3 1.0 uF Mylar 
1 IOuF 16 V 

1 47 uF 16 V 
1 470 uF 16 V 

‘May be needed if rf problems 


NOTE: Negatives for photo¬ 
etching are available from the 
author for 50i each postpaid. 
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Lightning and Thunder 
and Other Stuff 

-can J. Bach be a relative of P.D.Q. Bach? 






O ver a hundred years ago, 
a father, mother and 
their two daughters sat before 
their fireplace, watching the 
dying embers. There came a 
bluish flickering in the chim¬ 
ney. 

“What's that, Papa?” 
asked one of the girls. 

"Wait a minute, and you’ll 
see it again,” he said. 

Soon it came again, and 
took him with it when it 
went, without harming any of 
the others. One of the girls 
was my maternal grand¬ 
mother, who was terrified of 
lightning all of her days. 

Many don’t know that 
heat ionizes air, and that a 
hot flue is a dangerously good 
conductor for lightning. An 
open window is not so good 
either - to stand in one 
during an electric storm is 
foolish bravado. A lightning 
stroke may be three miles 
long, allot it through air. It is 
well to avoid metal, but that 
does not, of itself, guarantee 
safety. 

Many people get knocked 
kicking, or cold, by secon¬ 
dary or induced strokes. A 
lifelong friend of mine was in 
his house and saw a black 
walnut tree struck, and some¬ 
thing knocked him down at 
the same time. With its bark 
blasted off, the tree later 
died. He also had a playmate 
who lagged behind a group 
and was struck in the open 
and killed. 

Lightning deaths in this 
country run around four 
hundred a year, more or less. 
A thousand more are injured 
more or less seriously. I don't 
know if anyone has ever sur¬ 
vived a direct main bolt of 
lightning - what they 
recovered from may have 
been secondary or induced 
shocks. 

It often happens that a 
man’s shoes will fly off when 
he is struck. Women’s slippers 
are not very secure, but 
shoes, laced up, come off a 
lot harder. Lightning can do 
it, and frequently does. I 
think this is due to a violent 
muscle spasm. 


If you like to investigate 
little understood subjects, try 
your own lightning investiga¬ 
tion. In big cities, nobody 
knows what lightning is, 
except in the most general 
way; country and small town 
people have come to terms 
with it, and they can tell you 
stories .. . ! 

For instance, a close neigh¬ 
bor’s wife saw a doorman 
struck from across a court¬ 
yard, and both his shoes flew 
off. He recovered quickly. 
Her husband’s father, when 
he was seventeen, was struck 
and was unconscious for 
several hours. Thereafter, 
whenever an electric storm 
came up, he would lapse into 
deep unconsciousness, from 
which it was impossible to 
rouse him. At twenty-five, he 
married, and when his son 
was born, the baby used to 
drift off to sleep, or it may 
have been unconsciousness, 
along with his father. This 
was no catalepsy: They were 
both completely under. When 
the child was about eleven, he 
stayed awake. It is easy to 
think up explanations, but 
the passing years make it 
impossible to check. So 
nobody knows the answer, if 
there is one. 

Another friend, who runs 
an auto supply business, saw 
a lightning flash at the very 
tail end of a storm which 
struck a locust tree. (These 
are frequent targets.) It 
spiraled the trunk more than 
once, jumped to a nut tree 
which was very close, down 
to a clothesline pulley and 
along the line, which was 
plastic with a steel center. 
Blankets were pinned to the 
line, and as she described it, 
the clothespins snapped off 
the line successively in a high 
arc like flights of arrows. The 
blankets fell. At the near end, 
the bolt burned out the tele¬ 
phone and its ground, 
knocked boards off the 
garage, set them afire, and 
simultaneously induced a 
power failure. She had to call 
the fire company, the tele¬ 
phone company, and the 


power company from a neigh¬ 
bor's phone and return to 
fight the fire. 

What stuck in my mind 
was this one-at-a-time 
business with the clothespins, 
since I knew that lightning 
peaked out at 90,000 miles 
per second. So I asked about 
this again. She was less sure 
about the clothespins, but the 
ground was very muddy and 
held a film of oil and grease 
from parked cars. The 
blankets fell into this muck 
starting with the furthest one 
and continuing on down the 
line. If you have ever had a 
wash fall off a line — and I 
have - you believe her, 
science or no science. I never 
argue with facts. 

At 90,000 miles/second 
propagation I defy you to see 
one end start before the 
other, but yet I have seen this 
many times and so have you 
and so have a multitude of 
people. Some of this is 
optical illusion — the strobe 
effect of ribbon or sheet 
lightning, perhaps. Some of it 
is imagination — you always 
see lightning strike down, 
even if it sometimes strikes 
up. In Fig. 1, next to the 
antenna, I have drawn a 
stroke of lightning as it was 
rendered in the middle of the 
last century. I don't know 
whether this was a conven¬ 
tion, or whether it really 
looked this way to the artists 
of the day. Find an old wood- 
cut of Franklin and his kite, 
and you’ll see it shown that 
way. Not in real life though - 
no acute angles, no sawtooth. 
The fact remains that at times 
you can follow the progress 
of a stroke with the eye, and 
I don't care who says differ¬ 



ent. It is so, and I have seen 
it, and there was no mistake. 
The 90,000 miles/second is a 
maximum. 

To continue, there was the 
local taximan. He was sitting 
in a dairy barn on a metal 
milking stool when the 
lightning rod on the barn was 
struck. He was knocked out, 
and when he came to, he saw 
a cow in a most un-cow-like 
position: flat on her belly 
with her front legs straight 
out in front of her, and her 
nose between her hooves. She 
recovered. Everything loose 
in the barn was upside down. 
Investigation revealed that 
the rod had been directly 
connected to the line of 
metal milking stanchions, 
which were embedded in the 
concrete floor-slab. The rod 
was properly grounded soon 
thereafter. 

Some writer once pointed 
out that Franklin himself did 
not ground his lightning rods. 
The implication was that the 
old man wasn’t very bright, 
which is a bit much. Old Ben 
is a hero of mine, and I 
happen to know that his first 
idea was to brush-discharge 
clouds and avoid lightning 
strokes altogether. But 
highly-charged clouds are 
swept along by the winds - 
the origin of sheet lightning, , 
which strikes along a line that 
may be forty feet long. (This 
would give an apparent direc¬ 
tion to the stroke even if it 
were near instantaneous.) 
There is no discharging such a 
cloud harmlessly except by a 
good lightning rod. Now Ben 
built an air shaft in his house, 
and suspended an iron lance 
in it (probably by strips of 
silk cloth, his favorite 


Fig. 1. 
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insulator) free from ground. 
His description makes no 
mention of any window, or 
viewing port, or peephole in 
this structure, but what do 
you think? I think he had a 
small window he could watch 
through from a rocking chair. 

I also think he could open 
this window, reach in, and 
charge a Leyden jar, or his 
own flat-plate capacitor, in 
fair weather from the normal 
voltage gradient whenever he 
felt like it. There is nothing in 
his writings to this effect, but 
it figures. 

Franklin was no less 
interested in electrical dis¬ 
charges than any other 
scientist. Ask any of them. 
And ask them if they would 
attend a lecture by the old 
man if this were possible, and 
they might surprise you. As a 
scientist, then, he was study¬ 
ing discharges, and I infer 
that he got knocked off his 
chair one day and concluded 
that the brush-discharge 
theory applied only to 
Leyden jars. He grounded his 
rods forthwith. Earlier, he 
himself had written, 
"Experience keeps a dear 
school, but fools will learn in 
no other.” He wasn’t about 
to pay the tuition, himself. 

Lightning comes and goes; 
it doesn't stick around to be 
studied. Aside from a few 
specialists, little is known 
about it. We not only don’t 
know the answers, we don't 
even know the questions! 
When lightning strikes very 


close, say, within a hundred 
yards, there is no thunder. I 
have observed this myself. I 
also checked this with a hiker 
who was narrowly missed 
along a cliff path in the 
Poconos. What you get is 
one tremendous, ear-splitting 
CRACK, or explosion, and 
after that, nothing. No 
rumble, no echo, dead 
silence. Maybe your ears 
don't work very well after¬ 
ward, but I have noticed the 
same thing with guns. Fire a 
thirty-oh-six or equivalent, 
and then listen to one across 
the valley and you will see 
what I mean. When you don’t 
hear the rumbling thunder, 
you had a near miss and you 
had better believe itl 

Sound travels at about 
1100 feet per second. Five 
seconds between flash and 
thunder would indicate a mile 
and a little. Ten or fifteen 
seconds and the lightning is 
quite far away. But even at a 
mile, you sometimes get a 
sharp “click" simultaneously 
with the flash, followed by 
thunder later. Where does the 
click come from? 

Obviously it comes from a 
pole transformer or lightning 
arrestor on a nearby highline, 
and you can hit one of them 
with a rock, from anywhere. 
Nearly anywhere: Once I was 
really in the country, a storm 
came up, I got the flash/click 
with thunder following, and 
there went another perfectly 
good theory. I could see the 
nearest highline mires away. 


During WW II when the 
243-type air-spaced crystal 
holder was being developed, 
it was found that some plates 
would oscillate well in some 
holders and not at all in 
others. It was theorized that 
the defective holders had the 
wrong number of acoustic 
quarter-waves in them; they 
were redesigned, and were 
worse than before. After a lot 
of careful checking, it was 
determined that the sound 
waves had twice their normal 
velocity under the observed 
conditions. The formula was 
revised, the electrodes spaced 
accordingly and 243s were 
turned out like popcorn. So! 
Two different velocities for 
sound, eh? Let’s call ordinary 
sound wave propagation 
O.S.W.P. and the more rapid 
mode, a percussive propaga¬ 
tion. The O.S.W.P. takes 
advantage of the mass and the 
elasticity of the medium and 
is propagated very efficiently, 
but somewhat slowly. The 
percussive mode is explosive; 
it is driven outward from the 
source without regard to any¬ 
thing but its own force. It is 
not an efficient mode, since it 
is very rapid, and it is quickly 
attenuated. Does that fit the 
facts? 

I saw an interesting sub¬ 
marine movie once. The boat 
was taking a real depth 
bombing. First a sharp 
"click," a wait, and then 
"Boom!” An officer 
explained to a passenger that 
the click was the detonator 
going off, followed by the 
boom of the main charge. 
You could tell if the ex¬ 
plosion was near or far by the 
interval between the click and 
the boom. Sound familiar? 

I have handled enough 
dynamite, and reloaded 
enough cartridges in my time 
to gag over the idea of an 
interval between detonator 
firing and the explosion of 
the main charge. Properly 
rationed, there is enough silli¬ 
ness here to supply a man for 
weeks. There is no interval 
between them, none that you 


could sense. The propagation 
speed of the explosion is 
what? — about a mile a 
second? - something like 
that, and all this stuff is 
together in one big drum. 
Having little faith in movies 
and their sound effects, I 
consulted a submarine expert 
I know - he has survived 
many depth charge attacks. 
He says no, it doesn’t sound 
anything like in the movies, 
but yes, there is this click- 
pause-boom business, just as 
described. I haven't read any¬ 
thing about it, or talked 
about it to anyone, but again 
I infer that this is more of the 
same — O.S.W.P. and (per¬ 
cussive) P.P. with the per¬ 
cussive arriving first, but the 
ordinary sound wave follow¬ 
ing, and both starting at the 
same instant from the same 
source. 

What’s important about 
this? Maybe nothing. It could 
be important; I don’t know, 
you don’t know, neither does 
anyone else. But if it exists, 
someone should know about 
it. It is worth discussing. 

The Encyclopedia Brittan- 
ica has a lot to say about 
lightning, ancj much of the 
information comes from the 
States, surprisingly enough. 
The Americana and the 
Collier’s also have interesting 
sections. It is said that a 
lightning stroke has a 
diameter of 20 cm or about 
eight inches. What’s wrong 
with that? 

This: A flagpole is typi¬ 
cally eight inches through. 
You can see the flag quite a 
distance, but the pole soon 
becomes invisible. You know 
that anything across the river 
is at least three miles away — 
still, lightning seen over there 
is no mere fiery thread - it 
has a most definite width, 
maybe a couple of yards 
across. This you can see. 

Ever watch a searchlight 
beam on a foggy night? It 
goes up and is blunted like a 
finger, stops quite abruptly. 
Even as seen from the side, 
you get some of this effect. It 





should taper off gradually, 
but it doesn’t. Maybe that is 
why lightning looks so wide? 

No, I don’t think so. The 
encyclopedias tell us that the 
temperature inside a bolt is a 
little higher than that of the 
sun's surface, and certainly its 
brightness approaches the 
sun’s also. Then it should 
look several times fatter than 
it does with that much light, 
if the finger theory applies. 

I picture lightning as 
twisting and squirming 
around in a six foot tunnel of 
near-vacuum and high tem¬ 
perature and glaring light. 
Maybe the individual bolts 
are only eight inches across, 
but they succeed each other 
at very short intervals and 
pretty well fill the tunnel 
before the bolt subsides. 

But no one will ever look 
down such a tunnel and see 
what I have described. Air¬ 
planes are sometimes struck 
by lightning, usually without 
harm other than a small hole 
burned in the skin of the 
plane. Pilots have said that 
the first time was terrifying, 
and the second, worse. 

Why worse? I dismissed 
the subject, as you probably 
have, until this writing. The 
answer undoubtedly lies in 
the fact that the glare is so 
bright that the pilots can see 
nothing for five minutes or 
more - not outside, not 
instruments. Turbulence pre¬ 
vents hands-off flying, and 
currents of several thousand 
Amperes can magnetize and 
burn out almost anything. I 
shouldn’t think the autopilot 
or radios would work very 
well. But the main thing is 
that, from any altitude, a 
modern plane can get below 
ground level in less than any 
five minutes. I think I’d give 
up flying, if I survived the 
first bolt. 

We ought to get something 
practical as well as educa¬ 
tional out of all this. OK, 
lightning arrestors. They are 
very old, not so old as the 
lightning rod, but in wide use 
on power lines at the turn of 
the century. Simple gaps have 
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been sold as “lightning 
arrestors” for radio receiving 
antennas for a half century, 
but a simple gap is only half 
an arrestor. 

When I worked for Ma Bell, 

I worked with a New York 
Tel man who had been an 
installer. He had a lightning 
trouble to fix, so he went to 
the house, replaced the drop 
wire which was shredded, and 
then looked for the arrestor. 
Now this is a book-sized slab 
of glazed white porcelain, 
with two long skinny fuses on 
top, and a metal screw can, 
which covers two carbon gaps 
which are the main arrestor. 
It was supposed to have brass 
terminals on it, too. Appar¬ 
ently the bolt had made sand 
of the base and vaporized the 
metal, since there wasn’t a 
single piece of the thing to be 
found — not a sliver the size 
of a fingernail. The subset 
inside was in perfect order - 
he made sure of this. 

By the way, the Brittanica 
has a line drawing of this 
lightning protector together 
with a brief description. The 
output of the protector 
(arrestor) where it goes into 
the house has the wires bent 
into a “drip loop” which is 
the subject of much dis¬ 
cussion among installers. 
Eddie, my friend, surmised 
that this loop, besides 
dripping water off, made up 
half a turn of inductance, 
which was somehow respon¬ 
sible for keeping lightning 
bolts out of houses. 

I agreed with him without 
reservation. It is a very low 
inductance, some fraction of 
a microhenry. Lightning is 
pulse stuff which seems to 
have an equivalent frequency 
of at least a megacycle. At 
that frequency we shouldn't 
expect much inductive reac¬ 
tance, but wait — the wave 
front of lightning is an ex¬ 
tremely steep one. We are 
used to thinking in terms of a 
square wave of a few volts on 
a CRO, End to end, a 
lightning stroke may 
approach a BILLION volts, 
and there is one hellacious 


difference between rising 
six volts in a microsecond and 
rising, say, twenty thousand 
or more. Now, it doesn’t have 
to equal the lightning voltage 
very far, only until the gap 
breaks down. Once this is 
well ionized, you have a 
pretty good short circuit and 
the inductive reactance is un¬ 
important. 

So far as the ground path 
is concerned. But it amazes 
me how people forget that in 
order to work, the inductance 
must have some current in it. 
(Heck, they mostly even 
forget to include the induc¬ 
tance!) What does this mean? 
It means that 99 44/100% of 
the bolt goes straight to 
ground, while 56/100 of 1% 
makes burned toast out of 
the front end of your trans¬ 
ceiver or whatever. You just 
HAVE to account for this 
0.56% because it is 0.56% of 
a lightning bolt, and may be 
sizable. 

What then? I show, in Fig. 
1, another arrestor at the 
station equipment which is 
not actually installed, but 
should be. Backing that up is 
a relay which is energized as 
long as the equipment is 
turned on, cutting the end- 
fed antenna straight through, 
or grounding the antenna on 
its back contact when 
released. I don’t have that 
installed either, but I’m going 
to have. I have seen receivers 
with the front end burned up 
and I don't want any. 

I said that nearly every¬ 
body neglects the inductors. 
But look for them in Telco 
and Powerco installations. 
And Radio Broadcast Trans¬ 
mitters. I worked a couple of 
years for a local BC station. 
Their coax cables are as big as 
your wrist, and the “drip” 
loop, or inductor, is three 
turns or so, each a yard across. 
The end is connected across 
the base insulator, and in 
parallel with this is the 
lightning gap. It looks like a 
piece of heavy strap iron, 
grounded under the base 
insulator, with a bolt at the 
top that faces a tower leg, 


spaced no more than an 
eighth of an inch away from it 

One morning, as the FCC 
requires, I was reading the 
antenna base currents and 
logging them, when the 
lightning gap caught my eye. 
While it looked heavy enough 
to swing on, I was a little 
cautious - I reached out and 
tapped it gently with the edge 
of my shoe. Not like Kojak 
entering an apartment, but 
rather gingerly. I got a big, 
bright, hot arc that stood for 
five long seconds and went 
out. I loped back for the 
transmitter at my very best 
lope but everything was OK; 
the tape was still running and 
there were no telephone calls. 
Nobody listens! I concluded 
that the strap was several 
laminations of sheet copper 
painted black. I know it was 
flexible and not very springy. 

Another man I worked 
with had a farm, and used 
fence “controllers" for cattle 
— i.e., an electric fence. 
Lightning got this thing every 
couple of weeks and he 
needed a new one, or exten¬ 
sive repairs. I mentioned the 
drip loop and he wound 
about ten turns at the con¬ 
troller terminal. No more 
trouble. 

My own lightning arrestor 
is for an end fed 80 meter 
dipole. Most lead-ins are 50 
Ohm transmission lines, but 
this poses no problem at all. 
Just wind the whole business, 
center conductor, braid and 
all, in a coil. It won’t even 
add an irregularity to your 
line. Maybe a gap will, though 
there is a coax fitting with a 
built-in adjustable gap that is 
supposed to be OK. 

But how about trans¬ 
mitting through such a 
device? Wouldn't it need a 
gargantuan gap? Let’s see .,. 
for a 50 W line at 2 kW Peak 
Envelope, 

P = E2/R 

E2= PR = 2 X 50= 100 
E = \/T00 =10 

which I don't believe for a 
moment and I hope you 




don't either. Obviously I'm 
suffering from a lack of 
coffee. 

Ah! Much better! 

E 2 = 2,000 (ah-HAH!) X 50 

= 100,000 

E = VI 00,000 = 316 volts 
or some such, which is a lot 
more reasonable. I have heard 
the figure 8,000 volts break¬ 
down between needle points. 
Spark plug gaps are a great 
deal shorter than this, but 
remember they work under 
high pressures. So it looks 
like the little fitting I spoke 
of will work for a full sized 
ham transmitter. If it doesn't, 
and you have to introduce a 
larger one, which makes an 
irregularity, remember please, 
that lightning makes lots 
bigger ones. 

Fig. 2 is about rotators 
and their wiring. I don't have 
one of these, but if I did, I 
should protect it as shown. 
The box does not have to be 
steel, but steel is nice. When 
lightning goes down that leg 
to ground, there is an enor¬ 


mous magnetic field pro¬ 
duced. There is no way to 
shield the wiring — all you 
can do is "drip loop” and gap 
it. At the motor end, I have 
shown some resistors to 
ground. These are high 
enough not to affect normal 
operation, but at the same 
time afford a lightning 
path to ground besides that 
of the motor insulation. I 
have a feeling that the 
windings will break down 
pretty easily unless there is 
protection. As I say, I don’t 
own one, so this is all theory. 

We don’t know the whole 
story about lightning yet. As 
a child I lived across the river 
from Cincinnati. One evening 
I was treated to a celestial 
fireworks display like no 
other I have seen or heard of. 
So far as I could see, there 
was not a cloud in the sky. 
The arc in the lone streetlight 
in our block sputtered and 
clinked, but the lightning out¬ 
shone it making it negligible. 
Starting at the southern 
horizon, the bolts crawled 


across the sky to the zenith, 
like the fiery hands of God 
reaching ... reaching ... for 
whom? For a frightened little 
boy (me), guilt-ridden as all 
of us then -ere? Not to feel 
guilt continually was surely 
arrogance, which was some¬ 
thing else to be guilty of. 
Nevertheless, I watched as 
long as I dared, because there 
was no slightest sound, save 
the beating of my own heart 
and the clinking of the arc 
light. The lightning was com¬ 
pletely silent, and as spooky 
as anything Flitchcock ever 
dreamed up. 

I asked my parents about 
it. “Heat lightning,” they ex¬ 
plained. It was so far away 
that I did not hear the 
thunder it generated. Far 
away? Straight up? And if 
you look up definitions you 
will find exactly that explana¬ 
tion in modern books. 

In 1885 the Washington 
Monument was struck several 
times on one occasion, and 
several observers testified that 
the strokes were absolutely 


noiseless. The Empire State 
Building often has noiseless 
strokes. Here it is theorized 
that the upward "stepped 
leader” was not followed by 
a main stroke (they don’t say 
why) so that the violent blast 
is missing. 

The Brittanica also men¬ 
tions that a length of #14 
AWG rubber-covered wire 
was struck by a bolt, which in 
some fashion completely re¬ 
moved the wire, leaving a 
tube of rubber intact. They 
don’t say how long the wire 
was. 

Apparently someone had 
doubts about all this, so he 
set up an experiment with the 
same kind of wire (Dammit, 
how long was the wire? It 
makes a difference!) with 
exactly the same results — the 
artificial lightning either 
vaporized or melted or 
punched out the wire insert 
leaving a rubber tube, intact. 

I have succeeded with this 
story if I have convinced you 
only that lightning is nothing 
to horse around with! ■ 
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Behold 

the Giant Nixie Clock 


--using a minimum of new parts 


Jack Grimes W4LLR 
P.O. Box 16004 
Memphis TN 38116 




T he May 1975 issue of 73 
Magazine coniained the 
article “Fat Nixies For Chro¬ 
nometer Nuts." I’d tip my 
hat, if I wore one, to anyone 
who makes use of a surplus 
bargain, and the Burroughs 
7971 alphanumeric lubes 
are a steal on the market at 
the present time. When used 
as the display for a six digit 
clock, they become an eye¬ 
popping conversation piece. 

Having accumulated a 
sizable stock of the giant 
nixies with clocks in mind, 
the 73 article was a welcome 
sight and inspired me to get 
out the old soldering iron and 


dust off the workbench (that 
is if you can call four layers 
of assorted junk, including, 
but not limited to, resistors, 
condensers, wire, metal drill 
shavings, transformer lamina¬ 
tions, etc., “dust”). 

My giant nixies were 
acquired complete with the 
sockets and brackets 
mounted on boards. Each 
assembly includes two nixies, 
tsvo sockets, 33 transistors, 
about 100 resistors, 25 diodes 
and 18 capacitors, plus wire. 

Before I began work I 
reached for the Radio Shack 
catalog to look up the price I 
would have to pay for the 


RS2008 300 volt NPN tran¬ 
sistors specified in the article. 
It quickly became apparent 
that the $5.00 paid for the 
three boards (with six nixies 
and sockets) was only a small 
down payment on the 
finished product. Another 
bottleneck (at least to me) 
was that a quick look through 
the latest flyers in the shack 
showed no readily available 
source of PNP 300 volt tran¬ 
sistors at any price. (I never 
did get around to writing 
Heathkit.) 

Since I had ordered nixies 
to build seven of the clocks 
for use as gifts (for people 







who seem to have every¬ 
thing), I was somewhat reluc¬ 
tant to purchase the 
necessary 448 resistors and 
175 transistors, when half or 
more of the little solid state 
devices would be costing 
upwards of $1.50 each. 
Besides that (now we get to 
the nitty-gritty), the pocket- 
book was slightly flat! 

So I kept staring at those 
surplus boards with those 33 
transistors in nice shining 
rows, and all those other 
parts. And I kept looking at 
the May 1975 issue of 73 
Magazine and at the spec 
sheets which came with the 
MM5314 clock chips. At one 
time, I reasoned, those same 
33 transistors had been used 
to drive the nixies. So why 
not use them in the nixie 
clock? 

It was easy to determine 
that the long row of tran¬ 
sistors farthest from the 
brackets had been used as 
segment drivers (UL624). 
Two transistors located at 
one end of the board, approx¬ 
imately two inches behind 
the only 2 Watt resistors, 
were determined to be PNP 
high voltage type. Most are 


Motorola SA480. A few 
boards used Texas Instru¬ 
ments, designated UL480. 

But I had no way of 
knowing how high the voltage 
rating was. I am sure many 
readers have access to books 
and could easily obtain the 
specs, but nothing I had gave 
the information, and inquiries 
among friends and on the 


nets failed. So I crossed and 
uncrossed fingers and began 
experimenting with the 
following objectives in mind: 

1. Build a clock using as 
many parts as possible from 
the surplus boards. 

2. Simplify the design and 
eliminate as many parts as 
possible. 

I am happy to say both 
objectives were more 
successful than I dared hope. 
All transistors were taken 
from the boards, as were a 
large number of resistors. 
Even the board itself, with PC 
strips removed by sanding, is 
used as the “board chassis.” 

The total number of parts 
has been cut approximately 
in half, resulting in sub¬ 
stantial savings even if the 
nixies are bought less boards 
and it is necessary to pur¬ 
chase transistors. As 
examples, my clocks use only 
13 transistors rather than 25 
as specified in the 73 article, 
only 27 resistors in circuits 
associated with the driver 
transistors compared to 64, 
and the power supply has a 
total of 3 diodes instead of 8 
and 2 resistors rather than 4. 
At the same time, sharpness, 
clarity and brilliance of the 
numerals leave nothing to be 


The construction of the 
clock is straightforward and 
not difficult. It actually is 
built in three phases or parts, 
which are then brought 
together for the finished 
project: the display, the 
brain-board, and the cabinet. 

A cabinet may be built of 
any material for wall 
mounting or for table or rack. 
A good grade of full one inch 
oak, birch, walnut or maple, 
etc., will make a cabinet 
worthy of the “works" you. 
will build. My choice was wall 
clocks of wood. Once this 
decision was made the rest of 
the construction fell into 
place. 

Since the cabinets were to 
be of wood, it was natural to 
mount the nixie socket- 
brackets on wood. For this 
purpose cut a piece of 
plywood or %" plank ^6y^" 
long x 5 3 4" high. 

The brackets are removed 
from the PC boards, leaving 
the sockets intact, and sawed 
off just toward the center 
from the mounting holes. The 
two bracket ends containing 
the sockets may now be 
bolted together using the 
existing hole. The three 
boards will yield three pairs 
of bracket-sockets, for hours, 
minutes and seconds. 



Two clocks, ready for cabinet, standing on end. A pair of 
colon blocks, viewed from the front and rear, stand between 
the docks. 
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Fig. 2. Alternate colon wiring, enabling use of resistors from 
boards. 





Bottom view of board. Resistor above the transformer is the 
H. V. bleeder. 



Mount with short wood 
screws along the bottom of 
the wood strip, leaving 
approximately one inch 
between pairs. (Colons will be 
placed in these gaps.) 

You are now ready for 
some wiring fun — multi¬ 
plexing the segment pins. 
This simply means connecting 
all like pins together. Wire 
only the pins used, of course. 
(See page 24 of the May 1975 
issue of 73 Magazine for 
details.) The wires should be 
formed to run along the back 
of the sockets along the 
bottom edge of the wood. 
Use seven color coded wires; 
a cable is formed approxi¬ 
mately one foot long which is 
passed through a '/*" hole to 
the back of the wooden 
board. Six wires, also color 
coded, are wired to pin 13 of 


each nixie and are also 
brought to the rear of the 
plank. 

Two colons are made from 
four NE2 neon bulbs. The 
NE2s are mounted in shallow 
!4” holes drilled in two 
wooden blocks which hold 
the lights approximately even 
with the surface of the giant 
nixie display. With a small 
bit, drill two separate holes 
from the bottom of each 
shallow hole through to the 
back, for the NE2 leads. A 
! 4 ” hole is drilled from the 
bottom end of each block 
near the back and allowed to 
"come out” the back midway 
up. In this manner the leads 
of the NE2s may be reached 
and connections made. Three 
wires are brought out the 
bottom (one common and 
one to each bulb). This wiring 
is cabled with the segment 
wiring and also brought to 
the back of the display board. 

The NE2s are fed from the 
120 volt ac line through four 
220k resistors, which gives 
the proper brightness to 
match the display. 


If it is desired to use parts 
from the board, four 120k 
resistors may be used, one to 
feed each NE2, and one 27k 
resistor to feed the four re¬ 
sistors. See alternate colon 
wiring. 

With the display complete 
you are ready to tackle the 
“brain-board." There is no 
question that a printed circuit 
board would be the ideal way 
to wire the clock. But not 
having PC facilities and 
desiring to build only seven 
clocks, it seemed sensible to 
proceed with freehand layout 
and drilling. Actually I use 
old PC boards with the strips 
sanded off with a rotary 
sander. 

The power supply should 
be wired first. A 12 volt 
center tap filament trans¬ 
former allows use of only two 
diodes. However, a 6.3 volt 
transformer with a bridge 
does an equally good job. 
You should come out with 
approximately 9 volts dc for 
the clock chip. At this voltage 
the chip does not run even 
slightly warm and operates 
perfectly. 

Experiments showed the 
giant nixies fire with a voltage 


much lower than the 180-200 
volts. Using a lower voltage 
gives a safety margin for the 
high voltage transistors. 

In the interests of cost and 
simplicity, a simple half wave 
circuit is used to rectify the 
line voltage for the 150 volt 
supply. A 16 mF capacitor 
with at least 150 volt rating is 
sufficient filtering. A 220k 1 
Watt resistor serves to bleed 
off the voltage slowly when 
the clock is unplugged. 

Writing this, I can almost 
hear the screams: "A line 
voltage rectifier! A hot 
chassis!” 

Well, this clock has no hot 
chassis, because it has no 
(metal) chassis. Note in the 
diagram there are no ground 
symbols. Only a “0” volts dc 
line. This same line has one 
leg of the 120 V ac on it. But, 
kept completely under the 
board and enclosed in a 
wooden cabinet, it certainly 
does not present a shock 
hazard. 

Once the power supply is 
complete and tested, the 
clock chip socket should be 
mounted in the approximate 
center of the remaining board 
space. Then mount the com¬ 
ponents, and wire everything 



Top view of board. Transformer is mounted with half below 
the board. The three black spots below the transformer are 
three 100 uF filters, 25 V rating, paralleled. Segment drivers 
are at one end of the board. Digit enable is near the center. 


72 










have used 20k resistors from 
the base of the transistors to 
the 1C chip with no notice¬ 
able change in operation of 
the clock. So this does not 
appear to be critical. Because 
of the much lower voltage 
and shorter duration of the 
pulses, 2.7k resistors are used 
for current limiting - all 
from the surplus boards. 

The tricky part of the 
giant nixie clock, as men¬ 
tioned in the May 1975 
article, is interfacing the digit 
enable pulses with the high 
voltage transistors. It is, of 
course, an absolute must to 
keep the high voltage isolated 
from the low voltage chip, 
while at the same time 
passing a pulse of sufficient 
intensity to trigger the tran¬ 
sistor and provide the voltage 
to light the proper segments 
of the nixies. 

Fortunately such a device 
to do this is in existence 1 . It 
was invented quite a number 
of years ago. This needed 
device is called a capacitor. 

My first effort was to use 
the .022 condensers on the 
surplus boards between the 
chips and base of the high 
voltage transistors. If one 
turned the lights out in the 
shack, flickering numbers 
could be seen. 

An 8 mF filter, + side to 
the base of the transistor and 
connected across one of the 
.022 capacitors, lighted a 
numeral brightly. But six 150 
volt filters would not be 
exactly cheap or space saving. 
And the numeral had a 
tendency to pulse. 

Any old-timer and most 
new hams know it takes a 
very large capacity to pass a 
low frequency, while a very 
small capacitor will pass a 
high frequency. 

So, why not raise the 
multiple, or scanning rate, 
thereby increasing the fre¬ 
quency and shortening the 
duration of the pulses? Hence 
the 3,000 mmF condenser in 
the frequency determining 
portion of the chip circuit. 
With this scanning rate, .5 


The bracket mounting, wiring, and colon mounting. 


associated with pins 2, 10, 
11, 12 , 16, 23 and 24 of the 
chip. At this point, if you 
wish, you may install the chip 
and apply power. 

Using a scope, if all is well, 
you should see pulses 
appearing on pins 17 through 
22. If you do not have a 
scope, a VOM may be used 


and you will get a pulsing, 
variable reading on the 12 V 
scale from pins 3 through 9. 

The segment drivers use 
the UL624 transistors from 
the surplus boards. I have 
never had one fail, even while 
experimenting. Only six of 
the 33k resistors are available 
from the boards. However, I 


Tube sockets and brackets after removal from surplus boards 
and mounted on wood strip. Wires are left attached and used 
for multiplex wiring. 
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capacitors pass the pulse 
nicely. With this problem 
solved, building a clock 
became a matter of mounting 
parts and wiring. 

One word of caution: Be 
sure and short the leads of 
each .5 condenser together 
before installing to be sure 
there is no residual charge. A 
capacitor holding a charge, if 
connected to the chip, can 
knock out the device. 

When first firing up the 
clock, you may feel 
something is wrong as not all 
numerals will necessarily 
light. For some reason the 
first digit usually comes up a 
“3," and the other numbers 
will probably not make sense. 
But the seconds should be 
counting. Press the fast 
forward button and run the 
clock through a full 12 hours. 
If all is well, it will straighten 
out and the sequence will fall 
into place. 

Building the Cabinet 

For those who may wish 
to duplicate the wall clock, I 
will give the cabinet dimen¬ 
sions. Whatever type cabinet 
you decide on, the inside 
space will have to be large 
enough to accommodate the 
16'/2” length and approximate 
6” height and 5" to 6” depth. 

My cabinets are built from 
1” wood and overall dimen¬ 
sions are 24” high, I8/2" 
wide and 8” deep. The top of 
the clock forms one shelf and 
is 7” deep. The bottom shelf 
is 3” deep. The wood is 
finished only with Formby’s 
Tung Oil and hand rubbed - 
no varnish. 

There is no special groov¬ 
ing. Only two side panels, 
shelves and back, cut to fit 
and put together with dowel 
pins - no nails. A piece of 
glass is placed in front of the 
nixies, as are two 2” wide 
pieces of trim, reducing the 
opening to approximately 4 
inches. 

The cabinets are cut out 
entirely with a circular and a 
saber saw and finished with a 
sander. The only special work 
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451 5 Oakwood Drive 
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S low scan television can, 
without a doubt, add the 
single largest new dimension 
to amateur radio activities 
since we started using phone. 
Unfortunately, the way in 
which most of us have used 
this new mode is far from 
creative. The advent of new 
operating conveniences such 
as keyboards has not im¬ 
proved matters; in fact, many 
"video" exchanges have 
degenerated into nothing 
more than typed exchanges 
which could be accomplished 
just as easily with RTTY. The 
goal of SSTV operation is to 
add a visual dimension to a 
QSO, and if the miracle of 


picture transmission fails to 
add anything new to the 
“rituals" we perform on the 
air, we have achieved little 
beyond acquiring a rather 
expensive novelty. There are 
a few creative SSTV oper¬ 
ators around — you can 
recognize them because their 
exchanges are lively and inter¬ 
esting without having to 
resort to magazine center¬ 
folds to keep your attention. 
Such a level of operating does 
not come about simply by 
acquiring gear — it takes con¬ 
siderable time and attention 
and some practice to develop 
operating and programming 
techniques that will raise you 


above the teeming crowds. 
The purpose of this article is 
to acquaint both new and 
seasoned SSTV operators 
with some of the ideas and 
techniques that will help 
make your pictures worth 
watching. Let’s look at some 
of these and see which might 
be applicable to your situa- 

The first area to consider 
is programming — what do 
you want to show? If the 
name of the game is working 
DX or simply seeing how 
many stations you can work, 
then it hardly pays to spend 
good money on a camera. 
Simply get a keyboard and 


start typing. Your countries 
total will mount but the 
QSOs will be as sterile as the 
typical impersonal exchange 
that marks so much amateur 
operation these days. Of 
course you will want a selec¬ 
tion of ID slides and test 
patterns for calling CQ, 73 
and all that jazz. We can also 
throw in ourselves, but few of 
us are good looking enough 
to keep up interest, with that 
sort of material! There is, of 
course, all that gear that you 
have so lovingly assembled, 
but let’s face it — my SB-102 
looks very much like yours. 
Even if you have a piece of 
gear that I don’t, it is 






probable that I already know 
what it looks like, otherwise 
the advertisers are wasting a 
fortune in promotion! Your 
shack — the way you have 
piled all the junk together — 
is probably unique and a 
picture of this can substitute 
for a visit. Unfortunately, the 
roster of material in most 
stations runs only this far. 
This may thrill you to death 
if you are new at the TV 
game, but the prospect of 
facing nothing but such 
material on a Saturday after¬ 
noon when you have been in 
the game for a number of 
years is enough to make you 
leave the rig off and socialize 
with the wife and kids. 

What about the wife and 
kids? They rank high on my 
list of subjects simply because 
they acquaint people with the 
family — just use them in 
moderation remembering the 
family movie syndrome. Are 
there other horizons? What 
are your interests? Are there 
non-obscene topics that turn 
you on? A photographic tour 
of the points of interest in 
your area adds a personal 
touch. Subjects such as a new 
model plane or anything from 
your other hobbies also 
brings you a little closer to 
the op at the other end. How 
about pictures from the last 
vacation or telling a story 
with pictures? The chances 
are the guy at the other end is 
used to watching endless 
streams of video trash; pro¬ 
vide him with an interesting 
program, and at least you'll 
get a star in the log and 
maybe a friend for life! There 
are some people who are too 
busy to watch an interesting 
presentation. If you happen 
to get one of these, simply 
slip him your ID or type his 
call letters, maybe jazzed up 
with your leering face. He’ll 
go away happy and the best 
part is that the QSO won't 
take much time! You can’t 
get lessons in creativity, but 
look around you with the 
idea of saying something with 
pictures that you couldn’t get 


across on phone. If you start 
thinking that way you will be 
on the right track. 

A second major factor in 
SSTV operating is the way 
you use your equipment. 
There are several aspects to 
this area, some aesthetic and 
some technical. The technical 
part is easy — make sure your 
pictures have adequate video 
“swing” or contrast. There 
are many ways to insure this, 
including the W0LMD spec¬ 
trum analyzer (73 SSTV 
Handbook), my own 
approach to budget signal 
analysis (73, January 1975), 
and some monitors such as 
the Robot and Venus which 
now come with spectrum 
analysis capability. Even 
pedestrian pictures look 
better when the camera is 
properly adjusted to provide 
a good video swing. The 
aesthetic part of program¬ 
ming concerns goodies such 
as lighting, camera angles, 
sequencing of video sources, 
etc. Let’s look at some of 
these. 

One of the most apparent 
shortcomings in most SSTV 
operations is the matter of 
lighting. The most common 
practice is to mount a flood- 
lamp over the camera point¬ 
ing in the general direction of 
the operator and hope for the 
best. In a typical larger room 
or one with dark walls, the 
result is a pale face floating in 
a sea of black — far more 
suitable for halloween than 
an exchange of pleasantries. 
Unless it can’t be avoided, 
never use a single light source 
for primary illumination of 
the subject - the result will 
be harsh and far from 
pleasing. A simple light bar 
mounted above the camera 
and having at least two flood- 
lamps is the minimum light 
installation you should con¬ 
sider. If the room has a light- 
colored ceiling, try “bounce 
lighting” - directing one or 
more lights at an angle 
toward the ceiling to provide 
more even illumination. If the 
camera can be arranged to 


view you against a close wall 
or the gear — fine — but if 
there is considerable distance 
to the nearest light surface, 
the background will appear 
black. A neat solution to this 
problem which I saw at 
W7FEN's installation was to 
mount a light-colored 
window shade on the ceiling 
behind the operator (as 
viewed from the camera). 
When you want to transmit 
live> pictures, simply pull 
down the shade to provide a 
lighter background. The 
shade can be left up and out 
of the way when not in use. 
If the shade will be quite 
close to you, it should be 
grey, beige, or a distinct off- 
white color to prevent satura¬ 
tion of the background. If it 
will be located slightly 
further back from your 
normal seated position, it can 
be white to compensate for 
the additional distance. 
Here’s another hint that as far 
as I know also originated with 
W7FEN. Control the in¬ 
tensity of your lights with a 
light dimmer or motor con¬ 
trol. This will eliminate the 
need to get up and fuss with 
the camera f-stop; you simply 
dial in the light intensity 
required for good picture 
rendition. Camera and 
lighting angles are important 
as well. Profile views of the 
operator are generally not as 
pleasant as full face views - 
as much as people might 
admire your chin they still 
like to meet you face to face. 
Ideally the camera angle 
should be just slightly oblique 
along with the lights to 
emphasize facial contours. If 
strong shadows exist, fill 
them in with supplementary 
lights; light shadowing is 
pleasant to view, but you 
don't want your face to look 
like a lunar sunrise with 
extremes of light and shadow. 
Try to set up the camera 
position so that it is equiva¬ 
lent to someone sitting in the 
shack; avoid extreme camera 
angles. No one likes a view 
that looks like it originated 
from the ceiling, while a view 


of your face from the vicinity 
of your navel is equally unsat¬ 
isfactory. 

There should be less 
trouble with pictures of 
equipment and other features 
of the shack, for you can 
make these at your leisure 
and put them on tape for 
later replay. Use good camera 
angles and arrange lighting to 
avoid extremes of light and 
shadow. Hauling a camera 
around the shack during a 
QSO as a sort of guided tour 
is to be avoided like the 
plague. First of all, you rarely 
make coherent conversation 
as you are lugging everything 
around; secondly and perhaps 
more important, the pictures 
you produce this way are 
likely to be poorly lighted 
and composed. It is much 
easier to do it right and 
commit the pictures to tape, 
using them again when re¬ 
quired. 

For general operation, 
cassettes are probably the 
most flexible program 
medium. If you have a good 
recorder with an accurate 
editing counter, you can put 
several programs on a cassette 
keying up the program where 
required. If your tape counter 
is not accurate, you are better 
off using small cassettes (15 
or 30 minutes) with a single 
program per side so that you 
only need start at the begin¬ 
ning of each side to have the 
program properly cued. The 
mumbling and fumbling that 
accompanies an attempt to 
find a certain set of pictures 
in a non-edited or poorly 
controlled tape will send the 
fellow at the other end 
looking for a cup of coffee or 
something stronger, particu¬ 
larly if he has heard this scene 
a hundred times before. Using 
tape, the station with a single 
camera can prepare innumer¬ 
able programs while keeping 
the camera in position for live 
pickup during actual opera¬ 
tions. If more than one video 
source is available - multiple 
cameras, keyboard, or flying 
spot scanner — the oppor- 
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tunities for creative program- most useful things you can do the upper limit. Three frames camera, FSS, and keyboard - 

ming are increased to the with it is to type “label is probably optimum. Longer to eliminate wasted time in 

extent that all these sources frames" to be inserted programs should be reserved switching from one source to 

can be utilized together in a between pictures to provide for excellent band conditions another? Many FSS units and 

coherent manner. additional explanation of the where with proper editing most keyboards are home 

Many operators are also visual material. W0LMD has technique you could brew. Why not take the sync 

amateur photographers and designed a nifty titler circuit probably drop to two frames signals from your commercial 

maintain collections of 35mm that will put a one line title in per subject, thus saving 8 camera and use these to con- 

slides that represent excellent the actual picture frame. The seconds. Remember that the trol the other video sources? 

potentialprogrammaterial.lt letters are rather small, which fellow at the other end will Broadcast stations stay in 

is usually not feasible to set makes them difficult to read be looking at a 120 line sync by using a common sync 

up the projector to work under noisy conditions, but it picture, so choose your sub- source for all video sources, 

against a small screen and use does eliminate the need to jects accordingly. Obscure and you can do the same, 

the camera to pick up the interrupt the picture se- pictures, such as the backside This sort of thing is optional, 

picture. Either the projector quence, of a sleeping cockroach, may but it does add a nice touch, 

or camera must usually be at The flying spot scanner is be excellent for those en- Those of you out there who 
an angle to the screen re- also a useful tool for handling gaging “guess what it is" like to tinker with the gear 

suiting in undesirable key- routine picture material games, but are unsatisfactory might consider the possi- 

stoning or foreshortening of either as slides or photo- for general programming. The bility. 

parts of the picture. Even if graphs. Several designs are macro-focus freaks are fond The key to a high class 
the space is available to use a presented in the SSTV Hand- of showing extreme closeups operation is to choose inter- 

larger screen at a greater dis- book. An FSS can handle CQ of things like ICs and postage esting pictures and handle 

tance, the intensity of the and ID slides, your cartoons, stamps. While such manipula- them with the maximum ver- 

projected image drops off. and any photos you might tions work very well to satility and technical ex- 

The solution is to use a rear wish to transmit while leaving demonstrate the equipment, pertise that your equipment 

projection system. A wooden the camera free for live they can be so-so in the permits. Putting together a 

frame between I and 2 feet pickup. interest department. I don’t quality video operation is not 

square is used to support a The key to good program- want to disparage stamps in only a challenge - it will 

piece of transluscent plastic, ming is to have a smooth flow general; it's just that most of mean that other operators 

The projector is placed of material. Pictures should us have seen the common will want to work you as 

behind the screen with the be changed during the frame garden varieties. If you have a often as possible and perhaps 

camera set up on the other transition to avoid erratic dis- collection of rare or beautiful pick up some hints for their 

side. You can set up your play and poor continuity. If stamps, by all means use own stations. We are only just 

slides in the proper order and your picture handling mode them. A note here: If you beginning to learn to use this 

use the slide changer doesn’t permit such rapid want to use macro-focus to new dimension and many 

mechanism to switch the changes, consider putting that maximum advantage, use the new techniques will emerge as 

slides between SSTV frames, particular sequence on tape camera in conjunction with a we work on the subject. At 

This technique can be used so the recorder can do the job suitable fast scan monitor, any stage, however, there is 

with tape and a single camera of stopping one picture at the Poorly focused pictures are to no more excuse for sloppy 

or it can be used with a end of the frame and starting be avoided, and this problem picture technique then there 

second camera while you are another right before the is more prevalent when you is for a sloppy fist or ham- 

actually on the air. You arrival of a vertical sync start playing the macro-focus handed phone operation, 

should put the slides in back- pulse. It takes some practice, game. That kind of operating will 

wards so they will have the but you can produce ex- A final note in regard to always be with us, but let’s 

proper orientation when cellent tapes without having multiple camera sources. Why see if it can stay in the 

viewed by the camera. If you to cut and paste. Usually five not use a common sync gen- background as SSTV forges 

have a keyboard, one of the frames of a given subject is erator for all sources - ahead! ■ 
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Don’t Build This Project 



W hen I first got this 
brainstorm I thought 
I would earn a place in ham- 
dom for building the world’s 
smallest field strength meter. 
It may not be the smallest 
but it ought to win an award 
for something. Like many 
other projects that should 
have suffered an early death, 
this one started with a surplus 
of 35 mm film cans and the 
question ‘‘What if . .. ?” I 
might also add that this 
project started with a 
deficiency of thought. The 
meter is a tuning meter 
offered in many hobby 
catalogs and said to have 
“hundreds of uses." Residence 
in a 35 mm film can is not 
one of these uses. If you 
should be so foolish as to buy 
one of these meters you will 
probably find that it has an 
internal shunt resistor which 
will reduce its sensitivity for 
this use. This calls for a little 
creative destruction. Using a 
drill bit held in your hand, 
carefully drill a small hole 



Fig. /. Feet. 


near one end of the resistor. 
Then, using a small instru¬ 
ment (a crochet hook works 
well), carefully break the wire 
going to the resistor. The 
next step is probably to go 
out and buy another meter 
and try again or give up 
right now. In case you were 
lucky and have finally modi¬ 
fied the meter, seal the hole 
with model airplane glue. Cut 
a hole in the bottom of the 
film can to fit the meter (lots 
of luck). The film cans are 
made of plastic and are very 
soft. Start the opening with a 
carefully drilled hole and 
finish it off with a pen knife. 
Have plenty of film cans on 
hand before you start this, 
and run cold water over your 
head after every third try. If 
you have gotten this far you 
will realize that the only way 
to secure the meter in the can 
is to glue it there. Don't glue 
it yet! You still have a good 
deal of teeth gnashing before 
you’re ready to tie things 
down. 


Fig. 2. Antenna. 


The next step involves 
finding a small pot to fit in 
the can. Don’t try to buy a 
new one. They’re very expen¬ 
sive. Take the film can and 
the meter to the nearest 
surplus house and find one 
that will fit without 
pounding. Spend at least an 
hour deciding just where you 
are going to drill the hole for 
the pot. If you have com¬ 
mitted a single sin within the 
past fifty years the hole will 
end up in the wrong place 
and you won’t be able to get 
the meter and the pot in the 
can together. If by some 
miracle you have gotten this 
far, glue the meter and mount 
the pot. 

You will notice that I have 
a vertical antenna on the back 
of the unit. This was, 
perhaps, the easiest part. 
Mount a female phono con¬ 
nector in the cap of the film 
can (it’s easier if you take the 
cap off first). The antenna 
proper is a piece of coal 
hanger wire. Make a small 
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Fig. 3. Circuit diagram. 



right angle bend in the 
bottom of the wire and solder 
it to a male phono connector. 
As most do-it-yourselfers will 
tell you, you cannot solder to 
a steel wire, such as a coat 
hanger, without first invoking 
several deities. In my case I 
scraped the wire clean and 
then used acid core solder 
(horrors!). If you are 
fastidious you can wash the 
acid residue off with soap and 
water. Now beg, borrow or 
steal the teeny-weeniest parts 
you can find to complete the 
circuit. Carefully plan parts 
placement and the order of 
soldering so things will fit 
(how’s that for a cop-out?). 
The only thing yet to con¬ 
struct is the wire feet, which 
were made out of the same 
coat hanger wire (see Fig. 1). 
Do not try to use the film can 
as a bending form for the 
circle of the wire feet. A 
flashlight battery works fine 
for this and is much sturdier 
than the film can. 

This field strength meter 
sits on my desk and is noticed 
and commented on by prac¬ 
tically no one. The only com¬ 
ment it ever got was from a 
female visitor who said she 
thought it was “cute.’’ 

Don’t build this unit. Have 
a cold beer instead. Watch for 
my next project ... an elec¬ 
tronic whoopee cushion. ■ 




Hank Olson V/6GXN 
P O Box 339 
Menlo Park CA 94025 



CW Regenerator/Processor 


— also has TTL output for digital work 


I n an article in 1964, W60I 
described a device called 
the “Paine Killer," which was 
designed to create a clean 
tone output from a relatively 
noisy CW signal from the 
audio output of a communi¬ 
cations receiver.' The circuit 
utilized tubes and a relay, as 
did most such equipment of 
the day. Correspondence with 


the author indicated that he 
had every intention of re¬ 
doing the Paine Killer using 
semiconductors; he may have 
done so, but it never came to 
my attention. My own plans 
to build a more modern ver¬ 
sion of W60l's circuit were 
shelved in the “must get back 
to that some day" category. 

A new application brought 


the whole idea back to life; a 
fellow ham wanted to build 
an automatic Morse code 
printer and needed a device 
to turn the noisy CW output 
of a receiver into TTL “ones" 
and "zeros." This had been 
done before in reference 2 by 
a circuit composed of five 
discrete transistors and 3 
diodes, but the circuit didn't 


allow as much flexibility as I 
desired for experimentation. 
By using op amps and care¬ 
fully separating functions, the 
1C circuit of Fig. 1 evolved. 

Note, in Fig. 1, that in 
each of the three op amps we 
have the option of using vol¬ 
tage gain or not, as we 
choose. The first op amp, 
around which is built the 
“clipper,” is operated at a 
gain of XII. When the peak 
audio input voltage exceeds 
about 0.45 volts, the output 
of U1A (pin 3) is at 7 volts 
peak. Since the inverting 
input of U1A (pin 1) is a 
virtual ground, the output 
voltage is effectively across 
the two inputs of U1 (pins 2 
and 3). Note that only pins 2 
and 3 of U2 are used, because 
this inexpensive op amp is 
being used as a matched pair 
of 7 volt back-to-back zener 
diodes. When the output of 
UIA attempts to exceed 
about 7 volts peak (either 
plus or minus), U2 goes into 
zener breakdown, lowering 
the gain of the amplifier built 
around UIA (by effectively 
putting a resistance in parallel 
with the 10k negative feed¬ 
back resistor), so the clipper 
prevents the output of UIA 
from ever exceeding a (i) 
voltage of roughly 7 volts. 

U1B is the heart of an 




active bandpass filter with 
unity voltage gain, centered 
at 800 Hz, with a Q of 4. The 
design of this active filter is 
beyond the scope of this 
article, but can be found in 
reference 3. The Q being 4, of 
course, means that the filter 
is 800 Hz/4 or 200 Hz wide 
at the -3 dB points, that is, 
where the voltage response is 
down to 0,707 of its maxi¬ 
mum value. 

Around U3 is built an 
injection locked oscillator. 
The oscillator is basically a 
phase shift type, with the 
gain set at a value lower than 
that which will sustain oscilla¬ 
tion. Since the non-inverting 
input (pin 13) is not involved 
in the oscillator feedback 
circuit (except for the re¬ 
quirement of being grounded 
via some finite impedance), it 
may be used as a convenient 
input port for external 
oscillator injection. The trick 
here is to increase the gain of 
the oscillator (adjust the 
500k trimpot) with no audio 
injection, until oscillation is 
sustained; this oscillation 
should be near 800 Hz. Slight 
adjustment of any of the 
three 0.01 uF capacitors in 
the RC feedback network can 
be used to put the oscillator 
“right on.” The oscillator 
gain can then be decreased 


until oscillation stops. An 
800 Hz input signal can then 
be applied, and the injection 
level pot increased until oscil¬ 
lation starts again. The 
oscillation should only persist 
when an 800 Hz signal is 
present at the input. 

The output of the injec¬ 
tion locked oscillator is 
rectified by Dl. The detector 


load time constant of this 
diode detector is approxi¬ 
mately 5 milliseconds, which 
is a short enough time con¬ 
stant to allow reception of 
virtually all Morse code 
speeds. The dc level across 
part of the detector load is 
fed to U4, an LM311 voltage 
comparator. When the dc at 
pin 3 of U4 is more positive 


than that on pin 2, the 
output (pin 7) is “low." Since 
the voltage on pin 2 is set by 
the “voltage trip level" pot at 
(say) 1 volt, a zero dc voltage 
at pin 3 causes the UM311 
output to go "high.” A 10k 
resistor from pin 7 to pin 2 
provides hysteresis and noise 
immunity to the comparator. 
The LM311 is capable of 



Fig. 1. Dl - IN4454 or JN9I4; Ul - National LMI458N or Motorola MCI458P; U2 
National LM709CN or Motorola HEP-C6103P; U3 - National LM74ICN or Motorola 
HEP-C6052P; U4 - National LM3I IN or Motorola MLM3I1P1; U5 - National LM380N. All 
capacitors 50 V mylar except where indicated. 





Fig. 2. U6 - National LM341-5 or Motorola MC7805 or HEP-C61 TOP; U7 - National LM326H 
(with 705 finned dissipator dip-on); BR1 — Motorola MDA920-3 or HEP-R0802 integrated 
bridge; LED - HPS082-4882 (Hewlett-Packard) or Motorola HEP-P2000. 


driving TTL or DTL logic 
directly, if a digital system is 
to follow this unit. In such 
cases, the 5.1 k load resistor 
may be omitted, since only 
current sinking is required 
with these logic ICs. If the 
digitized output is to be used 
to drive a pen recorder or a 
logic family like RTL or 
CMOS, the resistor is re¬ 
quired. 

U5 is a simple audio ampli¬ 
fier to allow the CW signal to 
drive a speaker directly. The 
National LM380N audio 
amplifier 1C used here 
requires fewer peripheral 
components than most such 
ICs, operates on the unregu¬ 
lated + voltage at hand, and 
will drive an 8f2 speaker. The 
input to this audio amplifier 
is selectable from three points 
in the processor circuitry: 


following the clipper; follow¬ 
ing the clipper and bandpass 
filter; or following the 
clipper, bandpass filter, and 
injection locked oscillator. 
Thus, one may listen to as 
much or as little of the pro¬ 
cessing as he desires for each 
particular signal. 

The power supply for the 
CW processor produces +18 
volts unregulated, +12 volts 
regulated, +5 volts regulated 
and -12 volts regulated. The 
±12 volts is provided by a 
special dual regulator 1C by 
National: the LM326H. The 
+5 volt regulated is provided 
by one of the simple three 
terminal regulator ICs now 
widely available from several 
1C suppliers. The basic bridge 
rectifier is one of the inte¬ 
grated types from Motorola, 
for simplicity of construc¬ 


tion. The power indicator is 
an LED type for long life, 
and operates at 10 mA from 
the -18 volt unregulated bus. 

Since the CW processor 
has an input impedance of 
about 1000 Ohms, it can be 
driven by the output of 
nearly any receiver. It is a 
good idea to substitute a 
resistor of the nominal 
speaker impedance of the re¬ 
ceiver, and then connect the 
processor across that resistor. 
For 4, 8, and 16J2 speakers, 
the additional 10000 will 
cause no appreciable mis¬ 
match. For a receiver with a 
600S2 output impedance (like 
the R390A), a resistance of 
1,500fi would be used, so 
that the parallel combination 
comes out 600S2 . 

In operation, when one is 
in the "clipped" position, the 


audio should sound pretty 
much as it would from the 
receiver by itself. The only 
difference should be that 
large impulsive noises are 
limited. The roar and grind of 
received background noise 
will be just as fatiguing as 
ever, however. In the 
"clipped and filtered" posi¬ 
tion, a CW signal (properly 
tuned to an 800 Hz beat) will 
take on a “soft" sound, and 
the grinding background 
noise will be considerably 
decreased. Finally, in the 
“processed" position, a CW 
signal (properly tuned to 800 
Hz) will appear to "pop in 
and out” with slightly off- 
frequency heterodyne signals 
in the background at a con¬ 
siderably reduced level. If the 
oscillator gain control is set 
too close to the verge of 
self-oscillation, incoming 
noise will give an oscillator 
output that sounds much like 
a narrow crystal filter 
"ringing" with noise input. 
Too high an injection level 
will cause the background 
off-frequency signals to be 
objectionably high. The user 
must make the final Com¬ 
promise in setting these con¬ 
trols on a subjective basis. ■ 
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Dependable Timer 

-- for darkroom, repeater, etc. 

T his article describes a 60 enlarger timer or general reliable, and requires no have been published on 

Hz, line frequency based purpose timer where alignment or adjustment. It is simple interval timers, the 

precision interval timer de- accurate, consistent time accurate to ± 1 /60th of a majority of these timers have 

signed for use as a repeater cycles are required. It is second. major drawbacks of one type 

timer, a photographic programmable by switches, is While numerous articles or another. Timers using the 

555 chip are subject to false 
triggering in a lot of cases. 
UJT timers such as those I 
described in my article 
“Simple Repeater Control 
Timers” 1 are temperature 
sensitive and will suffer a 
change in time interval as the 
temperature varies. This is 
especially annoying for 
repeater timers where the 
“three minute time” interval 
gets shorter and shorter as the 
temperature gets colder. In 
addition to these drawbacks, 
any timer which uses an RC 
network as the time 
determining network will 
suffer from problems when 
long time intervals are 
required, since the RC 
network becomes a high 
impedance network in this 
instance. Internal resistance 
in capacitors and high 
resistance flux shorts will 



Fig. 1. Basic timer circuit. 










Fig. 3. 60 Hz dock. 



Fig. 2. Switch wiring. 



create havoc with these high 
impedance circuits. 
Furthermore, in cases such as 
an enlarger timer where it is 
necessary to select different 
time intervals, problems arise 
with selection of precision 
timing capacitors and 
resistors, or problems arise in 
that each timing range must 
be adjusted. 

The primary disadvantage 
of the circuit described in this 
article is that it is time 
consuming to wire up 8 
integrated circuits. The 
advantages, however, are 
numerous. This timer does 
not suffer from any of the 
problems previously 
mentioned. It will maintain 
its accuracy over a 
temperature range of 0°C to 
70°C and will operate over a 
range of -55°C to +125°C 
merely by using the next 
better grade of 1C (military 
grade). It takes no special 
skill to build and requires no 
special equipment to align. In 
spite of the fact that the basic 
circuit uses 8 ICs, the timer is 
not expensive to build. The 
cost of the 8 ICs is $7.50; the 
two good quality switches 
will run about $9.00. If you 
have a good junque box, 
there should be little 
additional expense. 

Theory of Operation 

This precision interval 
timer is not a complex device. 
It is merely a counter that 
counts pulses in either one 
second or 1/10 second 
intervals. A pair of switches is 
used to set the desired 
number of pulses to be 
counted. When the counter 


Fig. 4. Relay driver. 


has counted the number of 
pulses set on the switches, the 
counter stops. The eight 
integrated circuits perform all 
functions needed to do the 
counting and to determine if 
the desired count is reached. 
The 60 Hz power line 
through a 24 V ac 
transformer and associated 
circuitry is used as the 
"clock," a source of pulses 
occurring at a 60 Hz rate 
(Fig. 3). The 60 Hz line 
frequency is accurate when 
obtained from commercial 
power lines. You can prove 
this to yourself by 
determining the amount of 
error in an electric 
synchronous clock over a 
month’s time. The percentage 
of error is a small fraction of 
a percent. A dropping 
resistor, a zener diode and a 
voltage divider network are 


used to provide the required 
4 volt pulses. 

The 60 Hz pulses as they 
come from the clock are 
divided by 6 in IC1 (Fig. 1), 
producing a train of pulses 
occurring at 1/10 second 
intervals. For time intervals 
of short duration, these 1/10 
second pulses are counted 
directly. A 7490 decade 
counter (IC2) is used to 
divide by 10 to give a stream 
of pulses occurring at 1 
second intervals. This 7490 is 
switched in or out of the 
circuit by a series of gates in 
IC3, a 7400, depending on 
the setting of switch S2. If S2 
is closed, counting will be by 
1 second intervals. If S2 is 


open, counting will be by 
1/10 second intervals. 

The count is started by 
momentarily pressing the 
start button, SI. This “sets" 
the set-reset flip flop made 
from gates of IC3A, a 7400. 
At this point, all counters are 
reset and ready to count, and 
the relay is turned on. IC4, a 
7490, is used to count by 
ones and deliver a BCD 
output to the 7445 decoder, 
ICS. The tens output of IC4 
goes to the input of IC6, for a 
count by tens. IC7 decodes 
the BCD output from IC6. 
The outputs of the 7445 BCD 
to decimal decoder will sink 
current or go low when the 
proper count is reached. If 
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Fig. 5. Power supply. Notes: 1. Use either four 1A 60 piv diodes or an inexpensive diode bridge 
unit. 2. Using fixed instead of variable resistance, RJ should be 6.15k 1% and R2 should be 
2.97k 1%. Using circuit shown, adjust for 5 V dc out. 3. Use four 2.7 Ohm 'A W resistors in 
parallel. 



Fig. 6. Increasing time interval by factor of ten. 




you were to connect a low 
current lamp from +5 V to 
the “9” output on one of the 
7445s, the lamp would light 
whenever a count of nine 
were reached. A series of 
gates is used to logically 
"AND” the switch selected 
outputs of the two decoders 
together to produce a stop 
pulse. When a stop pulse 
occurs, the set-reset flip flop 
in IC3A is reset, turning off 
the relay and turning off and 
resetting all counters. 

The basic circuit as shown 
in Fig. 1 can be used in any 
environment where manual 
operation may be used. I used 
my timer as a high quality 
photographic enlarger timer. I 
merely plugged the enlarger 
into the 117 V circuit 
switched by the relay. 

In any case where 
automatic start or automatic 
reset is required, the two 
connections X and Y should 
be used. Grounding point X 
will start the circuit and 
grounding point Y will reset 
the circuit before the timing 
interval is complete. 

In order to use the circuit 
as a repeater timer, some 
minor additional circuitry is 
required. The circuit in Fig 
8 is connected between the 
COR and points X and Y. 
The contacts of the relay are 
connected to the push to talk 
circuit. This simple circuit in 
Fig. 8 delivers a fast pulse to 
the start circuit when the 
COR contacts are closed. 
When the COR contacts are 
open the stop line is 
grounded, resetting the timer 


and turning the relay off. In 
operation, the switches are 
set to the “time-out” time 
desired. If the input signal 
remains on for too long, the 
time interval will be passed, a 
stop pulse will be generated 
and the relay will open up. 

Note that the basic timer 
will time to 99 seconds, an 
interval which should be long 
enough for most applications 
including a repeater time-out 
timer. In the event that a 
longer time interval is 
required, the time interval 
may be lengthened by a 
factor of ten by inserting an 
additional 7490 integrated 
circuit into the circuit at 
point “Z” as shown in Fig. 6. 
If you wish to program this 
timer to three significant 
digits, rather than the two 
provided, then use the circuit 
in Fig. 7 instead, to add on 
one more switch and an 
additional power of ten. Note 
that only one additional 7490 
may be added into the circuit 
using Figs. 6 or 7 without 
increasing the driving 
capability of the set-reset flip 
flop in IC3A. 

The power supply is not a 
critical item. Feel free to use 
other circuits such as circuits 
using simple three terminal 
regulators. The eight ICs and 
the relay draw only 250 to 
300 mA, so a fancy supply is 
not required. The circuit used 
is the one recommended by 
Signetics. 2 

Construction 

Most builders have a 
tendency to cram too much 
into too small a space. For 
that reason I used a big 
16x6x3'/2 inch minibox. If 
you use what is available 
from the junque box, you 
will probably need all the 
room available. 

In my unit, I mounted the 
power supply, the relay, the 
relay driver and the 
components for the 60 Hz 
clock on the bottom of the 
chassis. I then used a piece of 
1C breadboard to mount the 
ICs on, and then mounted the 
PC board and the switches on 














Anthony R. Curtis K3RXK 
246 Woodland Drive 
State College PA 16801 

What’s Upon 156 MHz? 

— meet the marine world above 2m 


T he tide was out and the 
digital depth sounder 
buzzed an under-seven-feet 
warning in the cabin of the 
sloop Freelance as I cranked 
over and warmed up the 
diesel. Overhead, beside the 
companionway from the 
cockpit, the marine VHF FM 
rig chattered with Saturday 
morning pilots looking for 
signal reports. 

I pushed in a button 
marked WX-2 on the trans¬ 
ceiver and a continuous 
weather broadcast from 
Washington told me it would 
be a sunny September day 
with a peppy 12 nautical- 
mi I es-p e r-hour breeze. 
Depressing a red priority 
button on the Hy-Seas 55 
marine rig brought its receiver 
back to channel 16, the emer¬ 
gency and general calling fre¬ 
quency monitored by all 
boats on the Bay. A quick 
cracking of the squelch veri¬ 
fied the transceiver was re¬ 
ceiving. 

The depth sounder trans¬ 
ponder, mounted in a hole 
through the hull under the 
bow of the single-masted sail¬ 
boat, triggered a buzzer in the 
cabin as small waves got 
behind the seawall of the 
marina and rocked the boat. 
Whenever the transponder- 
to-bottom distance was less 
then seven feet, the in-cabin 
buzzer sounded. 

Climbing the companion- 
way stairs out of the cabin 
into the cockpit, I stationed 
myself behind the pilot wheel 
and slipped the diesel into 
reverse. The 31-foot fiberglass 


sloop chugged backwards out 
of slip 91. Clear of the moor¬ 
ings, I put the helm hard over 
and powered forward into 
open water of Annapolis 
harbor. 

I glanced at my chart of 
the harbor waters and com¬ 
pared depths marked on that 
map with sounding depths 
being read out on a digital 
display in the cockpit. Motor¬ 
ing ahead to a point off the 
Severn River, I turned to star¬ 
board, facing the giant naval 
radio towers on Greenbury 
Point and the wide harbor 
mouth opening into Chesa¬ 
peake Bay. 

I leaned back down the 
companionway into the cabin 
and killed the diesel. Reach¬ 
ing up, I listened again to 
WX-2 on the marine radio for 
a prediction of wind speed 
and direction. The broadcast 
outlook appeared to compare 
correctly with indications of 
my red yarn wind telltales 
tied halfway up the mainmast 
shrouds. I punched the radio 
back to channel 16. The 
Yaesu FT-101-B HF trans¬ 
ceiver was lashed to the navi¬ 
gating table in the cabin and 
my Wilson two meter hand¬ 
held was strapped to the 
cabin bulkhead in arm's reach 
of the cockpit hatch. 

With WN3AIQ maintaining 
the helm in the direction of 
the Bay, I went on deck to 
free the mainsail and run it 
up smartly. I winched the jib 
sheet to a moderate tension 
on the sail as we moved on 
the wind. The 5/8 wavelength 
VHF gain antenna 40 feet 


above on the masthead bent 
slightly toward the stern in 
the wind. 

Parked in the Bay ahead 
were three huge freighters 
and a tanker, bound for Balti¬ 
more harbor. WN3AIQ 
turned up the volume on the 
marine rig and switched to 
commercial channels to see 
what the sailors from foreign 
lands were talking about (see 
Table 1 for uses made of 
different VHF FM marine 
radio channels). 

A Greek freighter had sent 
a dozen crew members into 
Annapolis on shore leave. 
They were returning in a large 
orange dinghy. One was 
talking with the bridge of his 
ship, using a handie-talkie like 
the two meter HTs. We sailed 
straight out into the Bay 
toward Kent Island to inspect 
the Greek reboarding opera¬ 
tion. 

Circling the freighter, not 
an easy task under full sail, 
we headed south toward the 
Thomas Point Lighthouse. 
The tide was still going out so 
we moved down the Bay at 
what we calculated was a 
rapid seven knots. That’s 
when eavesdropping on the 
marine channels got exciting. 

The freighters were behind 
us, and we felt guilty about 
not monitoring channel 16 so 
we switched back to that 
frequency (see Table 2 for 
VHF FM marine radio chan¬ 
nel numbers and their corres¬ 
ponding frequencies). 

Almost immediately we 
heard, "Coast Guard 
Annapolis. Coast Guard 


Annapolis. This is Sea 
Scraper. The yacht Sea 
Scraper. Whiskey Zulu 
Yankee Four Nine Six 
Seven.” 

The quick response was, 
“The yacht calling. This is 
Annapolis Coast Guard.” 

“Coast Guard. We’re 
aground on shoal near 
Thomas Point Light,” Sea 
Scraper came back. 
WZY-4967 was his FCC- 
assigned VHF FM marine 
radio call letters. 

“Can you go to channel 
22?” the Coast Guard radio 
officer asked. 

“Yes, we can. This is Sea 
Scraper going to channel 22,” 
the yacht skipper replied be¬ 
fore QSYing to the Coast 
Guard channel. 

The Coast Guard radioman 
said on channel 16, “ Bay 
Chaser. Coast Guard Aux¬ 
iliary Vessel, Bay Chaser. This 
is Coast Guard Annapolis. 
Come in.” 

Three long-time Bay 
sailors, volunteers in the Aux¬ 
iliary, had been cruising in 
their power boat in the Bay 
off South River. “Go ahead 
Annapolis. This is Bay 
Chaser. ” 

The Coast Guard asked if 
Bay Chaser would QSY to 
channel 22 to establish com¬ 
munications and help out in 
the Sea Scraper emergency. 
Bay Chaser left channel 16. 
WN3AIQ switched our 
55-channel marine rig to 
channel 22 to listen in. 

Rendezvousing on channel 
22, the Coast Guard ex¬ 
plained the problem to Bay 
Chaser. Sea Scraper had ven- 




tured into shoal waters of 
about three-foot depth while 
attempting to get up close to 
photograph the picturesque 
old Thomas Point Light¬ 
house. Sea Scraper had 
plowed so far into soft mud 
on the bottom of the Bay she 
was stuck. The captain had 


tried to power backwards out 
of the hangup but couldn’t 
budge the craft. 

Bay Chaser established 
direct communications with 
Sea Scraper on channel 22 
while the Coast Guard stood 
by. Coast Guard also kept 
one-ear cocked toward chan¬ 


nel 16 in case other emer¬ 
gencies came along. 

"Bay Chaser. This is Sea 
Scraper. We may have 
damaged our hull. We’re 
taking on some water in the 
engine room.” The Auxiliary 
tried to speak soothingly to 
those listening aboard Sea 


Scraper while maneuvering in 
close enough to toss over a 

WN3AIQ went forward, 
leaning out into the pulpit for 
a better view. We sailed 
silently nearer the action 
scene, without coming close 
enough to interfere. Mean- 









while, we heard all that was 
going on via radio. 

The Auxiliary, with a shal¬ 
lower draft, motored close 
enough to Sea Scraper to 
throw a line. We could see a 
woman and two children on 
the Scraper. The skipper 
grabbed the three-quarter- 
inch rope as it slapped his 
deck. He quickly tied off the 
line to a stern mooring cleat. 
The Auxiliary turned stern 
toward the Scraper and very 
slowly drew the line taut. 
Forward power in the Bay 
Chaser brought the Scraper 
out of the mud and back into 
six feet of water where she 
floated free. 

“Stand by. We’ll come 
aboard to check that water in 
your engine compartment,” 
Bay Chaser radioed to 
Scraper. The Auxiliary pulled 
alongside Scraper and they 
rafted together with lines 
cleated fore and aft on each 
boat. One of the men on the 
Coast Guard Auxiliary went 
over the lifelines onto 
Scraper's deck, and then 
below to look at the possible 
leak. Pretty soon we heard 
this on channel 22: 

"Bay Chaser. This is Sea 
Scraper. Joe, this is Fred. 
There must have been a rock 
outcropping in that bottom 
mud. He has a very small dent 
where the hull seems to have 
been crunched in by passing 
over something hard. There's 
a tiny crack letting water seep 
in." 

The reply was, "OK, Fred. 
You stay on board. We’ll take 
them in tow to South River 
Marina. They can get things 
checked out there." 

With that, things got 
routine even though the chan¬ 
nel 22 communications con¬ 
tinued for some time. The 
Auxiliary untied from the 
Scraper and hooked a line 
from its stern to the bow of 
Scraper. Bay Chaser began 
pulling Sea Scraper toward 
the nearest boatyard where 
damage could be surveyed 
and repairs made. Radio con¬ 
tact was maintained with an 
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occasional transmission from 
loeto Fred. 

With WN3AIQ at the 
helm, I reached into the cabin 
and changed the radio back 
to WX-2, The special forecast 
for Chesapeake Bay was on. 
The day would continue to 
be pleasant; the evening 
would be fine. I checked 
WX-1 and found a different 
government station trans¬ 
mitting. It also was full 
quieting in the receiver. When 
sailing in the Annapolis area, 
I usually pay attention to 
WX-2, but WX-1 could be 
used. Their forecasts overlap. 
One or the other of the two 
weather frequencies hold 
loud and clear signals 
wherever you are on the Bay. 

Back on channel 16, the 
communications were only 
those which could be justified 
as necessary. Occasionally, a 
skipper would pop up on 
frequency asking for a “radio 
check." Somebody would 
come back, "You’re loud and 
clear.” Both boats would 


identify by boat name and 
FCC call letters. Radio checks 
are in the gray area of legality 
and are not encouraged by 
the Coast Guard. But, some¬ 
times a skipper gets edgy 
about who would be able to 
hear him in an emergency. He 
asks for a fast radio check 
and usually gets it. 

Communications heard 
regularly on channel 16 might 
include pleasure boats hailing 
each other by boat name and 
radio call letters; pleasure 
boats calling the Coast Guard 
or being called by the Coast 
Guard; Coast Guard and 
marine police calling each 
other and their auxiliaries; 
freighters, tankers, fishing 
boats and other commercials 
hailing other ships, ports, 
marine police or the Coast 
Guard; or telephone oper¬ 
ators paging both pleasure 
boats and commercial ships 
for which telephone calls are 
waiting. 

All of this calling is done 
with radio operators careful 


to identify fully by boat 
name and call. As soon as 
communications are estab¬ 
lished, both parties leave 
channel 16 for a channel 
specifically authorized for 
their QSO. For instance, 
work boats might go off onto 
channel 67. Fishing vessels 
might QSY to channel 88A. 
A pleasure boater might leave 
channel 16 for channel 9 
after getting in contact with 
his marina or yacht club. The 
telephone operators ask you 
to call them back on specific 
channels between 24-28 and 
84-87. 

By the way, as with all 
radio communications except 
broadcasting and ham trans¬ 
missions, you can listen all 
you want but you cannot 
repeat legally what you 
heard. And you can not use 
information heard on the air 
for your own personal gain. If 
you hear a boat being paged 
on channel 16 by your local 
marine telephone operator 
and you QSY to a channel to 


hear the conversation 
between boat and shore, 
don't tell anybody what you 
heard. And don't make any 
use of the information con¬ 
tained in the telephone call. 
The Sea Scraper emergency 
reported here is composed of 
parts of many I have heard on 
the Bay. 

With the excitement over 
for the moment after the 
rescue of Sea Scraper, we left 
the marine rig monitoring 16. 
Unstrapping the Wilson, we 
keyed up the Jessup MD 
.16/.76 repeater from atop 
100 feet of water in the 
middle of the Bay. A quick 
QRZed on .S2/.S2 raised 
Charlie WA3RPU, piloting his 
giant motor-freighter near the 
Sandy Point Light en route to 
Norfolk. But using HF and 
VHF ham gear maritime 
mobile is a story for another 
time. Next time you're 
boating on the Chesapeake, 
call Freelance WYN-2260 on 
channel 16. We could QSY to 
.S2/.52 for a quick QSO. ■ 
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1204 Dooley Dr, 

Charlotte NC 28212 






Fig. J. Crystal oscillator, 13 stage binary divider. 


Oops! 

There Goes 
the Power 

-- keeping digital 
clocks going anyway 


D igital clocks have long 
held a fascination for 
me, and judging from the 
number of articles in elec¬ 
tronics publications, they also 
hold a high attraction for 
many other people. I've gone 
through all the stages from a 
complete discrete (?) inte¬ 
grated circuit clock with 
minitron readouts to the 
latest MOS clock chips with 
LED readouts. As a result, I 
have learned a few lessons 
which should be of interest to 
other "clock fanatics." 

One of the most frustrat¬ 
ing problems with any ac 
powered digital clock is its 
volatile memory - that is, 
when the power fails for even 
an instant, the memory of the 
displayed time is destroyed, 


and when power is restored, 
the clock will not display the 
correct time. With some MOS 
chips, the clock will reset to 
12:00:00 or 00:00:00, while 
with others any time may be 
displayed, even impossible 
times such as 28:42:00. 
Several methods of pre¬ 
venting this situation are 
available: (1) Use a crystal 
oscillator timebase and 
battery power; (2) Use the ac 
line for timebase and primary 
power with battery power to 
prevent memory dump when 
the ac power fails; and (3) 
Use the ac line with capacitor 
backup as a power source 
when the ac power fails for 
momentary retention of 
clock memory. Obviously, (1) 
is the most desirable setup 
since the clock can then be 


used in a car, boat or any 
portable requirement. It is 
the least desirable from the 
standpoint of cost and 
complexity. A partial diagram 
of such an arrangement using 
the 53XX series of clock 
chips is shown in Fig. 1. (2) is 
a relatively uncomplicated 
arrangement which prevents 
loss of memory and, 
depending upon the length of 
time that the ac power is off, 
will provide good service. The 
clock is not triggered during 
the time the power is off and 
will show a loss of time when 
the power returns. Also, 
during the power off time, 
the display will not be 
illuminated. Since the 
displays draw the majority of 
power, only the clock chip is 
battery powered during the 
ac power failure. Fig. 2 shows 
a partial diagram of the 
battery powered 
arrangement. Either dry 
batteries or rechargeable 
batteries can be used and are 
depicted in Figs. 2(a) and 
2(b) respectively. In effect, 
the battery "floats" across the 


rectified ac power source and 
is switched on by diode D1 
upon failure of the ac power. 
Note also the use of diode D2 
which isolates the display 
power from the battery. If 
this diode is not installed, the 
battery will be quickly 
discharged by the display 
current drain. In Fig. 2(b), a 
method is shown which will 
keep the rechargeable nicad 
battery on trickle-charge 
from the ac power source. 
Solution (3) is one of the best 
solutions to the problem that 
I’ve found. Most power 
failures are of a momentary 
nature (less than 2-3 
seconds) in areas where I’ve 
lived, and these are the most 
frustrating for clock owners. 
In some cases, the failure is 
not even noticed, yet the 
clock’s memory is destroyed 
and the clock must be reset. 
To overcome this problem, I 
now use the circuit in Fig. 3. 
Notice that the only addition 
to the standard clock circuit 
is one diode. This diode acts 
as a switch. During normal ac 
operation, the switch is 
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Fig. 2(a). Dry battery memory backup. 




Fig. 2(b). Trickle charger battery backup. 






closed and power flows from capacitor, approximately 5 

the bridge rectifier to the seconds will pass before 

display directly, and through memory destruction occurs, 
the diode to the filter This is by far the least 

capacitor and the dock chip. complex and least expensive 

Upon power failure, the method of improving the 

diode switch is reverse biased reliability of digital clocks, 

by voltage stored in the filter One other tidbit of 
capacitor and the display is information concerns the 
not illuminated. However, 50252 clock chip sold by 

power from the capacitor Radio Shack and other 

flows continuously into the dealers. This chip requires 

clock chip for several seconds that you depress both the 

and the memory is retained, tens-of-minutes and hours 

Since the MOS chips draw time set switches to advance 

only about 8 mA and will the minutes display. This is 

operate down to about 7 to 8 somewhat cumbersome and 

volts, the capacitor can more times than not I 

supply power for several advanced the tens-of-minutes 

seconds. By using a 14 volt digit or the hours digit 

supply and a 3,000 uF because the switches were not 



Fig. 3. Capacitor backup for short-term memory protection. 



Fig. 4. Setting circuit for 50252 chips. 

depressed simultaneously, somewhat of a dis- 
The solution involves a third appointment to me. I'm 
switch and two diodes unable to figure out why the 
(1N4148s or similar) and is chip functions like this since 
shown in Fig. 4. The added the alarm feature always 
switch now advances only the operates in the 24 hour mode 
minutes display with no regardless of the input power 
worry of accidentally line frequency (50 or 60 Hz); 
advancing any of the other however, the display will only 
displays. This particular clock operate in the 24 hour mode 
chip has several desirable when the input is 50 Hz. 
features such as 24 hour Since many of the MOS 
alarm, 10 minute snooze clock chips are now in the $5 
alarm and a built-in tone range, uses other than just a 
generator for the alarm, timekeeper should be ex- 
However, it does have one plored: frequency division for 
disadvantage which is not counters or synthesizers, 
immediately obvious — it portable timers for sporting 
cannot be operated in the 24 events, etc. It appears there 
hour mode on 60 Hz power, are many possibilities and if 
This feature is a matter of you have some ideas, I’d like 
individual preference and was to hear from you. * 
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I n November, I attended 
the ARRL New England 
Division Convention in Hart¬ 
ford and took along my 
Wilson 1402SM two meter 
FM hand-held transceiver. I 
wore it on my belt and with 
its miniature touchtone pad, 
it attracted the attention of 
many hams. 

A number of hams even 
stopped and asked questions 
about the rig and some 


wanted to have a closer look. 
When I gave them a closer 
look, they were further 
impressed by the addition of 
a belt clip on the back of the 
transceiver. 

There was a lot of interest 
in my modified Wilson; at 
one point, there were a half 
dozen hams surrounding me 
on the convention floor 
asking questions (I felt I was 
conducting an unscheduled 


TT Pad for the 
Wilson HT 

- and a belt clip mod, too 


technical forum!). And, there 
are a lot of Wilson owners, so 
I thought I'd write a how-to 
article for these hams and all 
hand-held transceiver owners, 
since the modifications I 
made on my transceiver are 
applicable to most of the 
other hand-held rigs available 
today. 

After I purchased my 
Wilson, there were two things 
I wanted to add — a touch- 
tone encoder and some kind 
of clip that would permit me 
to attach and detach the 
Wilson from my belt or 
pocket quickly. The Wilson 
does have an accessory 
leather case with a belt notch 
permitting it to be attached 
to your belt; the problem 
with this is you must un¬ 
buckle and remove your belt 
each time you wish to use the 
transceiver and this does not 
promote swift communica¬ 
tions. Also, I like to throw 
my Wilson in its nicad charger 
whenever I'm not using it . .. 
but this isn't easy to do 
because you must remove the 
leather case before the rig will 
fit in the charger. For these 
reasons, I filed my leather 
case in the bottom of a desk 
drawer and looked for a 
better way. 

I noticed that many 


Motorola FITs have just the 
kind of clip that I was look¬ 
ing for, and after doing a 
little inquiring, I found that 
the clips were available separ¬ 
ately from Motorola. 1 I pur¬ 
chased one to try out on my 
Wilson. To attach the clip to 
the rig, you have to take the 
transceiver’s plastic case 
apart. First, slide out the 
battery pack and remove the 
four screws on the back and 
bottom of the unit. The front 
of the case will then snap off, 
hanging by a couple of wires. 
Now, remove the five screws 
holding the PC board to the 
back of the case; these screws 
are located at the corners and 
center of the board and when 
they are removed, the back of 
the case snaps off completely 
from the rest of the unit. 

The belt clip has two holes 
in it for mounting and two 
2-56 x 'A" round head 
machine screws will do the 
job. Using the clip, you can 
make a template and be able 
to mark the spots on the case 
where you will have to drill. 
Be sure these spots arc 
centered on the upper quarter 
of the case. 

Use a hand drill and not 
too much pressure or you 
might crack the plastic case. 
After the holes have been 




made, take a small screw¬ 
driver and jam it into the belt 
clip’s spring in order to keep 
the spring open. This permits 
the clip to be mounted 
parallel to the back of the 
case. Now, mount the clip 
with the two screws; nuts and 
lockwashers are unnecessary 
as the clip itself will lock the 
screws in place. If the mount¬ 
ing is done properly, the 
heads of the screws won’t be 
in contact with the PC board; 
however, if it makes you feel 
more secure, cover the screws 
with a piece of electrical tape. 

Now you can reassemble 
the case and the job is com¬ 
plete. If you wish, you can 
spray a couple of coats of 
paint on the clip to match the 
color of your rig ... 
“wrought iron black” did the 
trick with the Wilson. 

When I was looking for a 
touchtone encoder for my 
Wilson, I heard about the new 
Motorola MCI 4410 1C for 
touchtone application, and at 
the same time, Data Signal, 


Inc. 2 began advertising their 
touchtone encoder kits which 
implemented the Motorola 
chip. For only $24.50 you 
get the chip, PC board, 1 
MHz crystal, the keyboard of 
your choice and all of the 
other necessary components. 
I ordered the small 12-digit 
keyboard because the larger 
board mounted on the Wilson 
would not fit in the nicad 
charger. 

After receiving the “kit,” a 
few wires remained to be 
soldered and the keyboard 
had to be mounted on the 
front of the Wilson. I made a 
template by tracing the key¬ 
board’s mounting posts and 
pins on paper. After removing 
the battery pack and front of 
the case, using the template, I 
marked the spots to be 
drilled. The template should 
be positioned as close as 
possible to the speaker, so 
that when the keyboard is 
mounted, it will be clear of 
the nicad charger. 

After drilling and filing the 


necessary holes — four for the 
corner mounting posts and 
two for the two rows of pins 
— bring the wires from the PC 
board through the holes 
making sure that the wires to 
be soldered to the right row 
of pins are brought through 
the right hole and the wires 
to be soldered to the left row 
are brought through the left 
hole. Solder the wires close to 
the plastic base of the proper 
pins and clip off the excess 
pins; this will provide suffi¬ 
cient clearance for the nicad 
battery pack. 

Carefully mount the key¬ 
board onto the front of the 
case and use a soldering iron 
to melt the mounting posts to 
the inside of the case. The 
keyboard will be stably 
mounted. 

Now solder the ground 
wire to the negative battery 
terminal and the plus 12 volt 
wire to the VR3 volume/on- 
off control. If you are using a 
12-digit keyboard, there will 
be one wire left that is used 


for the 16-digit board; this 
wire can simply be cut off. 

After the wiring is com¬ 
pleted, wrap the PC board 
and crystal with electrical 
tape and fit it snugly between 
the crystal switch and front 
of the case. The board will 
remain in this position; how¬ 
ever, you may want to secure 
it with additional tape. 

Any excess wire should be 
pulled up and taped near the 
speaker so that the wires 
running parallel to the 
battery pack will lie flat on 
the case. In addition, this 
parallel-running wire should 
be taped down onto the case. 
Now, reassemble the case, 
slide in the battery pack and 
you’ll be on the air with your 
belt-clipped TT’d HT. ■ 


1 Part Number 42-82839 JOI 
available from Motorola, 85 
Harristown Rd.. Glen Rock NJ 
07452, (201) 447-4000 .. S4.50 
will cover the cost of theclipand 
shipping. 

2 2212 Palmyra Rd„ Albany GA 
31701, (912) 435-1764. 


Best for beginners... preferred by pro's! 

NYE VIKING SPEED-X 

Model 114-310-003 

$8.25 

One of 8 models, 
all sure-handed ... 
smooth operating 
... priced from 
$6.65. 



NYE VIKING SUPER SQUEEZE KEY 

Fast, comfortable, easy... and fun! 



Model SSK-1 (shown) 

$23.95 

Model SSK-3 (has 
sub-base to hold 
any SPEED-X Key). 

$26.95 


Whether you're a "brass pounder" or a "side swiper" 
insist on the sure, smooth feel, and the long-lasting 
quality that is built into every NYE VIKING KEY. 

Prices subject to change. 

Available at leading dealers around the world or 
write for a descriptive catalog. 

WM. NYE COMPANY, INC. 

1614 - 130th Ave. N.E., Bellevue, WA 98005 



We’re Fighting Inflation 
No Price Rise for 76, 


FOR FREQUENCY STABILITY 

Depend on JAN Crystals. Our large stock of quartz 
crystal materials and components assures Fast 
Delivery f rom u si ^ 

,*o "CRYSTALS FOR Atom, 

CRYSTAL SPECIALS 


Frequency Standards 

100 KH Z (HC 13/U).$4.50 

1000 KH Z (HC 6/U). 4.50 

Almost all CB sets. TR or Rec .$2.50 

(CB Synthesizer Crystal on request) 

Amateur Band in FT-243 .ea. $1.50 

.4/$5.00 


80-Meter .$3.00 (160-meter not avail.) 


For 1st class mail, add 20* per crystal. For Airmail, 
add 25'. Send check or money order. No dealers, 



Div. of Bob Wban & Son Bectronlcs, Inc. 
2400 Crystal Dr., Ft. Myocs, Fla. 33801 
AM Phones; (813) 836-2387 / 

Sand 10 c for naw catalog 
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T he home computer 
hobbyist is frequently 
lured by advertisements for 
surplus power supplies and 
power supply kits of all 
kinds. These offerings range 
from excellent buys of 
surplus name-brand units, to 
units, both kit and assembled, 
of unknown pedigree. 

Performance specifications 
of these units sometimes are 
not fully stated in the adver¬ 
tising, but name-brand units 
can sometimes be researched 
in the manufacturer’s litera¬ 
ture. The "orphans” can 
literally be almost anything, 
and some surplus dealers are, 
at best, only brokers. These 
dealers may not have the 
necessary equipment, time or 
interest to characterize 
surplus units they buy. Power 
supply kits may or may not 
have been carefully designed. 

Where does this leave the 
computer hobbyist? Except 
for his purchase of name¬ 
brand units, he can be on a 
very shaky limb. Problems 
which might hit him can be 
one of three: complete 
failure, regulation failure, or 
the units may generate ran¬ 
dom and potentially harmful 
transients. 

A complete failure is a 
nuisance at best and could be 
a costly disaster. The CPU 
can simply be shut down 
when the power supply quits, 
and few uP systems have 
power-fail programming to 
save the run. Here are two 
possible disaster scenarios: A 
series pass transistor shorts 
and dumps raw dc into the uP 
systems, destroying all or 
most of the parts. Or, some 
critical power supply part 
fails, starts a fire, and 
destroys the house. Although 
the latter is unlikely, even 
commercial computers have 
been known to catch fire. 


Regulation failures can be 
explained as a condition 
where the regulator circuitry 
ceases to operate in its linear 
region, usually because the 
input voltage to the series 
pass element gets too low. 
Another problem can be 
thermal runaway if the unit 
has not been properly 
designed for continuous oper¬ 
ation. A properly designed 
supply will protect itself and 
the load in case of shorts on 
the output. 

The symptoms of regu¬ 
lator failure are low and un¬ 
steady output voltage, usually 
with high ripple feedthrough. 
The effect on the CPU 
depends upon which logic 
family is used in the system. 
CMOS will be least affected, 
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Fig. 1. 


followed by MOS up and 
support chips, and then TTL 
will be most affected. This 
non-linear regulator will also 
have higher than normal 
output impedance, which 
leads to coupling between 
fast logic elements. The uP 
system may drop an occa¬ 
sional bit, or become com¬ 
pletely confused and lock up. 
Either way, the CPU is out of 
business. 

Transients on the output 
come from the power line or 
are generated by an 
improperly designed power 
supply. Power line transients 
can usually be stopped by 
transient limiters on the 
power supply input, and 


Ralph Tenny 
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Richardson TX 75080 


Power Supply 
Testing 

— to save your 
digital circuits 
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Fig. 2. 








output spikes generated by 
the power supply can be 
caught by crowbar circuitry. 
But, if the crossbar has to 
fire, the CPU will still be shut 
down in mid-stride. Properly 
designed power supplies will 
not generate spikes under any 
condition of turn-on or turn¬ 
off. Of course, we all know 
that big spikes will kill any 
1C; we need to remember that 
small ones may cause 
improper system startup. Few 
home brew systems are 
designed and programmed for 
standby operation, but main 
supply shut-down spikes 
could also bollix the remain¬ 
ing active circuits. 

Fortunately, power 
supplies can be screened for 
most of these possible 
defects, using relatively 
simple equipment. When 
investments of the magnitude 
required to own a home 
processor are concerned, it 
pays to screen all power 
supplies not furnished by the 
system manufacturer. If any 
home system manufacturer 
should be guilty of supplying 
inadequate power supplies, it 
is likely that the "computer 
grapevine” will get the word 
out promptly unless he 
corrects the problem. For 
those hobbyists who design 
their own units, remember 
that solid state power design 
is tricky, and even ex¬ 


perienced designers test their 
prototypes thoroughly. 

A modest amount of test 
equipment and two easily 
built gizmos will enable very 
extensive qualitative power 
supply testing accurate 
enough to assure the hobbyist 
of adequate and reliable per¬ 
formance from power 
supplies he uses. Quantitative 
testing, required mostly to 
prove one's prowess at power 
supply design, will require 
more and higher quality 
equipment. The test equip¬ 
ment needed is the following: 
a 20k Ohms/volt VOM, a 
variable autotransformer, a 
pulse generator, a very stable 
power supply, and an oscillo¬ 
scope. The scope should be 
dual-trace with triggered, cali¬ 
brated sweep, 5 MHz band¬ 
width and 10 millivolts 
sensitivity. The sensitivity 
and bandwidth are essential, 
and the triggered sweep will 
reduce frustrations during 
much of the testing. How¬ 
ever, if a single-trace scope 
with the other qualifications 
is available, it is possible to 
get by with a couple of 
smart-aleck tricks. Fig. 1 
shows how two signals can be 
mixed on one trace. This 
trick is good only on two low 
impedance sources, and it 
reduces the effective voltage 
of each signal to half its real 
value. In place of the cali¬ 
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Fig. 5a. Mixed waveforms from circuit of Fig. 4 showing 
trigger at zero crossing of tine voltage. 



brated sweep, let signal "A” 
be the signal to be timed, and 
signal “B” can be narrow 
pulses from a pulse generator 
with 1 kHz output. The 
resulting display will show 1 
millisecond “tick” marks 
superimposed on signal “A.” 
If the scope has a Z axis 
modulation input, the pulses 
can be used to intensify the 
trace as a time marker. 

The power supply will be 
used as a comparison 
standard to check regulation 
and stability of the power 
supply under test (PSUT), so 
it must be much more stable 
than the PSUT. If there is the 
slightest doubt, Fig. 2 shows 


a circuit suitable for a 
reference supply. All parts 
inside the dashed line should 
be built inside a thermally 
insulated box and the supply 
should be allowed to run con¬ 
tinuously for best stability. 
The output will vary from 
below 5 volts to around 18 
volts, which should cover all 
supplies of interest to the 
computer hobbyist. The 
other equipment is very 
common, and the applica¬ 
tions discussed below will 
explain their use. 

The first special gizmo is a 
dynamic load — a circuit 
which simulates the type of 
load fast logic places on a 



Fig. 5b. Mixed waveforms showing proper adjustment of R1 so 
id triggers at line voltage peak. 


113 J A 










Fig. 6. 


power supply. Fig. 3 shows 
the circuit; R1 sets the load 
current drawn from the 
power supply for any given 
value of R2. R2 is chosen to 
give about one volt output at 
the maximum load current to 
be drawn from the PSUT. Cl 
is an input from a pulse 
generator which causes the 
load current to increase 
sharply then decrease, varying 
over a small range. Because 
Q2 and R2 dissipate the 
entire power output of the 
PSUT, both should be 
mounted on a large heat sink. 

The second gizmo allows a 
power supply to be switched 
on or off at a special time - 
either at line voltage zero 
crossing or at line voltage 
peak. If the PSUT will 
develop spikes at turn-on or 
turn-off, close examination of 
the PSUT output using an 
oscilloscope will reveal the 
problem. Fig. 4 shows the 
circuit; it is safer to observe 
the special precaution of 
using an isolation trans¬ 
former. If such a transformer 
is not available, take strict 
precautions to insure, by 
measuring both circuit 
common and point ”L” to a 
good earth ground, that 
circuit common is really the 
low side of the line. Circuit 
operation is simple; IC1 
samples the transformer 
output and produces approxi¬ 
mately a square wave. With 
SW1 in the 0° position, the 
rising edge of the waveform 



at “B” will occur at zero 
crossing. With SW1 in the 90° 
position, R1 can be adjusted 
so the trigger occurs at line 
voltage peak. The photos in 
Fig. 5 show the mixed wave¬ 
forms (see Fig. 1) for zero 
crossing (Fig. 5a) and for 
switching at line peak (Fig. 
5b). IC2 consists of two flip 
flops which are clocked by 
the output from IC1. If SW2 
is open, Q1 and Q2 are both 
high; with SW3 in the T/ON 
position, Z1 is turned on and 
triac Z2 is turned off. When 
SW2 is closed, Q1 goes low 
on the next positive edge 
from IC1, and Q1 triggers the 
scope. On the second positive 
edge from IC1, Q2 goes low 
and Z1 turns off. Z2 is then 
turned on by current through 
the 47 Ohm resistor and any 
load connected to Z2 is 
activated. After R1 has been 
adjusted properly, the load 
can be switched at zero 
crossing or line peak by 
setting SW1 and closing SW2. 
With SW3 in the T/OFF posi¬ 
tion, Z2’s load is activated 
until SW2 is closed, then Z2 
turns off at the next zero 
crossing after FF2 switches. 

Three types of tests should 
be performed on all unknown 
power supplies to give reason¬ 
able assurance of safe, reliable 
operation in a home com¬ 
puter system. These are: (1) 
transient detection and rate 
of rise; (2) dc regulation and 
heat rise; and (3) output 
impedance. 

As mentioned above, 
power supply transients can 
disrupt or damage the CPU. 
In a computer system which 
uses several different voltages, 



sections of the system may 
lock up or be damaged if (for 
example) the +15 volt bus 
comes up before the —5 volt 
bus. The rate of rise measure¬ 
ment allows the system 
designer to know if all 
supplies will come up 
together when switched by 
the same power switch. 

The dc regulation test tells 
how well the regulator 
circuitry performs, and the 
heat rise test forewarns of 
possible fire or overheat con¬ 
ditions if the supply is used 
for continuous operation. 

A test of power supply 
impedance tells how well the 
supply will decouple possible 
circuit interactions. A noisy 
Vcc line can be very bad for 
TTL logic and may cause 
subtle problems almost 
impossible to jocate without 
a very good oscilloscope. 
Although decoupling on the 
board is helpful, it will not 
entirely overcome the effect 
of a high impedance power 
supply. Probably 90% of all 
decoupling would not be 
needed if a “perfect” (zero 
output impedance) supply 
were available. However: A 
“perfect” power supply feed¬ 
ing a load with 2’ of #24 wire 
clip leads might have over an 
Ohm of impedance for fast 
logic signals. 

Fig. 6 shows typical 
output connections for a 
modular, fixed voltage supply 
which does not have sense 
lines. Any stated performance 
specifications (% regulation, 
noise, ripple, etc.) apply only 
at those terminals. They will 
still be very close if the 
supply feeds a load via #8 
wire leads. If the supply is 
feeding a home brew back¬ 
plane wire wrapped with #30 
wire, the top of the card 12 
slots away may be in trouble! 


Some of the connecting 
lead problems go away if the 
supply has sense leads as 
shown in Fig. 7. Sense leads 
must connect electrically as 
shown in Fig. 7a. If this 
connection is made physically 
at the supply, the equivalent 
circuit is the same as Fig. 6. If 
both the sense leads and load 
leads attach at the load as 
shown in Fig. 7b, the pub¬ 
lished specs now apply at the 
load. 

Power supply test hookups 
must be carefully and 
properly made! Fig. 8 shows 
right and wrong connections 
- note that the “wrong” con¬ 
nection includes the effect of 
the load leads and the drop 
across the ammeter in the 
measurement. If you want to 
prove the importance of 
heavy power supply leads,* 
repeat some of the tests out- 
lined below using the 
“wrong” connection and #30 
wire and check the 
difference. 

Do the transient test first 
and discard or redesign any 
unit which fails. Use the triac 
switch of Fig. 4 with the 
connections shown in Fig. 9. 
Remember the grounding pre¬ 
cautions if an isolation trans¬ 
former is not used. With SW3 
set to T/ON and SW1 set to 
0°, sync the scope so the 
rising output of the PSUT is 
displayed on the scope as in 
Figs. 10a and 10b. Repeat the 
test for T/OFF (Fig. lOd) and 
repeat the T/ON test with 
SW1 set to 90° (Fig. 10c). 
OK the PSUT only if no 
spiking occurs under low, 
medium and full load condi¬ 
tions. If rate of rise is impor¬ 
tant to your system, measure 
it before dismantling the test 
setup. The PSUT shown in 
Fig. 10 was a surplus supply 
with a good pedigree; it is 


Fig. 8. 






Fig. I Oa. Turn-on of 5 V, 3 A power supply; 1.8 A load, 
switched at line voltage zero crossing. Time of rise - 3 
milliseconds. Note rapid response to very minor overshoot. 
very gratifying to have such rating), then connect the 
excellent test results from a VOM with the resistive net- 
supply which cost about half work shown in Fig. 11. Set 
the going rate! the VOM to the 50 microamp 

Set up the regulation test scale and adjust the reference 
as shown in Fig. 11. Select supply so the meter reads 
R2 of the dynamic load (Fig. zero. Close SW4 and readjust 
3) for one volt drop at full the reference supply for mid¬ 
rated load current of the scale on the meter. Now, 50 
PSUT, then read current with millivolts change in PSUT 
the VOM at output I. For output will swing the meter 
example, if R2 is 1 Ohm, one to end scale. Lower the line 
Amp will give one volt across voltage to 105 volts, note the 
R2. Set the line voltage to VOM reading after one 
115 volts and set the minute, then raise the line to 
reference supply to the same 125 volts and note the change 
output voltage as the PSUT. after one minute. 

Let the whole system warm Percentage regulation is 
up at 50% load (PSUT defined as 



Fig. 10c. Turn-on of 5 V, 3 A power supply; 1.8 A load, 

turn-on at line peak. 


Fig. 10b. Double exposure of 5 V, 3 A power supply; 1.8 A 
load, zero crossing turn-on. Voltage irregularity caused by 
incomplete charging of filter cap on first cycle of line voltage. 
Note that voltage does not exceed set value more than 196. 
Excellent regulator! 

VH — VL ^ 100%, 2%. This is a "not good" 

VH ’ unless the impedance test 

where VH is PSUT output at gives exceptionally good 
high line and VL is PSUT results. Even so, such poor 
putput at low line. Since this regulation on a supply sold as 
connection will measure the a “regulated" supply may 
change in output, this reduces mean the regulator circuit has 
to the VOM reading in milli- problems, 
volts divided by the output Repeat the test with line 
voltage set on PSUT (an voltage fixed at 115 volts and 
approximation, unless a change the load from no load 
digital voltmeter is available to full load. Compute the 
to measure VH). For 100 regulation as before, using the 
millivolts change (full scale change in output voltage as 
swing on the VOM with SW4 measured by the VOM and 
closed) on a 5 volt supply, the nominal output voltage of 
the % regulation is .1/5 or the PSUT. Acceptable regula- 



Fig. lOd. Turn-off of 5 V, 3 A power supply with 1.8 A load; 
total decay time — 150 milliseconds. Note complete absence 
of transients. 
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Fig. 11. 

tion is .2% (10 millivolts flow design is beyond the 
change on a 5 volt supply), scope of this article, 
but .1% is better for most The output impedance test 
applications. For that supply also uses the variable load. In 

with poor line regulation, this case, set some mid-range 

repeat the no load/full load load on PSUT, then feed a 
test at low line voltage and small amplitude square wave 

reject it for long-term use if or pulse to the modulation 

the regulation changes sub- input. Use the scope to mon- 
stantially at low line voltage, itor the I terminal on the 
Run the heat test by variable load, and set the 
pulling full load for several modulation drive so the 
hours. The PSUT output current is changed by 10% of 
should change very little, and the fixed load current. Then 
no part of the supply should move the scope to the PSUT 
become too hot to touch. If output and look for output 
the heat rise is too much or voltage changes at the modu- 
the regulation changes drasti- lation frequency. Measure 
cally, reserve the unit for both the current change and 
smaller loads or intermittent output change in voltage 
duty. Sometimes it is possible peak-to-peak and divide the 
to add heat sinks to over- voltage change by the current 
heating supplies, but heat- change. Output impedance is 


Fig. 12. 

simply this voltage divided by except where they pass 
the current. For example, through connectors, use high 
assume the load current is 1 quality connectors and 
Amp, with a current change choose or lay out PC boards 
of .1 volt peak-to-peak. If with wide, multiple power 
the PSUT output changes by runs. Even if the logic card 
.01 volt peak-to-peak, the draws fairly low power, fast 
impedance is .01/. I or .1 logic generates fast transients. 
Ohm, a good value. Vary the Small power conductors are 
pulse frequency over a fairly inductive at much lower fre- 
wide range to check for any quencies than large, flat con- 
major change in impedance, ductors. Inductance in a 
Most solid state supplies of power bus encourages inter¬ 
good design will hold output stage coupling, which spells 
impedance essentially con- trouble in any computer, 
stant over a wide frequency Power supply testing is so 
range. important that all computer 

Now that you have located hobby club members who 
a good supply with low impe- home brew equipment should 
dance, don’t handicap it! Run pool their resources to 
bus bars for power lines assemble a good test facility, 
instead of wires, solder power then help each other check 
connections everywhere out all their power supplies. ■ 
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A RTTY/Computer Display Unit 

-Baudot, ASCII, TTL, RS232, etc., etc. 


I n order to interface man 
with computer, some sort 
of inpijt/output device is 
needed. An extremely ver¬ 
satile output device is a visual 
display unit, which displays 
data on any modified tele¬ 
vision screen. 

The display unit described 
in this article is very efficient, 
both in price and in the 
density of the data on the 
screen. It displays 25 lines of 
40 characters each on the 
screen — almost double the 


Fig. 1. 



density of most other display 
units now on the market. 
And the parts cost is less than 
$100.00, buying from com¬ 
panies advertising in the back 
of this and other electronics 
magazines, including the price 
of the double-sided, plated- 
through board. All display 
unit parts, including the $20 
power supply, are contained 
on one 7.2” x 11.4” board. 
The option boards are both 
about 4" x 4”. 

The two option boards 
that are available are used to 
input serial ASCII and serial 
Baudot. The first accepts 
the serial ASCII, converts it 
to parallel, and enters it into 
the display unit’s memory. It 
also accepts parallel data 
from a keyboard, etc., and 
serializes it. The serial inter¬ 
faces can be either TTL, EIA 
RS-232C, or 20 mil loop 
compatible, all selected by 


two jumpers. The other 
option accepts serial 
Baudot code, converts it to 
parallel, and changes the code 
to ASCII. This ASCII data is 
then sent to the display unit. 
The inputs to the Baudot 
board can be either TTL, EIA 
RS232C, or 60 mil loop. 

A useful feature of the 
display unit is called next line 
blanking. This causes the 
screen to be erased, line by 
line, as the cursor moves 
down a page full of data. If 
this feature was not in the 
display unit, after the screen 
had been filled with data 
once, you would simply be 
writing over old data, char¬ 
acter by character. To say the 
least, this can be very con¬ 
fusing! Full cursor control is 
available using the “forward/ 
backward” input. The cursor 
can be moved straight up or 
down, left or right, or to the 


left of the screen, and then 
up or down one line. A self¬ 
test line is available so that 
signals can be displayed on 
the screen; therefore, in most 
cases, an oscilloscope is not 
needed. All logic is done with 
standard TTL gates and 
dividers. There are no capaci- 
tively coupled lines or other 
bears to troubleshoot, so a 
person with a modest ex¬ 
perience with logic will 
probably be able to easily fix 
his board, should it not work. 

Basic Information 

The 3320 display unit has 
a format of 25 lines con¬ 
sisting of 40 characters each. 
The characters are arranged in 
a standard 5x7 matrix, each 
space in the matrix being 
either a white or a black dot 
on the screen of the tele¬ 
vision. There is a one dot 
space both horizontally and 
vertically which is always 






Fig. 2. 


black to make sure that there line. The strobe line is used to 

is space between characters. tell the display unit when to 

Therefore, each character enter the data. When the 

takes up a space of 6 x 8 dots strobe line makes its transi¬ 
on the screen, as shown in tion (either positive or nega- 

Fig. 1 for the letter “A", tive, jumper selectable), the 

Each dot represents one cycle data is entered into memory, 

of the master clock. This strobe line is de-bo unced 

The cursor, or the marker on the board, and a strobe 

showing the next character received pulse is available at 

position, is a white line five the output connector. This is 

dots wide on the top scan line used by the input options and 

of that character, which is is required by some types of 

otherwise always black. The keyboards. The video output 

cursor flashes at a rate of two is a 2.25 V P-P signal with the 

times per second to aid in specifications shown in Fig. 

finding it in a crowded 3. 

screen. 

Since characters take up 6 Timing 
x 8 dots, and there are 40 The schematic diagram for 
characters on each of the 25 the timing chain is shown in 

lines, there is a display area of Fig. 16, while the timing 

240 x 200 dots. There are chain is shown in Fig. 15. 
provisions in the timing All timing is derived from 
chain, however, for 384 x a crystal-controlled oscillator 

264 dots. The reason for this whose frequency is 6.082560 

is that the television's beam MHz. The output of this 

scans past the edge of the oscillator is called the A 

screen, where you can’t see it. clock, and is fed into various 

When it is well past the visible dividers until it finally 

area on the screen, a hori- reaches the T clock, being 60 

zontal or vertical sync pulse is Hz. 

sent which causes the beam The B clock is exactly half 
to go back to the left edge or of the master clock, since it 

to the top of the screen, goes through the first flip 

respectively. The display is flop in the divider chain. The 

centered within the 384 x C, D, and E clocks are all of 

264 dot matrix, and fills up the same frequency, but are 

the visible screen of most different in phase. Since char- 

television sets. This arrange- acters are six dots wide, there 

ment is shown in Fig. 2. are six A clock pulses, three B 

To interface the unit with clock pulses, and one each C, 

the outside world, a parallel D, and E clock pulses. This is 

input and video output are shown in Fig. 4 for the top of 

provided. The input consists the letter *'A”. 

of seven data lines coded in The F clock is half of the 
ASCII, along with a strobe D clock, and from the G to 


the J clocks, the previous 
clock is divided by two to get 
the present one. 

The K clock is special, 
however. It is low when char¬ 
acters can be printed across 
the line and goes high when 
they can’t (during horizontal 
retrace). There are enough 
clock pulses for 64 characters 
on a line, but only 40 of 
these are used. The extra 24 
character positions cannot be 
displayed on most television 
sets, anyway, and are used for 
horizontal retrace. The K 
clock is not the output of a 
flip flop, but rather a latch 
that gets set on the 41st 
character and reset on the 
first character. In the middle 
of retrace (when the I clock is 
low), a horizontal sync pulse 
is created. This tells the tele¬ 
vision to send the electron 
beam back to the left side of 
the screen so that a new scan 
line can begin. 

The K clock is divided by 
two, four and eight to get the 
L, M, and N clocks, respec¬ 
tively. These three clocks are 
fed to the character generator 
to tell it which scan line of 
the character the television is 
displaying. This is shown in 
Fig. 5 for the left side of the 
letter "A". 

Note that the top scan line 
is always blank. This is to 
provide vertical spacing 
between characters, and to 
allow time for 40 characters 
of the page memory to be 
moved into the line memory. 
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This is explained in detail in 
the memory section. 

The last six clocks are 
different because they are 
reset at the end of the frame. 
There are provisions for 264 
scan lines per frame (33 char¬ 
acter lines of eight scan lines 
each). Since all dividers must 
be synchronized with each 
other, all affected counters 
are reset at the end of the 
frame, and the whole timing 
chain starts over. 

As was mentioned earlier, 
there are provisions for 33 
character lines, but only 25 
of them are used. The T clock 
is low when characters can be 
vertically printed on the 
screen, and high when they 
can’t (during vertical retrace). 
The T clock is like the K 
clock, in that it is a set/reset 
flip flop arranged as two 
cross-coupled NOR gates. The 
flip flop is set on the 26th 
line and reset on the first. In 
the middle of vertical retrace, 
the vertical sync pulse is 
created, telling the tele¬ 
vision’s electron beam to go 
to the upper left hand corner 
of the screen and start a new 
frame. Several other timing 
pulses are derived from the 
lettered clock pulses, and 
they are explained in the 
cursor control and memory 
sections. 



Fig. 5. 






Fig. 7. 


Memory 

The memory schematics 
are shown in Fig. 19. 

There are two clocks asso¬ 
ciated with the page (hex- 
1024 bit) memory, and one 
more is created for the line 
(hex-40 bit) memory. The 
main memory clocks are 
labeled 01 and (52, 01 being 
the output clock and 02 
being the input clock. For 
every character that is 
shifted, both clocks have to 
be sent to the shift registers. 
These two clocks have to 
swing from +5 to -12, which 
are not standard TTL levels, 
and must not overlap. There 
is a clock driver between the 
timing chain and the memory 
to buffer these clocks. Since 
there are 1024 positions in 
the shift register, but only 
1000 are used to display data, 
24 extra clocks must be 
added somewhere in the 
frame. 

These extra 24 pulses 
begin at the rise of the T 
clock, and end after 24 pulses 
have been counted by circuits 



21, 13, and 22. These 24 
pulses are logically ORed 
with the 1000 pulses that 
occur normally. The 1000 
pulses occur during the scan 
line that is always black on 
the screen (LI), and only in 
the character area (the 
240x200 dot area where char¬ 
acters are displayed). There 
are 40 of each clock per 
character line, where a char¬ 
acter line consists of eight 
scan lines. 

The line memory is 
clocked by the line clock 
which comes 40 times per 
scan line. During the top scan 
line of a character line (LI), 
the page memories are being 
clocked out, and that data is 
being clocked into the line 
memory. The data that was in 
the line memory is sent to the 
character generator, but since 
it is scan line number one, the 
output of the character gen¬ 
erator is all zeros. On the 
next seven scan lines the data 
just fed into the line memory 
is clocked into the character 
generator over and over again. 


The character generator is 
actually a read only memory 
that is addressed by the 
output of the line memory 
and the L, M, and N clocks 
which tell it which scan line 
the unit is now displaying. 
The output for the first scan 
line (L, M, N = 0) is always 
zeros, so the top scan line 
always is black. The output 
for the second scan line of 
the letter “A” would be 
00100, the one being the 
point on the top of the letter. 

The output of the char¬ 
acter generator is sent to a 
shift register, which shifts the 
data out at the frequency of 
the A clock. The serial input 
of this output register is 
grounded so that during 
retrace its output is low, 
making black dots on the 
screen. The character gener¬ 
ator’s output is loaded into 
the output register when load 
is low and the A clock rises. 
Note that the first load pulse 
is created one character 
position after the other 
memory clocks start. This is 


because there is a long propa¬ 
gation delay between the 
page memory’s and the char¬ 
acter generator's outputs. The 
output of the shift register is 
sent to a buffer transistor 
where it is mixed with the 
sync pulses and is sent to the 
television. 

Input Conditioning 

The input conditioning 
and cursor control schematics 
can be found in Fig. 17. 

In order to enter the input 
data into the memory, it is 
required that a strobe pulse 
accompany the data. This 
pulse can be either negative 
or positive going, depending 
on the wiring of the strobe 
jumper. If it is a negative 
strobe, points A and C are 
jumpered as explained on the 
cursor control drawing. 

The de-bouncer is the first 
type D flip flop in the chain. 
After strobe is received (pin 2 
of 35 goes low), the device 
waits for the next rise of the 
S clock. When this happens, 
the output (pin 6) goes high. 
The reason that this circuit 
de-bounces is that the S clock 
has a period longer than any 
noise on the strobe pulse 
could last. 

The sequence of events is 
shown in Fig. 6. Pin 6 of 35 is 
sent to the clock of the next 
flip flop. When it goes high, 
the grounded input is trans¬ 
ferred to the output (pin 9), 
and that sets the NAND gate 
set/reset flip flop. When this 
flip flop's Q output (pin 8) 
goes high, its Q output goes 
low, running back through an 
AND gate and setting the 
second type D flip flop. Even 
though pin 9 of 35 now goes 
high, the set/reset flip flop 
stays set (pin 8 stays high). 
That output is sent to the 
input of another type D flip 
flop whose clock is the T 
clock. Therefore, when T 
goes high, pin 5 of 36 goes 
high and 6 of 36 goes low. 
Pin 6 of 36 is fed back to 
reset the set/reset flip flop, 
bringing pin 8 of 17 low. The 
next time the T clock rises, 
pins 5 and 6 will go back to 


















their normal states. Pin 5, actually a divide by 40 chain 
therefore, goes high for placed in front of a divide by 
exactly one cycle of the 25 chain. Since the total 
timing chain. The clear line chain divides by 1000, and 
sets the second and third type 1000 clock pulses are created 
D flip flops to the correct each frame, the output of the 
states. last stage of the divider will 

Pfn 5 of 36 is sent to drop once each frame. When 
different parts of the cursor this output drops, the cursor 
control section depending on is displayed on the screen, 
the setting of the control bits. To move the position of 
If bits 6 and 7 of the input the cursor, the divider must 
data are not both low, a drop at a different time in the 
standard update cycle begins, frame. This can be accom- 
This is where the input data is plishbd since the input of the 
put into memory and the divider can receive pulses 
cursor is moved one position from either the character 
forward or backward. If, clock generator or a special 
however, bits 6 and 7 of the circuit that either adds or 
input data are both low, a takes away pulses, 
line feed (LF) cycle begins. If If an extra pulse is fed to 
an LF cycle happens with bit the divider, the output will 
one low, then a line feed is drop one character earlier. If 
initiated (the cursor moves a pulse is taken away, the 
straight up or down one line), output will drop later, since it 



Fig. 8. 


If bit one is high during an will take longer to count 

LF cycle, the cursor moves 1000 pulses. Instead of taking 

back to the beginning of the away pulses, a long pulse is 

line, and then up or down created that “covers" two 

one line. In this case, a set to normal pulses, as shown in 

40 pulse is created at pin 11 Fig. 8. So if we want to move 

of 38 since bits 6 and 7 are the cursor back one 

both low (1 of 37 is high) and position, an extra pulse is 

bit one is high. This status is added between the normal 

ANDed with the up or down character clock pulses. If we 

pulse (only created during an want to move the cursor 

LF cycle) to arrive at the set ahead one position, we cover 
pulse. The any cycle line is up two pulses by adding one 
hooked directly to pin 5 of long pulse. The pulse, 
36, so it goes high for one whether short or long, is 

cycle after strobe drops no created when the update 

matter how any of the data cycle drops, setting pin 9 of 
bits are set. Fig. 7 shows the 22 high. Pin 9 of 22 goes low 

ASCII codes as used in the the next time that the E 

3320 display unit. clock rises, and will stay low 

until the update cycle drops 
Cursor Control again. !f the FWD/BKWD line 

The cursor control section is high, this pulse goes 

can be thought of as a chain through an AND gate to set a 
of flip flops that divide their set/reset flip flop, IC23. The 
input by 1000. The clock for next time that the G clock 

this divider sends a pulse goes high, the set/reset flip 

during the first scan line (LI), flop gets reset. This flip flop, 
above where each character therefore, stays set for the 
could be. The divider is first two character positions 
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of the frame. The output of the divide by 40 chain does, 
this flip flop is called the as far as adding pulses to 
forward pulse. move the cursor. To move the 

When pin 9 of 22 is high, cursor up, an extra pulse is 
an A clock pulse is sent added, making the divider 
through an AND gate to pin drop one line earlier. If the 
12 of 20. This pulse is called cursor is to move down, a 
the backward pulse. Even long pulse is created to cover 
though it seems that two up two normal pulses. The 
pulses would come out of this normal clock to this divider is 
gate each update cycle, only pin 11 of 32, which goes 
one does. This is because through IC28 to get to the 
there is a propagation delay divider (circuits 33 and 34). 
between the A clock and the The dropping of the LF cycle 
T clock. Because of this small line sets off the extra pulse 
delay, the T clock (and the generators in the divide by 25 
update cycle) drop in the counter chain. It sets pin 12 
middle of the first C clock of of 24 high, but that pin is 
the frame. Therefore, the soon reset when the E clock 
very first A clock pulse of the rises. If the FWD/BKWD line 
frame does not get through to is high, the pulse from this 
pin 12 of 20, but the second flip flop goes through an 
one does. By the time that AND gate and sets a flip flop, 
the third A clock pulse circuit 27. The 0 output (pin 
comes, pin 9 of 22 has been 4) of this flip flop goes low 
reset to 0. The one short immediately and rises again 
pulse that does get through is when the P clock goes high, 
called the backward pulse. The § output of this flip flop 
The character clock, for- is therefore low for two char- 
ward pulse, and backward acter lines (16 scan lines), and 
pulse are all ORed together to is called the down pulse. Pin 
form the input to the divide 12 of 24 also is ANDed with 
by 40 chain. If there wasn’t the A clock to create a short 
just an update cycle, only pulse (the up pulse). The 
character clock pulses get reason two pulses are not 
through. If there was just an created is the same as was 
update cycle and the explained for the divide by 
FWD/BKWD line is low, the 40 chain, 
backward pulse will also get The up and down pulses, 
to the clock of the divider, along with the normal clock 
This will clock the divider from pin 11 of 32, are run 
one extra time, so its output through an AND gate and 
will drop one position earlier, sent to the clock input of the 
If there was just an update divider. If a line feed cycle 
cycle, and the FWD/BKWD has just happened, and the 

line is high, the forward pulse FWD/BKWD line is low, the 

gets through and covers the short pulse from pin 12 of 26 
first two character clock is added on to the normal 
pulses as well as the backward clock pulses, causing the 
pulse. There is one less clock cursor to come one line 

pulse this frame, so the earlier. If the FWD/BKWD 

divider drops later. line is high, the long pulse 

The divide by 40 chain from pin 4 of 27 covers the 
consists of circuits 30 and 31, first two normal clock pulses 
and its output is pin 11 of 31. and the up pulse. Note that 

When this output drops, it the up and backward pulses 

clocks pin 6 of 32, setting pin come even if the FWD/BKWD 

11 to a low state. On the next line is high, since they will be 
character clock pulse this flip blocked out by the down and 
flop is set (pin 11 goes high) forward pulses anyway, 
and stays that way until the The divide by 25 chain 
counter drops again. consists of circuits 33 and 34, 

The divide by 25 chain and its output is pin 11 of 34. 
operates the same way that This output is the clock input 




to a J-K flip flop, pin 1 of 32. 
When the output of the 
counter drops, the flip flop 
changes states, and pin 14 of 
32 goes high. This flip flop is 
reset by the next character 
clock pulse, so pin 14 of 32 
goes high for only one char¬ 
acter width. 

This line is called character 
position and goes to the chip 
enable of the character gener¬ 
ator, which causes the genera¬ 
tor’s output to go high 
(display white on the screen). 
This is the cursor, and it goes 
to a blinker circuit before it 
gets to the character gener¬ 
ator, which switches it off 
and on at the rate of about 
two times per second. 

The character position line 
is ANDed with the update 
cycle and that pulse is sent to 
the page memory location 
that it is now at. The memory 
therefore gets changed during 
the update cycle, while the 
position of the cursor gets 
changed during the frame 
immediately following the 
update cycle. 

To clear the display and 
move the cursor to the upper 
right hand position of the 
screen, the clear line is 
brought high. This brings the 
write line of the page 
memory high. It also brings 
the input to the memory bit 
6 high. All keyboard data is 
gated to the memory inputs 
only when the update cycle is 
high, so the other five data 
inputs will be low. The ASCII 
code for a space is all bits low 
except for bit 6. So what will 
happen is that the memory 
will take the input data 
(space) and keep putting it 
into memory until the clear 
line goes low. If the clear line 
was high long enough to 
allow all of the memory 
positions to be accessed (1 /60 
second), the memory will be 
filled with blanks. 

Now that the screen is 
blank, the cursor has to be 
moved to the first position of 
the page. To do this, both of 
the cursor divider chains are 
set to all ones; on the next 
clock pulse the divider’s 


Fig. 9. 

outputs will drop, displaying 
the cursor. A set/reset flip 
flop is set when clear goes 
high, and its output (pin 13 
of 27) is used to preset the 
divider chain. Since the first 
clock pulse that gets to the 
divider must be at the begin¬ 
ning of the frame (so the 
counter will drop after the 
first clock pulse, or in the 
first character position), the 
preset line must go back to its 
normal state at the beginning 
of the frame. The preset line 
goes low the first time that 
the T clock goes low, after 
clear drops. Since the T clock 
goes low at the beginning of 
the frame, so does the preset 
pulse, and the dividers are 
now clocked. 

Next Line Blanking 

The next line blanking 
schematic can be found in 
Fig. 18. 

The next line blanking 
circuit makes sure that, after 
you fill the screen and are 
about to start writing over 
old information, old informa¬ 
tion gets erased. It clears the 
screen line by line, as the 
cursor moves downward. 

The lines get "blanked” 
under the following two con¬ 
ditions: 

1. If the cursor is 
detected in the first 
character position of a 
line. In this case, the 



Fig. 10. 


line that the cursor is 
on gets filled with 
blanks. 

2. If a line feed is 
initiated. (The cursor 
moves straight down.) 

In this case, the line 
below the cursor’s gets 
filled with blanks. 
Therefore, after the line 
feed is finished, the cur¬ 
sor is on the blank line. 
To find whether or not the 
cursor is in the first position 
of any line, character position 
is ANDed with a signal that is 
high only in the first position 
of each line. This signal is pin 
12 of 40, which is a J-K flip 
flop that gets set at the begin¬ 
ning of a line and reset after 
the first character position of 
the l ine i s passed. Since the 
first load pulse lags behind 
the first line clock pulse by 
one character (as explained in 
the memory section), when 
both of these are high, and 
we are in the character area, 
we are also in the first 
position of a line. 

As was stated earlier, this 
pulse is ANDed with char¬ 
acter position, and if it is not 
“any cycle" or the frame 
right after it, it is used to set 
a flip flop (circuit 43). This 
flip flop’s output (pin 13) is 
reset to zero the next time 
the K clock goes high (at the 
end of the scan line). This 
line goes on to bring the write 
line of the memory high, 
along with the bit 6 input, so 
that the memory gets filled 
with spaces. Since this line 
goes high at the beginning of 
a scan line and drops at the 
end of it, 40 locations of 
memory get filled with 
spaces. The memory gets 
written with spaces every 
cycle that the cursor is in 
position one. 

In the second case, if an 



rfr * j Dj 
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LF cycle occurs, it is ANDed 
with character position to set 
a flip flop (circuit 43). This 
will bring pin 4 of 43 high, 
and will allow the next flip 
flop (circuit 24) to toggle. 
This will happen the next 
time the N clock drops, or at 
the beginning of the next 
character line. This pulse is 
fed back to the first flip flop 
and resets it. The line is reset 
the next time that horizontal 
sync goes low. Therefore, the 
line goes high for almost one 
scan line, on the character 
line below the line where the 
cursor now is. (Remember 
that the cursor moves after an 
LF cycle drops.) This line 
also is fed to the write line of 
the page memories and to set 
bit 6 of the inputs high. 

To turn the next line 
blanking feature off, jumper 
on the board the two pads 
marked NLB. This grounds 
pin 11 of 29, and doesn’t 
allow a write pulse to go to 
the memory. 

Power Supply 

The power supply sche¬ 
matic can be found in Fig. 
14. 

The power supply has pro¬ 
visions for +5, -5, and -12 
volts at 2, .15, and .5 
Amperes, respectively. The 
+5 supply consists of a 12.6 
V, 2 A, C.T. transformer 
whose output is rectified and 
filtered and sent to two 7805 
(LM340T-5) regulators. The 
two regulator chips are 
mounted to the cabinet and 
are hooked up in parallel. 

The -1 2 supply is obtained 
by rectifying and filtering a 
28 V, .85 A, C.T. transformer 
and feeding it into a 7912 
(LM320T-12) regulator chip. 
The output of this chip is -12, 
and that output is sent to the 
-5 regulator. This consists of a 
zener diode hooked to the 
base of an MJE370 transistor. 
The output is between -5 and 
-6 volts. 

All outputs are filtered 
with .1 disc capacitors and 
100 uF electrolytics to 
improve regulator response 
and to filter out noise. 
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Troubleshooting 

Power supply: When the 
board is finished, the power 
supply is not connected to 
the logic circuits. This pre¬ 
vents high voltage from ever 
reaching the integrated cir¬ 
cuits, unless the power supply 
fails after it is initially tested. 

To test the power supplies, 
the transformer is plugged 
into the board (through the 
molex connector) and the 
voltages are measured at the 
terminals marked +5, -5, and 
-12. If all of the voltages are 




correct (according to the 
table below), the three sets of 
pads can be jumpered, and 
the voltages measured again. 
If the voltages are still OK, 
the logic test procedure can 
begin. If not, you should start 
checking for solder shorts on 
the power supply lines. 




-12 


Max. Min. 

4.75 5.25 

-4.80 -5.90 

-11.7 -12.3 


Fig. 1 5. Timing chain. 


Logic testing: The 3320 
display has a self-test feature 
which makes troubleshooting 
much easier. With this you 
can see any pulses that 
happen in the “visible” area 
of the frame. The visible area 
means any area of the frame 
that can be displayed on a 
television. Therefore, you 
can’t see the sync pulses, and 
you must have these pulses to 
be able to display anything at 
all. 

To use self-test, disconnect 
the jumper between the out¬ 
put shift register and pin 1 of 
56 (between points D and E). 
This will take any video data 
that you may have off the 
screen. Next, connect pin 1 
of the input connector to the 
signal line that you want to 
check. There should be a 
series of horizontal (for 
slower clocks) or vertical (for 
faster clocks) lines on the 
screen, where white is a 
logical one and black is a 
zero. To be sure that sync is 
there, and to be sure that the 
display is hooked to your 
television correctly, follow 
the above procedure and 
hook your jumper to a 
moderately fast clock (such 
as the G clock). In this case 
you should see 10 or 11 pairs 
of black and white vertical 
bars on the screen. If nothing 
is there, first check the con¬ 
nection to your television; if 
you’re sure that’s OK, you 
will need a scope to check the 
sync pulses and the output of 
the buffer transistor. After 
you get self-test working, go 
through any circuit that you 
think is bad and look at all of 
the signals. Please note that 
only TTL level signals can be 



Fig. 13. 


displayed using self-test, so 
don’t look at the output of 
the page memory’s clock 
driver, or either of the nega¬ 
tive supplies! 

If the unit does not work, 
the first thing to check is the 
timing chain. The T clock 
should be 60 Hz (one hori¬ 
zontal line on the screen). If 
it is not there, start at the A 
clock and work your way 
through the chain. If the 
master clock is not oscil¬ 
lating, be sure that IC1 is a 
7404 made by Texas Instru¬ 
ments. If it is not, it must be 
replaced with one that is. If 
the timing chain is all right, 
check the 01 and 02 clock 
pulses at pins 3 and 11 of 19, 
respectively. There should be 
1024 small white dots on the 
television screen. If there are 
only 1000, check the divide 
by 24 circuit, ICs 21,13, and 
22. If there are dots all over 
the screen (many more than 
1024), make sure that char¬ 
acter area is high only for the 
area shown in Fig. 2, and that 
the divide by 24 circuit is 
working. LI should be one 
horizontal scan line out of 
eight white, while load should 
be somewhat similar to the C, 
D, and E clocks, except the 
pulses will only appear during 
character area. 

If everything seems to be 
OK in the timing section, 
check the cursor control. If a 
cursor appears on the screen, 
but won’t move when pulsing 
the strobe line, first be sure 
that the jumper is in for 
positive or negative strobe! 
Then, see if there is a pulse at 
pin 5 of 36 that lasts exactly 
one frame (it will appear as a 
flash on the screen). If this 
pulse is not there, try clearing 
the unit by bringing the clear 
line to +5 volts. Because of 
the random states that logic 










Fig. 16. Timing. 


comes up in, some units must 31). There should be 25 short of the second divider (IC34) the memory high during an 

be cleared before data can be normally high pulses per should cause flip flop IC32 to update cycle, 

entered. frame at pin 11 of 32. These toggle once per frame. This If the timing and cursor 

If a cursor doesn’t appear, 25 pulses are sent through an flip flop will soon be reset by sections both work, but the 

look for a character clock AND gate to clock the two the next character clock memory either won’t enter 

(1000 pulses on the screen) at divide by five circuits. If pulse. This line is called char- data, won’t fill with spaces 

pin 11 of 25. Be sure that this nothing is clocking, check the acter position, and is used to when the clear line is brought 

is clocking the flip flops and clear lines to the flip flops put the cursor on the screen high, or is creating random 

the divide by 10 (ICs 30 and and the dividers. The output and to bring the write line of characters on the screen, the 
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Fig. 18. Next line blanking. 


memory section of the unit short period during an update randomly, be sure that there 

must be checked. First, if the cycle. If it does not, check are 1024 clock pulses at pins 

screen has a series of vertical back through the circuit for 11 and 3 of 19. If there are 

white lines on it, check pin the two write lines to see 1024 pulses per frame (on the 

11 of 53 for a low. If it is not where they stop working. If screen), you must check the 

low (it should go high for a everything is OK so far, you high level clock pulses from 

brief period to display the will need an oscilloscope to the clock driver with an oscil- 

cursor), the character gener- check the outputs of the loscope. 

ator chip is not enabled and clock drivers, circuit 45. If everything works except 
all ones will appear at its There should be very little the next line blanking, be 

output. If this is not the overshoot on these two sure that you did not jumper 

problem, check all of the clocks, and they must swing the NLB pads on the circuit 

TTL level clocks such as LI, from about +5 to -12. Do not board, which will cause the 

01, 02, A clock, and the line look at these high level docks next line blanking feature to 

clock. If these seem all right, with self-test. If this was be turned off. If the feature 

check to be sure that the done, circuit 56 must be re- works with a line feed but 

write line (pin 5 of circuits placed. If the screen has a lot not for a character in the first 

46-51) goes high for a very of characters that are shifting position, move the cursor to 
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the first position of any line 
and check for a short pulse at 
pin 8 of 42. There will only 
be one pulse per frame. If it is 
not there, be sure that pin' 2 
of 40 is not always grounded, 
causing the flip flop to stay 
cleared, and that the same 
flip flop is being clocked at 
pin one. If that pulse is OK, 
see if it is getting through if it 
is during an update or line 
feed cycle (any cycle) or is 
the cycle after such. Pin ,9 of 
28 goes low for the cycle 
after any cycle. The pulse at 
pin 8 of 28 sets a set/reset 
flip flop, circuit 43, at pin 8, 
which brings the write line 
high. The line goes low when 
the K clock comes again. If 
the unit does not blank the 
next line after an LF cycle, 
see if the flip flop, circuit 43, 
is being set at pin 2, making 
pin 4 go high. If it is not, be 
sure that pin 5 is not always 
high, holding it reset. If pin 9 
of 24 is always low, be sure 
that pin 10 of that circuit is 
not pegged low, keeping the 
flip flop cleared. The output 
of this flip flop also goes to 
set the write line high for one 
line. 

If you find that a circuit is 
"bad," first check the follow¬ 
ing things: 

1. That the power 
supply and ground are 
at acceptable levels on 
the chip. 

2. That all of the 
input signals are within 
TTL specifications (low 
is less than .8 V; high is 
greater than 2.4 V). 

3. That there are no 
unsoldered pins to the 
circuit, and no etch or 
solder shorts between a 
wire running to the 
chip and something 
else. 

A large number of 
problems can be solved by 
checking these things before 
replacing an integrated cir¬ 
cuit. 

Operation 

All connections to the 
keyboard and video monitor 
are through a DIP plug and a 


Fig. 19. Memory. 









phono plug, respectively. The 
phono plug goes directly to 
the input of your monitor. It 
is the 2.25 V composite video 
signal whose svaveform was 



given in Fig. 3. 

The other connector con¬ 
sists of a 16 pin DIP socket 
soldered to the board, along 
with a cable that has a plug 


which will fit the socket. The 
cable's wires correspond to 
the pins on the plug as is 
shown in Fig. 9. 

The signals that are avail¬ 


able at the socket are listed in 
Fig. 19, the m emory 
schema tic. The strobe 

received signal is an output 
that acknowledges receipt of 




































































































































































Fig. 20. PC board and component layout. 


the strobe signal. It is a very 
short pulse that is used by the 
input options as well as some 
types of keyboards. Bringing 
CLEAR high will empty the 
screen and move the cursor to 
the upper left hand position. 
Sometimes, because the logic 
comes up in random stales, 
the unit will have to be 
cleared before it will operate. 

FWD/BKWD is an input 
that decides in which direc¬ 
tion the cursor will move. If 
it is high, the cursor will 
move forward or down, while 
if it is low the cursor will 
move backward or up. 

If you have an input 
option there is another DIP 
socket on the small option 
board which matches the one 
on the main board. The cable 
in this case had a DIP plug on 
both ends. 

Modification of Your Tele¬ 
vision 

WARNING: Do not attempt 
to use as a video monitor any 
television that has one side of 
the ac line connected to the 
chassis or to ground. To con¬ 
nect such a television will 
probably cause major damage 
to your display unit. The 
modification procedure is 
simply a matter of capaci- 
tively coupling the video 
output from your display 
unit to the first video ampli¬ 
fier stage of your television. 

If you have a transistor 
television, use the circuit of 
Fig. 10 as a guide for the 
modification. If you have a 
tube type set, the circuit of 
Fig. 11 can be used. 

With the tube type tele¬ 
vision, a higher voltage may 
be required to provide ade¬ 
quate contrast. A video 
amplifier can be inserted 
between the video output and 
the capacitor to solve this 
problem. With either set, 
there is a small possibility 
that it requires positive sync 
polarity. Since the data is 
transmitted with negative 
sync, a video inverter must be 






RTTY/COMPUTER DISPLAY 
A 25 line X 40 character display 
unit which can be used with any 
tv monitor or modified tv set. 
Complete system on one board in¬ 
cluding provision for power sup¬ 
ply. 

See construction article by Jeff Roloff 
in July issue of 73 Magazine 

TVT-2540-100 39.95 

Board only 

TVT -2540-200 119.95 

Board with all components 
less power supply comps. 

TVT -2540-300 139.95 

Board with all components 
including power supply comps 

TVT -2540-BSI 34.95 

Baudot serial input board kit 

TVT-2540-ASl 27.95 

ASCII serial input board kit 

Add $1.50 shipping, handling, insurance. 


TV TERMINAL III 

Displays 16 X 32 lines on tv monitor or 
modified tv set from ASCII code input. 
Two pages of memory with provision 
for adding two additional pages. 

TVT III 134.95 

Complete kit 

Add $1.50 shipping, handling, insurance 

RM and C-MOD 6800 and 8080 systems 
available. Complete systems starting at 
$279.95 

Surplus keyboards, power supplies, and 
fans available from stock 

ALTAIR - complete line of Altair com¬ 
patible boards available. 

Lowest prices and most complete line of 
computer kits in the industry. 

Send stamped, self addressed envelope 

MiniMicroMart 

1618 James Sireet 
Syracuse. New York 13203 
(316) 422-4467 
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inserted between the display 
unit and the television. 

Assembly: General Informa¬ 
tion 

The circuit boards used in 
the 3320 display system are 
all double-sided with plaled- 
through holes. Because of this 
you only have to solder the 
components on the bottom 
of the board. The plated- 
through holes make the con¬ 
nection to the top of the 
board. The components 
should be soldered with a low 
wattage (40-60 W), moderate 
temperature (approximately 
750°) soldering iron. The iron 
should also be grounded 
when soldering the MOS inte¬ 
grated circuits. This is not 
absolutely necessary, 'how¬ 
ever. 

Be sure to mount all inte¬ 
grated circuits according to 
their pin one mark, not their 
lettering. Occasionally a 
circuit is lettered upside 
down. Most ICs are printed 
with both a part number and 
a date code. The date code 
consists of the year and the 
week that the circuit was 
produced. Example: January 
30,1977=7705. 

The placement of the part 
number and date code for 
most circuits is shown in Fig. 
12 . 

Also, be very careful to 
prevent solder shorts. This 
type of problem is very diffi¬ 
cult to find later, so if it is 
done with care now it will 
save you a lot of time when 
troubleshooting. 

Note that all pin one 
markers on the integrated 
circuits are towards the lower 
left hand corner of the board, 
except for circuit 44, which is 
toward the lower right hand 
corner. IC1 must be a Texas 
Instruments circuit; otherwise 
you are not assured that your 
master clock will oscillate. A 
square pad on the top of the 
board indicates the cathode 
(banded) end of diodes and 
the positive end of electro¬ 
lytic capacitors. 


Be sure to jumper the two 
terminals marked “A elk" near 
circuit 1. If you ever want to 
run your display off an 
external clock, break the 
jumper and connect the 
external clock to the lower 
pad. Also jumper the correct 
pads between circuits 41 and 
42 corresponding to the 
polarity of your strobe pulse. 
If you are running off an 
external power supply, wire 
your power supply to the 
circuit side of the three sets 
of pads marked +5, -5, and 
-12. Also jumper pads D and 
E to connect the shift register 
to the buffer transistor. 

A phono jack is installed 
in the % inch hole, and a 
jumper is made between its 
center and the pad on the 
bottom of the board marked 
VIDEO. Connection to your 
monitor can be made using a 
phono plug and some 
RG-174U cable. 

If you are going to use the 
on-board power supply, 
follow the parts placement 
diagram shown in Fig. 20. Be 
sure to mount the 7912 and 
the MJE370 transistor on 
heat sinks. The two 7805 
regulators must be mounted 
at right angles to the board, 
and must be attached to a 
heat sink at least 4" x 9” x 
1/16", if aluminum. To 
mount the regulators to the 
board, bend the leads (where 
they taper off) at a 90° angle. 
Then put some solder on each 
of the leads, along with the 
pads on the circuit board 
where they will be mounted. 
Then set one regulator on the 
circuit board and, one by 
one, heat the leads so that the 
solder melts and attaches the 
lead to the board. 

. Solder the transformer 
leads to the off-board molex 
connector using the configur¬ 
ation shown in Fig. 13. Two 
.001 disc capacitors should be 
placed across the power line 
to prevent high frequency 
noise from leaving the unit 
through the line. ■ 




James Whitfield 
PSC Box 3204 

\ / - Edwards AFB CA 93523 

Your Computer 

Can Talk Morse 


--even a computer 


S o you have that new¬ 
fangled "computer" in 
your shack. You are through 
with the headaches of wiring 
it and you have gotten past 
the frustration of program¬ 
ming it to type out your 
name. You are even to the 
point that you understand 
some of the games that came 
with it so well that you can 
cheat the machine. What’s 
that? You want to try some¬ 
thing else? How about calcu¬ 
lating Oscar orbits? No. Well 
... how about true bearings 
and distances to DX contacts 
from longitude and latitude 
information? No? You want 
it to do something, not just 
arithmetic. 

I’ve got it! You've been 
wanting one of those key¬ 
board to Morse code units. 
Why not program the com¬ 
puter to convert ASCII to 
Morse? Then you could send 
prepared text, CQs, or just 
copy from the keyboard that 
you have. Say again, OM? 
How? Oh, sure, I remember a 
few ways to convert data. 
OK. Here goes ... 

First, you need a method 
of generating the Morse char¬ 
acters. You need some way 
for the computer to turn a 
relay or TTL circuit on and 


off. From there, you can 
drive the keyed circuit in 
your rig. Sorry, I can’t help 
you with the hardware. 
Maybe one of the other fellas 
can help. 

Next, you need some way 
to time the on and off 
periods. A timing loop. You 
never heard of a timing loop? 
Every instruction in the 
machine takes a certain 
amount of time, right? Let’s 
assume that we have a routine 
(a short program segment) 
that will place a number in a 
register, then subtract one 
from the register, then check 
to see if the number left in 
the register is zero. If the 
result is not zero, the routine 
returns to the subtract 
instruction. If it is zero, then 
it executes the next step of 
the program. 

What has the routine 
done? Nothing, really, but 
that is the point. The com¬ 
puter has been twiddling its 
thumbs for as long as it takes 
to count down that register. 
Now, if it takes 30 micro¬ 
seconds to subtract one from 
the register, test the register 
for zero, and branch back to 
the subtract instruction; then 
by changing the number that 
you start with, you can adjust 
the timing. (If you start with 



Fig. 1. 


can learn the code! 


12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 


45 

46 

47 

48 

49 

50 

51 

52 

53 

54 


Character Table 


N 

O 

P 

Q 

R 

S 


W 


double dash- 

understood 

attention 


9 

comma , 
period . 
question mark ? 
semicolon ; 

parenthesis () 

dash - 
fraction bar / 
apostrophe * 

end of message 
end of work 



Value Table 
13 
87 
119 
23 

117 

31 

85 

5 

253 

55 

93 

15 

7 

63 

125 

223 

29 

21 

3 

53 

213 

61 

215 

247 

95 

855 

469 

884 

1023 

1021 

1013 

981 

853 

341 

343 

351 

383 

511 


1525 

1911 

1407 

3575 

1885 

3415 

471 

2045 

173 

477 

3541 

0 

21845 


Table 1. 
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6000 that will give 6000 x 30 
usees = 180,000 usees or 180 
msecs.) 

Now, suppose that we take 
a number, like 117, and 
divide it by 4 (generating the 
quotient and the remainder). 
Q = 29; R = 1. If the re¬ 
mainder is a 1, send a dit; if it 
is a 3, send a dah. Now take 
the quotient and divide it by 
4. Q = 7; R = 1. Again we 
send a dit. Divide the 
quotient again by 4. Q = 1; R 
= 3. This time we send a dah. 
Again, divide by 4. Q = 0; R = 
1. Another dit. Divide again 
by 4. Q = 0; R = 0. This time 
the result is zero, which is the 
signal to stop sending the 
character. Dit dit dah dit 
came out F the last time I 
heard it. 

Table 1 contains two lists. 
The first is a list of char¬ 
acters. The second is a list of 
the numbers that correspond 
to the characters in the first 
list. Notice that some of the 
characters do not have ASCII 
symbols. You will have to 
assign them some arbitrary 
symbol from your keyboard 
if you want to use them. 

Now, to convert the ASCII 
code to the number set that I 
have shown you. There are 
two ways to program the 
computer to look down the 
table of numbers. The first is 
to treat the ASCII character 
you are trying to convert as a 
binary number that can be 
modified by arithmetic into 
another number that will 
specify to the program the 
position in the number table 
of the proper number for the 
original ASCII character. It is 
not really as complicated as it 
sounds. 

The second method is to 
have a second table in the 
computer that contains 
ASCII characters in the order 
shown in Table 1. The pro¬ 
gram then steps down the 
character table looking for 
the proper ASCII character. 
When it is found, the program 
then looks the same number 
of steps down the number 
table, and there it is! 

The only thing left to do is 
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get the next ASCII character, 
and start the table lookup all 
over again. 

Table 2 shows the 
FORTRAN program that I 
used to verify the method. I 
took out the machine depen¬ 
dent portions to make the 
method easier to understand. 
For those of you not familiar 
with FORTRAN, the pro¬ 
gram statements that begin 


with C are comments and are 
used to explain or clarify the 
preceding instructions. The 
CALL statement tells the pro¬ 
gram to turn control over to a 
subroutine (a program seg¬ 
ment that performs a task 
and then returns to the point 
after where it was called). 
The variable names that are in 
parentheses following the 
subroutine name are called 


arguments and are used to 
pass information from the 
main program and the sub¬ 
routine. 

The GO TO 50 statement 
tells the computer to take its 
next instruction from the 
statement that is labeled 50, 
which I did not include in 
this portion of the program. 
The string of asterisks 
(usually called stars because 


Table 2. 


C 

C AT THIS POINT THE ASCII CHARACTER TO BE CONVERTED IS IN I 

C 

CALL TBL (1,10 
C 

C TBL IS THE TABLE LOOK UP SUBROUTINE 

C K CONTAINS THE MORSE WORKING NUMBER UPON RETURN 

C 

CALL MORSEIK.M1 .M2.) 

C 

C MORSE IS THE SUBROUTINE THAT GENERATES THE MORSE CHARACTER 

C Ml ISTHE LENGTHOP A DITIN MILLISECONDS (1200 MS/SPEED IN WPM) 

C FOR THE SPEED THAT THE CHARACTER IS TO BE SENT. 

C M2 ISTHE LENGTH OF THE PAUSE BETWEEN CHARACTERS (1200MS/WPM) FOR 

C USE IN MAKING PRACTICE TAPES WITH EXAGGERATED PAUSES. 

C 

GO TO 50 
C 

C OBTAIN THE NEXT ASCI I CHARACTER 

C 


SUBROUTINE TBL(I,K) 

DIMENSION ICHAR(54),NUMBER(54) 

C 

C THIS SUBROUTINE SCANS THE TABLE OF ASCII CHARACTERS IN ICHAR FOR 

C A MATCH TO THE CHARACTER IN I. ON A MATCH IT RETURNS THE 

C CORRESPONDING MORSE WORKING NUMBER FROM NUMBER IN K. NON-MATCHES 

C ARE CONSIDERED ERROR CHARACTERS. (THE 54TH CHARACTER) 

C 

DATA ICHAR/ 1 HA.1 HB.1 HC,1 HD.1 HE.1HF.1 HG.1 HH.1 Hl,l HJ.l HK.l HL.I HM 

1 1 HN.1 HO.1 HP,1 HQ.1 HR.1 HS.1 HT.1 HU,1HV,1 HW,1 HX.I HY.1 HZ,I H=,1 H A, 

2 1 H@.1 HO.1 HI .1H2.1H3.1 H4.1 H5.1 H6.1 H7.1 H8,l H9.1 H..1 H..1 H?,l H;. 

3 1H:,1H(,1H",1H-,1H/,1HMH%,1H+,1H*.1H.1H# /. 

4 NUMBER/13.87.119.23,1.117.31,85,5.253,55.93,15.7.63.125,223.29, 

5 21,3.53,213.61.215.247,95,855,469.884,1023.1021,1013,981,853, 

6 341.343.351.383,511.3935.3549,1525,1911,1407,3575,1885.3415, 

7 471,2045.173.477.3541.0.21845 / 

C 

DO 5 J=1,53 

IF(ICHARU).EQ.I) GO TO 7 
5 CONTINUE 

J=54 

7 K=NUMBER(J) 

RETURN 

END 

SUBROUTINE MORSEIK.MI ,M2) 

C THIS ROUTINE CONVERTS K INTO MORSE ON AND OFF PULSES 

C 

IF(I.EQ.O) GO TO 20 
C 




nobody can say that other 
word) indicates that there is 
more to the program that is 
not included. 

The SUBROUTINE state¬ 
ment identifies the coding to 
the next END statement as a 
subroutine with the name 
specified, and is completely 
independent of all other 
coding. The DIMENSION 
statement indicates that 


1CHAR and NUMBER are 
arrays or tables with 54 ele¬ 
ments. The DO loop, 
indicated by DO 5 J=1,53, 
states that J is to be set to the 
value 1, (then) all statements 
up to and including the one 
labeled 5 are to be executed, 
(then) the value of J is to be 
increased by one and the 
statements are executed again 
and again. After the state¬ 


ments have been executed 
with the value 53 in J, then 
the next statement after 5 is 
performed. The IF statement 
means that if the Jth element 
of ICHAR is equal to I, then 
jump out of the loop and 
take the next instruction 
from 7. The statement 
between 5 and 7 insures that 
an ERROR character (ele¬ 
ment 54 of the tables) is used 


C CHECK FOR A BLANK 

C 

10 J=MOD(l,4) 

C 

C FINDTHE REMAINDEROF 1/4 

C 

1=1/4 

C 

C FINDTHE QUOTIENT 

C 

IF(J,EQ.O) GO TO 15 
C 

C CHECK FOR END OF CHARACTER 

C 

CALL ON 

C TURN ON THE CIRCUIT 

CALL WAITIM1 *J) 

C WAIT FOR Ml X J MILLISECONDS J=1 DIT J=3 DAH 

CALL OFF 
CALL WAIT (Ml) 

C TURN IT OFF FOR Ml MILLISECONDS 
GO TO 10 

C CHECK FOR NEXT DIT OR DAH 

C 

15 CALL WAIT{ M2* 2) 

RETURN 

C END THE CHARACTER AND RETURN FOR NEXT 

C 

20 CALL WAIT(M2*4) 

RETURN 

C SEND AN INTER-WORD SPACE 

C 

END 

SUBROUTINE WAIT(N) 

C 

C THIS SUBROUTINE WAITS N MILLISECONDS BEFORE RETURNING. 

C 

DO 5 1=1 ,N 
C 

C AT THIS POI NT INSERT ANY ROUTINE THAT REQUIRES 1 Ml LLISECOND TO 

C PERFORM. IF K IS CHOOSEN PROPERLY, USE THIS- 

C DO 6 J=1,K 

C 6 M=K 

C 

5 CONTINUE 

RETURN 
END 

SUBROUTINE ON 
C 

C THIS SUBROUTINE TURNS ON THE KEYED CIRCUIT. IT MAY HAVE TO BE 
C WRITTEN IN MACHINE LANGUAGE. 

RETURN 

END 

SUBROUTINE OFF 
C 

C THIS SUBROUTINE TURNS THE KEYED CIRCUIT OFF. IT MAY HAVE TO BE 

C WRITTEN IN MACHINE LANGUAGE. 

C 

RETURN 

END 


if no match causes the jump 
out of the loop to statement 
7. Statement number 7 puts 
the proper value into K and 
the routine is finished. This is 
indicated to the computer by 
the RETURN statement. 
Again the END statement is 
used to show the limit of the 
subroutine. 

In the subroutine MORSE 
the argument K is transferred 
into the dummy or working 
variable I, and is then 
checked to see if it is zero 
(indicating a blank). The next 
statement uses the 
FORTRAN-supplied function 
MOD that performs modular 
arithmetic of the first argu¬ 
ment by the second. (It finds 
the remainder of I divided by 
4.) 1=1/4 places the quotient 
of I divided by 4 back into I. 
That sets I up for the next 
pass through the loop. The 
remainder is then check for 
zero, which indicates the end 
of the character. The keyed 
circuit is then turned on by 
the subroutine ON. The call 
for the subroutine WAIT 
demonstrates that 
FORTRAN allows the pro¬ 
grammer to specify an arith¬ 
metic operation inside the 
argument list. In this case J is 
to be multiplied by Ml and 
the result is then used as the 
argument to the subroutine. 
The value of J (either 1 or 3) 
times the number of milli¬ 
seconds to wait for a dit will 
generate the proper spacing 
needed. OFF is used to (what 
else) turn off the keyed 
circuit. 

The coding that I show for 
WAIT, ON, and OFF is 
intended only to illustrate the 
actions that they perform, 
not how to program them. 
There are far too many 
differences in the many com¬ 
puters around to attempt 
specifying any particular 
routine. 

As you may have guessed, 
this program was checked out 
on a large computer system. 
And you probably do not 
have a FORTRAN COM¬ 
PILER on your new system. 
That means that you will 
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have to write the program for 
your machine, but the 
method will work. 

Come to think of it, you 
don't have to have your own 
computer, if you have access 
to one. A short length of wire 
near the right indicator lamp 
or other circuit, combined 
with the right timing loop, 
will pick up an rf signal that 
can be used to drive a circuit. 
This does require two timing 
loops, one with rf and one 
without. One school in the 
Army uses a transistor radio 


set next to an IBM 1401 
computer to generate its code 
practice tapes. 

Well, I hope you have fun 
programming your computer. 
What's that? What else can 
you do after that? Well, I was 
thinking about that. Of 
course on-off RTTY needs 
only a different table. FSK 
RTTY? Now if you had a two 
tone audio frequency oscilla¬ 
tor, you could drive that into 
the mike input to your SSB 
rig; of course, that’s 100% 
duty cycle and you might 


have to modify the power 
level some. I was thinking 
that, with about eight levels 
of gray (I mean eight stepped 
tones) and that SSB audio 
input scheme, why, we could 
generate some of the fanciest 
computer generated SSTV 
signals you ever saw. 

Morse with a computer. You 
know, I wrote some routines 
for that last week. It’s easier 
to do RTTY because the 
timing is all the same. Morse 
from an electronic keyer is 


not too bad, but I’m sure I 
found the way to copy even 
the poorest fist. Tonight? 
Aww, come on! It’s 2:00 am 
now and I gotta catch the bus 
for work by seven . .. What? 
Sure computers can draw 
things on the line printer - 
some can give better resolu¬ 
tion than a TV set. Record 
SSTV and print it out? Why 
not just print out QSL cards 
complete with addresses. 
Fully automated QSO? Yeah, 
but suppose the other guy is a 
computer, too? ... ■ 










Dick Whipple 
30 5 Clems on Drive 
Tyler TX 75701 


John Arnold W5CUD 
RFD 4, Box 5 2A 

I ♦ Tyler TX 75701 

Inexpensive 

Paper Tape System 


--using 5 level tape with 


computers 


S erious program develop¬ 
ment requires the use of 
nonvolatile mass storage of 
some type. Cassette tape 
systems are popular among 
computer hobbyists, and for 
good reason. Cassettes are 
convenient, inexpensive, and 
provide a high density 
medium for mass storage. 
Much has appeared in the 
literature concerning cassette 
recording techniques. The use 
of punched paper tape for 
mass storage has not been 

a. BAUDOT TAPS 



adequately treated, although 
it is readily available to 
hobbyists interested in 
Baudot equipment. Paper 
tape is not nearly as fast or as 
dense as cassette tape, but it 
ranks high in convenience and 
reliability. Programs can be 
stored on individual strips of 
tape and labeled for later use. 

The Model 19 Teletype 
comes with a 5 level paper 
tape punch and reader. The 
punch is mechanically linked 




Fig. 1. (a) Conventional Baudot paper tape as used in 
communications service, (b) Binary paper tape for use in 
computer applications. 


to the keyboard, so tape must 
be punched by hand. The 
keyboard and punch can be 
physically removed from the 
printing unit and used 
separately. The punch magnet 
requires a 100 volt at 1 Amp 
supply. The tape reader on 
the Model 19 is called a 
Transmitter-Distributor, or 
“TD” for short. A punched 
tape is drawn through one 
portion at a time, and a 
mechanical parallel to serial 
conversion produces the 
correct teletype (TTY) signal. 
The tape is read at 60, 65, or 
75 words per minute, as 

DATA CODE 

Octal Baudot Equivalent 
000 <BLANK > 

001 < E > 

002 < LF > 

003 <A> 

004 < SPACE > 

005 <S> 

006 <1 > 

007 <U> 

010 <CR > 

011 <D> 

012 <R> 

013 <J> 

014 <N> 

015 <F> 

016 <C> 

017 <K> 


determined by a gear set 
inside. The TD is usually con¬ 
nected in series with the key¬ 
board contacts, so that either 
can be used to generate TTY 
signals. This is a satisfactory 
arrangement for computer 
operation. 

With Model 19 equipment 
alone, you will not be able to 
make paper tapes under com¬ 
puter control. For this capa¬ 
bility you will need a Model 
14 Typing-Reperforator. The 
Model 14 accepts standard 
Baudot TTY signals and 
punches a corresponding 
paper tape. In addition to 

CONTROL CODE 
Octal Baudot Equivalent 

020 <T> 

021 <Z> 

022 < L > 

023 <W> 

024 < H > 

025 < Y > 

026 <P > 

027 < Q > 

030 <0> 

031 < B > 

032 <G > 

033 < FGS > 

034 <M> 

035 < X > 

036 <V> 

037 < LTR > 


Table 7. 








punching, it prints the in¬ 
coming characters in "ticker 
tape” fashion. You may 
wonder how it prints on a 
tape full of holes. Nothing 
extraordinary here: The 
paper tape is chadless (that is, 
the holes are not punched all 
the way through). By the 
way, Model 14s come in a less 
expensive non-typing version, 
also. If you already have 
printer capability, this would 
be a good choice. Model 14s 
of both types are readily 
available on the surplus 
market. 

The Model 14 can easily 
be connected into the com¬ 
puter I/O system. Since it 
accepts standard TTY signals, 
it may be connected in series 
with the selector magnets of 
the Model 19 printer. 

Paper tapes can be 
punched with two basic for¬ 



mats: Baudot and binary. 
Baudot tapes record the 5 
level Baudot code in five hole 
positions across the width of 
the tape. Actually, there is a 
sixth smaller hole (called the 
“sprocket” hole), but it is 
only used for drive purposes. 
With the Baudot system, a 
“hole” is regarded as a 
"mark” and a “no hole" as a 
"space.” The orientation of 
the code is shown in Fig. 1. 
Baudot format is that used 
for communication purposes. 

Unlike Baudot, the binary 
format is not in common use. 
In such tapes, the five hole 
positions are used to record 5 
data bits. A “hole" represents 
a logic 1 and a “no hole," a 
logic 0. The hole position 
corresponding to the least sig¬ 
nificant bit is indicated in 
Fig. 1. 

In a computer environ¬ 


ment, Baudot paper tapes are 
useful for recording programs 
written in a high level 
language such as BASIC. 
Binary tapes, on the other 
hand, find greatest utility in 
preserving machine language 
programs. This is accom¬ 
plished by simply punching in 
tape an image of the memory 
area containing the program. 
The program can later be 
re-entered into the same area 
of memory by reading the 
paper tape with the proper 
software. The discussions 
which follow deal primarily 
with punching and reading 
binary tapes under computer 
control. 

The Altair 8800 and 
similar minicomputers have a 
basic word length of eight 
bits. Since a paper tape can 
record only 5 bits at a time, 
two read cycles are required 


to input the full data word. 
In this case, one bit of the 
five can be set aside for con¬ 
trol purposes, still leaving the 
required eight bits with two 
read cycles. Bit 5 is used for 
the control function in our 
system. When bit 5 is not 
punched, the remaining four 
hole positions are considered 
binary data representing half 
of an eight bit data word. The 
next character in the tape 
without a control punch is 
regarded as the second half of 
the data word. When bit 5 is 
punched, the remaining four 
bits represent a control code. 
Fifteen possible codes can be 
used to control various 
aspects of the reading 
program. In our system, one 
such code is used as the 
leader at the beginning of the 
tape and another serves to 
indicate the end of the tape. 




CONT 


000212 yyy 

000213 yyy 

MOV A, H 000214 174 

CMP D 000215 272 

JNZ 000216 302 

000217 226 

000220 000 

MOV A. L 000221 175 

CMP E 000222 273 

JZ 000223 312 

000224 246 

000225 000 

MOV A, M 000226 176 

CALL 000227 315 

000230 271 

000231 000 

MOV A. M 000232 176 

R LC 000233 007 

RLC 000234 007 

RLC 000235 007 

RLC 000236 007 

CALL 000237 315 

000240 271 

000241 000 

I NX H 000242 043 

JMP 000243 303 

000244 211 

000245 000 


Low part of Address 
High part of Address 
Check for end of 
Load 

Compare High 
Address 

If not same. Jump 
to CONT 
CONT (LOW) 

CONT (HIGH) 

Compare Low 

If same. Jump to 
END 

END(LOW) 

END (HIGH) 

Get memory byte 

CALLTAPEOUT 
ROUTINE (Special] 
TAPEOUT [Special] 
(LOW) 

TAPEOUT [Special] 
(HIGH) 

Get memory byte 
Reposition upper 


CALLTAPEOUT 
ROUTINE [Special] 
TAPEOUT [Special] 
(LOW) 

TAPEOUT [Special] 
(HIGH) 

Increment to next 
memory byte 
Jump back to 
AGAIN 

AGAIN (LOW) 
AGAIN (HIGH) 


END MV I A 

CALL 

MV I B 

LOOP2 MV I A 

CALL 

DCR B 
JNZ 

SELF JMP 

TAPEOUT ANI 
[Special] 

TAPEOUT PSH B 
PSH A 
CALL 


POP A 
POP B 
RET 


000246 076 

000247 020 

000250 315 

000251 273 

000252 000 

000253 006 

000254 120 

000255 076 


000256 037 

000257 315 

000260 273 

000261 000 

000262 005 

000263 302 


000264 256 
000265 000 
000266 303 

000267 266 
000270 000 
000271 346 

000272 017 
000273 305 
000274 365 
000275 315 

000276 042 
000277 000 
000300 361 
000301 301 
000302 311 


* TAPE READ PROGRAM 
' ■ TAPE PUNCH PROGRAM 


Load A with stop 
code < T > 

CALL TAPEOUT 
ROUTINE 


< LTR > for 
Leader 

< LTR > 

CALL TAPEOUT 
ROUTINE 
TAPEOUT (LOW) 
TAPEOUT (HIGH) 
Decrement Leader 


If not finished. 
LOOP2 

LOOP2 (LOW) 
LOOP2 (HIGH) 
Jump to SELF to 


SELF(LOW) 

SELF (HIGH) 

Mask off upper four 


Save A 

CALL OUTPUT 
ROUTINE 
OUTPUT (LOW) 
OUTPUT (HIGH) 
Restore A 
Restore B 
Return to calling 
program 


Other uses can be made of 
the control code as well. 
Suppose you wish to send the 
computer a 16 bit memory 
address. You could prefix the 
four data characters with a 
special control code that 
would cause the reading 
program to branch to an 
appropriate subroutine. Table 
1 gives the data and control 
codes both in octal and their 
Baudot equivalent. 

As further* illustration, 
consider the implementation 
of paper tape on our Altair 
8800 system. A Model 19 TD 
is series connected with the 
keyboard and a Model 14 is 
series connected with the 
selector magnets of the 
printer. We chose two control 
codes: 037 octal for the 
leader and 020 octal for the 
end of the tape. As previously 
indicated, two character 


positions are required to store 
the contents of one memory 
location. The first contains 
the least significant four bits 
while the second contains the 
most significant four bits. If 
the leader is encountered 
within data, it is ignored. This 
makes it possible to correct a 
bad punch by simply over- 
punching with all holes. 

The programs we use to 
punch and read binary paper 
tapes are given in Fig. 2. The 
punch program requires the 
beginning and ending 
addresses of the memory area 
that is to be stored on tape. 
The read program needs only 
the beginning address, since 
the end is signalled by an O^O 
punch. 

The punch program is used 
in the following manner: The 
beginning and ending 
addresses to be dumped to 


tape are placed at 000207 
and 000212, respectively; 
location 000170 is examined; 
and the RUN switch is 
toggled. The program gen¬ 
erates a number of 037s for 
the leader. The contents of 
consecutive memory loca¬ 
tions are then punched. At 
the end of the tape, an 020 
octal is punched, followed by 


an additional leader. Final 
termination of the program 
occurs in a tight loop (i.e., an 
unconditional jump to itself). 
At this point, the STOP 
switch may be toggled. 

The tape reader program is 
used in the following way: 
The address where the tape is 
to begin storing data is loaded 
at 000127; location 000123 



Fig. 4. (a) Binary paper tape made by punch program, (b) 
Printout of modified version of punch program, (c) Memory 
area used for sample run. 
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EXPLANATION 



• PLUG DIRECTLY INTO 8800 or 8800 BOARD COMPATIBLE SYSTEM • 

520 nS ACCESS AND CYCLE TIME • LOW POWER (LESS THAN 225 mA/1K 
at 5 VOLTS) • 100% NEW INDUSTRIAL COMPONENTS • EASY INTERFACE 
TO HOME BREW • 50/50 GOLD PLATED EDGE CONTACTS • EPOXY BOARD 
WITH PLATED THRU HOLES • 8K or 4K WITH EXPANSION • SOCKET 
PROGRAM 4K or 8K ADDRESS SLOT • DETAILED ASSEMBLY AND THEORY 


8K LOW POWER RAM KIT: 8KLST $285.00 
4K LOW POWER RAM KIT: 4KLST $159.00 
4K EXPANSION FOR 4KLST:4KXST $139.00 

PLUS SHIPPING 

ON DISPLAY AT 


WRITE TO DA VE (K6LKL) 

Dimes 


•CALIF. RES. ADD SALES TAX 
P.O. Box 9160. ‘MASTER CHARGE - OK 

Stockton CA 95208 ‘BANKAMERICARD — OK 


is examined; and the RUN 
switch is toggled. After exe¬ 
cution has begun, the TD is 
started with the tape in the 
beginning leader. When the 
program is finished, the front 
panel light pattern will 
change as a tight loop is 
entered. STOP may then be 
toggled. The program or data 
should be correctly stored in 
memory. 

In the event you have a 
Model 19 punch and TD but 
not a reperforator, you can 
still make programs by hand. 
Fig. 4 is a software modifica¬ 
tion that outputs Baudot 
characters to the printer as 
they should be punched by 
hand. The program supplies 
automatic carriage returns 
and line feeds. A “Z” is 
printed at the end of each 
line so that SPACEs may be 
detected. You will note in 
Table 1 that data codes 
include CR, BLANK, and LF 
(line feed). These would 
either confuse the printout or 
not be printed, so the modi¬ 
fication software makes the 



following substitutions: 


B is printed for BLANK 
L is printed for LF 
X is printed for CR 


Use the procedure outlined 
above for punching tape with 
the modification program 
loaded at 000271. The char¬ 
acters to be punched will be 
output to the printer in 
order. Then use the printout 
to hand punch the paper 
tape. A button on top of the 
punching unit can be used 
with the LTR key to punch 
all holes for error correction. 
When making the tape, be 
sure to use the LTR key to 
make the leader. This manual 
way of making a paper tape is 
quite tedious, but it will 
allow you to become familiar 
with the binary tape system. 
Fig. 4 shows a paper tape 
punched by the Model 14 
under computer control. Also 
shown is the printed output 
of the modified punch pro¬ 
gram corresponding to the 
same memory data. ■ 


MNEMONIC ADDRESS CODE 


TAPEOUT ANI 
[Special] 

TAPEOUT CPI 

JZ 

CPI 

JZ 

CPI 

JZ 

LXI D 

PRNTB MVI A 
LXI D 

PRNTL MVI A 
LXI D 

PRNTX MVI A 

PSH B 
CALL 

POP B 
LDA 

INR A 
STA 

ANI 

RNZ 
MVI A 

PSH B 
CALL 

MVI A 
CALL 

MVI A 
CALL 

POP B 


000271 346 

000272 017 
000273 376 

000274 000 
000275 312 

000276 313 
000277 000 
000300 376 
000301 002 
000302 312 

000303 316 
000304 000 
000305 376 
000306 010 
000307 312 

000310 321 
000311 000 
000312 021 

000313 076 
000314 031 
000315 021 

000316 076 
000317 022 
000320 021 

000321 076 
000322 035 
000323 305 
000324 315 

000325 042 
000326 000 
000327 301 
000330 072 
000331 364 
000332 000 
000333 074 

000334 062 
000335 364 
000336 000 
000337 346 

000340 077 
000341 300 
000342 076 
000343 021 
000344 305 
000345 315 

000346 042 
000347 000 
000350 076 
000351 010 
000352 315 

000353 042 
000354 000 
000355 076 
000356 002 
000357 315 

000360 042 
000361 000 
000362 301 
000363 311 



Check for 
<BLANK > 

<BLANK > 

PRNTB 
PRNTB (LOW) 
PRNTB (HIGH) 
Check for < LF > 

< LF > 

PRNTL 
PRNTL (LOW) 
PRNTL (HIGH) 
Check for <CR > 
<CR > 

PRNTX 

PRNTX (LOW) 
PRNTX (HIGH) 
Dummy: Skip 

Place<B>in A 

< B > 

Dummy: Skip 

Place < L> in A 

< L > 

Dummy: Skip 

Place < X > in A 
<X> 

Save BC 

CALL OUTPUT 
ROUTINE 
OUTPUT (LOW) 
OUTPUT (HIGH) 
Restore BC 
Place COUNT in A 
COUNT (LOW) 
COUNT (HIGH) 
Increment COUNT 

Store in COUNT 
COUNT (LOW) 
COUNT (HIGH) 
Check for end of 


Return if not 
Place <Z>in A 

< Z > 

Save BC 

CALL OUTPUT 
ROUTINE 
OUTPUT (LOW) 
OUTPUT (HIGH) 
Place <CR> in A 
<CR > 

CALL OUTPUT 
ROUTINE 
OUTPUT (LOW) 
OUTPUT (HIGH) 
Place < LF > in A 

< LF > 

CALL OUTPUT 
ROUTINE 
OUTPUT(LOW) 
OUTPUT (HIGH) 
Restore BC 


Fig. 3. Modification for Model 19 system only. 
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Gain forYour HT 

—a half wave whip ? 


A fter buying a two 
meter hand-held trans¬ 
ceiver which came supplied 
with only a helically wound 
flexible antenna, I decided to 
try a full length 'A wave 
antenna to see if it had any 
advantage compared to the 
‘‘rubber ducky." A 
temporary 'A wave antenna 
was quickly made using a 19 
inch piece of wire attached to 
an antenna connector. 
Although the "rubber ducky” 
had performed very well, and 
had the advantage of being 
compact, the longer antenna 
seemed to have the advantage 
of greater capture area and 
additional height. The 
improvement on both 
receiving and transmitting 
was indeed noticeable. 

Since better communica¬ 
tions is the name of the game, 
this little experiment led me 
to think that if a full length 'A 
wave antenna showed some 
improvement, then perhaps 
an extended length antenna 
would provide additional 


gain. Catalogs listed a wide 
selection of telescoping 
antennas for use in services 
outside the two meter band 
which could easily be 
modified. These come in 
assorted lengths and 
diameters, but the extremely 
long ones were ruled out as 
being unsuitable because they 
were too unwieldy for a 
hand-held set. Besides, there 
would be some difficulty in 
obtaining a good impedance 
match to the set. 

Three of the shortest ones 
were selected as being best 
suited for modification. 
These had the dimensions 
shown in Table 1. 

With the proper antenna 
connector (in my case an 
F-59), and a small loading 
coil to present a reasonably 
good match to the output of 
the transceiver, it is quite 
simple to modify any one of 
these antennas for two meter 
use. In each case a 2-1 /2 inch 
length of 1/2 inch OD, 3/8 
inch ID polystyrene tubing is 


BASE 

ANT. DIAMETER 

A 3/8" 

B 3/8" 

C 5/16" 


COLLAPSED 

LENGTH 

5-7/8" 

4- 5/8" 

5- 7/8' 


EXTENDED 

LENGTH 

43" 

39" 

36-1/2" 


Table 7. 



enclose the coil and to 
insulate the antenna from the 
grounded shell of the con¬ 
nector. All coils are wound 
with number 20 AWG wire 
on a piece of plastic tubing 
1-1/4” long by 5/16 inches in 
diameter. If soft plastic 
tubing is used for the coil 
form, the wire will hold tight 
and it will be easy to slip the 
polystyrene cover over it. For 
antenna A, wind 13 turns to 
cover the length of the form; 
for antenna B, wind 17 turns; 
and for antenna C, wind 19 
turns. Spacing along the 
length of the coil is not 
critical. 

One end of the coil is 
attached to the base of the 


antenna (all telescoping 
antennas used came with a 
small machine screw in the 
base). The polystyrene cover 
is then placed over the coil so 
that about 3/4 inch of the 
antenna base is inside the 
cover. The coil cover is held 
in place with epoxy cement. 
When the epoxy has cured, 
attach the other end of the 
coil to the antenna connector 
(F-59, BNC, etc.), and 
cement the connector to the 
coil cover. Although not 
essential, a 3 inch length of 
shrink tubing placed over the 
coil cover and antenna base 
will add to the appearance 
and help to strengthen the 
polystyrene tubing. 

All these extended length 
antennas have exhibited a 
remarkable improvement over 
the “rubber ducky," and a 
fair amount of gain over the 
'A wave whip. This has been 
most noticeable when work¬ 
ing simplex over a range that 
could not be reached with the 
"rubber ducky” or the full 
length 14 wave antenna. As I 
have said before, the name of 
the game is better communi¬ 
cations, so anything that can 
be done to enhance the low 
power of most hand-held 
transceivers is well worth the 
effort. ■ 





The Super Transmatch 

--match almost anything! 


T he transmatch type of 
antenna matching net¬ 
work has proved to be one of 
the most popular designs for 
transmitter to transmission 
line coupling or for direct 
transmitter to antenna coup¬ 
ling. It will match a wide 
variety of load impedances, 
including reactive as well as 
resistive loads. This article 
describes several modifica¬ 
tions to this network which 
further increase its usefulness, 
and various construction 
techniques which bypass the 
problems which may exist 
when one tries to economi¬ 
cally purchase the com¬ 
ponents needed for the net¬ 
work. 

Why Use a Matching Net¬ 
work? 

Many amateurs do not use 
a matching network between 
their transmitter and antenna 
transmission line, particularly 
when feeding coaxial line 
from a transmitter with a 
pi-network output circuit. If 
the transmission line has an 
absolutely flat swr of 1:1, a 
matching network does not 
add much (e.g., to a 52 Ohm 
transmission line working 
from a transmitter output 
designed for 52 Ohms). The 
matching network, being a 
tuned circuit, will only add a 
bit more of harmonic 
suppression, much like a 
simple low pass filter. But, 
most transmission lines do 
not have absolutely flat swrs 
of 1:1 over the entire fre¬ 
quency range of an antenna. 
This is particularly true for 
thin wire dipoles or other 
resonant antennas used on 
the low frequency bands, or 
for the various types of trap 
or loaded antennas when 
operation over an entire ama¬ 
teur band is considered. It 
could easily happen, depend¬ 



ing on the antenna type, that 
the swr is 1:1 at a particular 
operating frequency within a 
band and rise to 3:1 or 4:1 at 
the band edges. The result is 
that the transmitter will not 
load properly into these high 
swrs and reduced power 
output will occur. 

The use of a matching 
network will allow the trans¬ 
mitter to load properly at any 
frequency within a band, but 
it will not change the swr on 
the transmission line. It 
cannot do the latter since the 
swr is dependent upon how 
closely the transmission line 
impedance matches the impe¬ 
dance at the antenna 
terminals. The antenna 
terminal impedance varies, of 
course, with frequency, while 
the transmission line impe¬ 
dance remains fixed. So, why 
bother with a matching net¬ 
work? Simply because the 
transmitter can be loaded to 
full power output into the 
transmission line. A certain 
percentage of the output 


power will still be lost due to 
the swr, but that percentage 
remains fixed due to the swr 
- and more overall power 
will be radiated! 

Most amateurs are still 
using tube-type transmitters, 
but it is interesting to note 
that as more solid state trans¬ 
mitters and even solid state 
linears appear on the market, 
transmitter to transmission 
line matching is going to 
become much more critical. 
Most solid state power ampli¬ 
fiers, even in the HF ranges, 
employ broadband interstage 
and output circuits. They 
require no tuning, but they 
will deliver maximum power 
output only when connected 
to a resistive load with a very 
low swr. Even swrs of the 
range of 1.5:1 or 2:1 will 
severely reduce power 
output. Since most HF 
antenna/transmission line 
setups do not provide a com¬ 
pletely flat swr over the 
extremes of every band, it 
means that a matching 
network will usually be 
required between the trans¬ 


mitter and transmission line. 
In a sense, the tuning controls 
that one now associates with 
the output stage of a trans¬ 
mitter will be transferred to 
an external matching 
network. 

The Basic Transmatch 

The circuit of the basic 
transmatch is shown in Fig. 1. 
With the values shown, it will 
work from 80-10 meters and 
match a reasonably wide 
range of load impedances, be 
they a transmission line or an 
antenna directly. If a 
balanced transmission line or 
antenna is used, the output of 
the transmatch can be 
coupled to the load via a 
standard 1:1 or 1:4 toroid 
unbalanced-to-balanced trans¬ 
former. The rating of the 
components used depends, of 
course, upon the power level 
involved, and can range from 
receiver-sized components for 
the QRP level to 3/16” 
spaced variable capacitors for 
the 2 kW PEP level. Tuning is 
accomplished by the use of 
an swr bridge between the 


Fig. 1. Basic transmatch for 80-10 meters. 





matching network and the 
transmitter. On any given 
operating frequency, the 
capacitors are tuned to 
establish a 1 to 1 swr with a 
minimum amount of induc¬ 
tance being used. Several 
settings of the capacitors and 
inductance can achieve a per¬ 
fect match, but only the one 
with minimum use of induc¬ 
tance will provide a good 
match plus the most efficient 
transfer of power through the 
matching network. The com¬ 
ponents can be scaled down if 
operation over less than the 
80-10 meter range is desired. 
For 40-10 meter operation, a 
15 microhenry inductor will 
suffice. For 20-10 meter 
operation, the inductor can 
be 10 microhenries and each 
section of the capacitors need 
be only a 100 uF. 

Circuit Variations 

The basic transmatch 
circuit as described above has 
been in use by many ama¬ 
teurs for several years. How¬ 
ever, its ability to match even 
a wide range of loads can be 
further improved and the 
circuit can be configured to 
allow the choice of several 
matching network forms with 
the same number of com¬ 
ponents or with the addition 
of just one more component. 
The modified transmatch is 
particularly useful for 
coupling to extremely short 
antennas or to highly reactive 
loads, while still retaining the 
use of components of reason¬ 
able size. 

The modified transmatch 
is shown in Fig. 2. An addi¬ 
tional inductor of 10-15 
microhenries has been added 
and access points provided to 
more circuit components. 
Flexibility is provided by 
bringing the access points to 
binding posts and also by 
having the SO-239 connectors 
for the transmitter and trans¬ 
mission line (or antenna) 
brought to a binding post. 

Jumpers between the 
binding posts, which can be 
grouped in any convenient 
configuration, provide inter¬ 


Fig. 2. Modified transmatch provides a variety of matching 
network configurations and greater matching range. 


connection. Conventional 
transmatch operation is pro¬ 
vided by having the input to 

A, D grounded, and the load 
to C and L2 set for zero 
inductance. With very short 
antennas which the above 
configuration cannot match 
properly, the load is con¬ 
nected to B instead of C and 
L2 increased to provide 
proper loading. The network 
can be used as a form of 
pi-network by leaving D un¬ 
grounded, connecting the 
load to B and grounding C. 
Interchange of the input and 
output terminals (A and B) 
can also be tried. A conven¬ 
tional L matching network 
can also be formed. If one is 
working into a lower impe¬ 
dance than the transmitter 
output, C is grounded, the 
input goes to B and the load 
is connected to D. If working 
into a higher impedance, the 
input (transmitter output) 
goes to D and the load to B. 
A T matching network is 
formed by having A 
grounded, the input going to 
D and the load connected to 

B. Simple capacitive divider 
circuits can be formed in 
several ways (e.g., by ground¬ 
ing A, setting LI and L2 to 
minimum, connecting the 
input to C and the load to D). 

Several other circuit con¬ 
figurations can be arranged, 
and with patience just about 
any conceivable load can be 
matched. Obviously with 
such an array of matching 
circuit configurations avail¬ 
able, it becomes important to 
avoid confusion. Post H pro¬ 
vides a dummy load. The 
transmitter, if it has output 
tuning controls, is first con¬ 
nected to the dummy load 
and loaded properly. The 
drive can then be reduced to 
just enough to properly 
operate the swr meter con¬ 
nected between the trans¬ 
mitter and matching network. 
Various matching circuit con¬ 
figurations can then be tried, 
with the goal in mind to find 
one that provides a 1 to 1 swr 
and which utilizes a minimum 
amount of inductance in the 


matching network. This will 
take some patience at first (or 
when using a new antenna), 
but the settings of the com¬ 
ponents and connection 
points can be logged to 
expedite future tuning. When 
the transmitter drive is 
increased to normal level, 
some slight retuning of the 
settings of the components in 
the matching network will be 
required. 

The Components Struggle 

For QRP levels and powers 
up to about 50 Watts, regular 
BC type variable capacitors 
are usable. The inexpensive 
$1.29 types with teflon sheet 
insulation between the plates 
work quite well, and can be 
used to construct a truly 
compact matching network. 
Roller inductors are not 
necessary. B&W coil stock 
(3002 or similar) tapped 
every few turns can be used, 
or a coil can be easily home 
brewed using any plastic form 
of Vi diameter and wind¬ 
ing it with #16 wire. Hand¬ 
book formulas can be used to 
determine the turns and 
spacing needed for the induc¬ 
tance values given. Another 
possibility is to wind #18 
wire on an Amidon T-106, 
mix 2, toroid. About 40 turns 
are required for 28 micro¬ 
henries and about 30 turns 
for 15 microhenries. Every 
few turns should be tapped. 
The combination of the BC 
variables and toroid coils 
makes a good combination 
for a QRP matching network 
to be housed in a very small 
metal or plastic enclosure, 
not only because of size, but 
because the toroids are highly 
self-shielding. 

For the 50 to 200 Watt 
power level, one can, under 
the circumstance of not 
having to match extremely 
reactive loads, still use BC 
air-insulated variable capaci¬ 
tors and either coil stock, a 
home brew longitudinally 
wound coil, or a toroid 



wound coil. A suitable toroid 
for the latter would be 
Amidon T-200, mix 2, and it 
can be wound with #14 wire 
with the turns mentioned 
above. This would probably 
be the best approach to use if 
one were confronted with an 
antenna system which 
produces a fairly moderate 
matching problem (swrs in 
the order of 3 to 1 or 4 to 1), 
such as a thin wire dipole not 
loading properly into a trans¬ 
ceiver over the entire limits of 
the 80 or 40 meter band. 

However, if one wanted to 
have a matching network at 
the 50-200 Watt level which 
would just about load into 
anything going, including a 
12’ whip on 80 meters, a 
different approach has to be 
used. The variable capacitors 
should be rated at least at 
from 1000-1500 volt spacing. 
The inductors should be the 
roller type. Suitable such 
components, if purchased 
new, can be quite expensive. 
A better bet would be to find 
suitable components from a 
surplus outlet. Fair Radio 
Sales, for instance, frequently 
has available suitable capaci¬ 
tors and surplus roller induc¬ 
tors from the old ARC-5 
transmitter series. 

The 200 Watt-on-up power 
level presents a particular 
problem. It is difficult to 
believe that at this power 
level one would need a 
matching network to load 
into any sort of random 
antenna configuration. Again, 
for a moderate swr environ¬ 
ment and the 1 kW power 
level, probably the com¬ 
ponents specified for the 
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Fig. 3. Fixed capacitors can replace costly variables for high 
power operation. See text for details. 



extreme of the foregoing 
power level will suffice — 
1000 to 1500 volt rated 
variable capacitors and 
surplus ARC-5 roller induc¬ 
tors. However, if one does 
wish to build a 2 kW level 
matching network that will 
literally load into any sort of 
odd antenna system, either a 
brute force approach can be 
used or a modified one. The 
brute force approach is rather 
simple. The variable capaci¬ 
tors should be wide-spaced 
and rated at 3,000 to 6,000 
volts. The variable inductors 


should be Johnson type 
229-203 or similar. The 
inductors are available from 
surplus outlets. 

The capacitors present a 
different sort of problem. 
Although some 6,000 volt 
wide-spaced capacitors are 
available (from sources such 
as Fair Radio Sales or Barry 
Electronics, NYC), they are 
expensive ($25 range) and 
also consume a great deal of 
space. A modified approach 
to constructing a matching 
network for the 200-2000 
Watt level can be used to save 
on capacitor costs. Cl can 
consist of a modest 100 pF 
section wide-spaced variable, 
as can C2. Additional capaci¬ 
tors can then be plugged in or 
switched in across Cl and C2 
in 50 uF steps, so their total 
capacitance can be brought 
up to 250 uF. Note that to 
build up Cl only a single 
capacitor across it is needed, 


not a separate capacitor 
across each section of Cl. 
Another variation of the 
above theme which has been 
tried and which does work is 
to eliminate the variable 
capacitors altogether. Plug in 
or switched in capacitors 
(5,000 volt mica types) are 
used as shown in Fig. 3. It 
would be desirable to have as 
many plug in capacitors as 
possible to simulate the 
variables, but one should at 
least have enough to form 50 
uF steps up to 250 uF and 
one or two below 50 uF. If 
one knows what antennas the 
matching network will be 
used with on the various 
bands, a small variable can 
first be used, with low power, 
in the matching network, to 
establish the approximate 
value of the fixed capacitors 
for full power operation. 
With fixed capacitors, the 
variable inductors are used to 
tune for a match. L2 should 
always be used in series with 
C2. Probably a bit more 


inductance will be used than 
with having variable tuning 
capacitors. This will reduce 
the efficiency of the network 
a bit (and also, the fixed 
capacitors have more loss 
than air-spaced capacitors). 
With good quality com¬ 
ponents, however, and heavy 
strapping to interconnect 
components, the loss should 
be hardly discernible. 

This article has tried to 
present some ideas for adding 
more versatility to an already 
good matching network. 
Many construction tech¬ 
niques are possible at the 
various power levels, and by 
careful catalog and parts box 
searching, one should be able 
to build the network econom¬ 
ically. ■ 

Note: Dennis Hoffman, 
1291-A Garden Terrace, Fort 
Dix N] 08640, has available 
Johnson 28 uH kW level 
roller inductors at $15, and 
10uH inductors for $10 post¬ 
paid. 
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HffUSO 1 ® 


Horizon"2”, 

-12 channels/25 watts from- 

Standard 


WASHINGTON MO 
AUG t 

The Zero-Beaters ARC will hold 
their annual hamfest on Sunday, 
, August 1, at Washington, Missouri 
City Park. Free parking, auction, and 
bingo for the XYLs. No admission fee 


meyer WN0QBS, or Zero 
ARC, WA0FYA, Box 24, [ 
Mo. 63342. 





ASTROPOINTS 

/144-148 Mhz for Ham, CAP, & MARS yf 25 watts output (nom.) 
/12 channels, 3 included / .4 M V sensitivity 

/ Glass Epoxy Circuit Board / 70 db selectivity 

/TX and RX Trimmers / 3 watts Audio 

/ PL option / Built in speaker 

/ Tone burst option / Small size, 6" x 2" x 9" 

All this Horizon “2”mtr.,under“3” 

Get all the specs and complete Amateur Brochure, 
write today: 

* Standard 

Communications 

P.O. Box 92151 Los Angeles, California 90009 Telephone 213/532-5300 





























































An Authorized Bicentennial Program of 

73 MAGAZINE 



Own and Give the Double Eagle Pendant 
as a Permanent Keepsake 
of the Bicentennial-only $7. 95 


Two delicately chiseled majestic American eagles, symbolizing the first two 
hundred years of the United States of America, form the design of this beautiful 
keepsake authorized by the U.S.Histerieal Society. One eagle looks proudly to 



Acquire the official Double Eagle medallion or pendant for yourself, for 
members of your family and for your friends as a sign of your pride in America's 
past and your faith in her future. 



MICROCOMPUTER 
DICTIONARY AND GUIDE 
Charles J. Sippl and David Kidd 
This new microcomputer dictionary 
fills the urgent need for all com¬ 
munications people, computer 
people, engineers, scientists and 
industrialists to become quickly 
familiar with the terminology and 
nomenclature in a new revolution 
in computer control capabilities. 

Over 8000 definitions and ex¬ 
planations of terms and concepts 
(704 pages) relating to micro¬ 
processors, microcomputers and 
microcontrollers. There are also 
separate appendices on: program¬ 
mable calculators; math and sta¬ 
tistics definitions; flowchart sym¬ 
bols and techniques; binary number 
systems and switching theory; sym¬ 
bol charts and tables: summaries 
of BASIC FORTRAN and APL. In 
addition there is a comprehensive 
electronics/computer abbreviations 
and acronyms section. 

Price: S17.95 


CALCULATOR USER'S GUIDE 
AND DICTIONARY 

By Charles J. Sipp/ 

Contains comprehensive sections 
on (1) what's available in program¬ 
mable calculators in today's market 
— including comparisons (2) how 
to use most units ranging in price 
from $50 to $3000 (3) a 7000 
term dictionary section relating to 
calculators. 

Programmmable calculators are 
now the keyboard computers for the 
masses — easily understood and us¬ 
able by anyone who knows the 
terminology — students, business¬ 
men, professionals, etc. However, 
you would be wise to buy a calcu¬ 
lator ONLY AFTER READING THIS 
BOOK! Over 450 pages in all. 

Price: $9.95 


1 selected e/ectr 


MATRIX PUBLISHERS, INC. 

Dept. MS, 207 Kenyon Road 
Champaign, IL 61820 
Please send me the new MICROCOMPUTER 
DICTIONARY under your 15 day no risk trial 


pay all shipping and handling charges (Ml' 
customers add 5% sales tax) 


□ Microcomputer Dictionary 

□ Calculator User's Guide 











Sam Ke!:\ W6JTT 
12811 Owen Street 
(Harden Grove CA 92645 


Simple VHF Monitor 

— converter for a transistor radio 


T his little converter, when used with an 
inexpensive portable transistor radio, 
will monitor a wide range of VHF fre¬ 
quencies. It can be built in a few minutes 
using junk box parts. Even if the parts have 
to be bought, they will cost only a few 
dollars. It doesn’t provide communications 
receiver quality, but it is useful when tuning 
up a transmitter or for general coverage 
reception. It mounts next to the ferrite loop 
of the transistor radio to make up a com¬ 
plete receiving system. Reception over a 
wide range of frequencies is possible by 
altering the tuning coils. The components 
specified here cover the range of about 120 
to 150 MHz. This range provides a lot of fun 
in listening to aircraft radio communica¬ 
tions, the 2 meter ham band, and other 

The circuit, Fig. 1, is that of a regenera¬ 
tive converter. The incoming signal, tuned 
by the tank coil L-l and capacitor C-2, is 
mixed in the transistor with an oscillator 
frequency controlled by L-3 and C-7. The 
difference frequency is adjusted to fall in the 
standard broadcast band. 

The converter is built on a small piece of 
perforated board. Parts layout is not critical. 
However, all leads should be kept as short as 
possible and the oscillator and input tank 
coils should be mounted at right angles to 
each other. The completed assembly' is 
mounted in a small open backed metal box 
to minimize the effects of hand capacitance. 
Tuning is accomplished by drilling a ’A" hole 
through the box in line with the adjustment 
screw on the oscillator tuning capacitor. A 


small piece of 1/8" wooden doweling is then 
cemented to the tuning screw with a drop of 
Eastman 910 (or equivalent) cement- 

A small dual gang variable capacitor could 
be used but would be more expensive. 
Tuning of the input tank circuit is very 
broad and docs not require adjustment after 
it has been initially set. A hole could be 
drilled in line with C-2 to permit peaking, 
using an insulated screwdriver, after the unit 
is packaged. A BNC connector or RCA type 
female phonograph connector is mounted at 
the top of the box for connecting the 
antenna. Good reception on local signals was 
obtained with a piece of #14 wire 19” long 
for the antenna. 

Coils L-2 and L-4 can be 100 microhenry 
VHF rf chokes, or if you don’t have any in 
your junk box you can use TV peaking coils 
or simply scramble wind about 20" of fine 
wire on a 100k 'A Watt resistor. 

The completed converter is fastened to 
the back of the radio using vinyl tape or 


rubber bands. Placement is not critical, but 
try to locate coil L-3 as close to the ferrite 
loop as possible. I have had satisfactory 
results with the converter lying on the 
workbench a couple of inches from the 
radio! Connect the battery and turn the 
converter on. Tune the radio until a loud 
hissing sound is heard. Typically this will 
occur at at least two spots on the dial. Tune 
the receiver to the loudest hiss. Turn the 
converter power off to be sure that you are 
tuned to the output of the converter. Next 
tune in a signal with C-7 and peak C-2 for 
maximum signal strength. 

Tuning is best done with C-7, although a 
certain amount of peaking can be done with 
the transistor radio tuning. As with most 
regenerative type devices, a high level signal 
can readily capture the tuning. Although the 
converter has limitations, I have had excel¬ 
lent reception from aircraft over 200 miles 
away, and from ground stations up to 30 
miles away. ■ 



Fig. 7. Schematic of low cost VHF monitor. L-l: 4 turns #22 
wire on %” diameter form. Center tapped. L-2, L-4: See text, 
L-3: 4 turns #22 wire on >A“ diameter form. Q-1: NPN VHF 
transistor 2N2222 or equivalent. 



CLOCK KIT $14.00 



Includes all parts with MM5316 chip, 
etched & drilled PC board, transformer, 
everything except case. 

#SP284 $14 2/$25 


5 VOLT 1 AMP REGULATED power supply kit for logic work. All parts including 
LM 309K #PK-7 $7.50 

DUMMY LOAD resistor, non-inductive, 50 ohm 5 watts $1.00 

AA NICAD CELLS brand new, fine biz for handy talkies. $1.25 ea 9/89.00 

ASCII KEYBOARD brand new w/ROM chip, data package $45.00 


COMPUTER GRADE LOGIC SUPPLY CAPS, BRAND NEW 


47,000 Uf 

25V 

$2.00 

ST 

1,000 

50 

.90 

AL 

32,000 

25 

1.75 

ST 

3,300 

35 

1.25 

AL 

160,000 

10 

2.00 

ST 

1,600 

20 

.60 

AL 

66,000 

10 

2.00 

ST 

8,000 

16 

1.25 

AL 

1,000 

60 

.90 

AL 

500 

6 

.35 

AL 

2,000 

55 

1.00 

AL 

| "ST" screw top 

... "AL" axial 



LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 4% 
x 9Vs inches. $25.00 each 5/$110.00 


TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 2% x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/$25.00 



LINEAR by RCA, brand new, gold bond process. 


301 $ .60 

307 .52 

324 1.80 

339A 1.60 

741 .50 


747 $ .82 

748 .50 

1458 .96 

3401 .80 

555 timer .60 


MM5314 $3.00 

MM5316 3.00 

7001 8.00 




Please add shipping cost on above. 

P.O. Box 62 

E. Lynn, Massachusetts 01904 


FREE CATALOG 

SP-7NOW READY 

































jing replaced by the date of 

on the information available 
e use of the 2900-3700 MHz 


17. Accordingly, pursuant to authority 
contained in Sections 4(i) and 303(r) of the 
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HITEHOUSE& CO. 

17 Newbury Drive, Amherst, N.H. 03031 
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TRANSMITTING VARIABLES 

Millen 16250 dual 255pF 3kV.$43.25 

Millen 16520A single 200pF 3kV .. . 24.75 
Johnson 154-10 single 347pF 3 kV .. 34.60 

COUNTER DIAL 
Millen 10031, 0-99 turns 
readout with 0-100 vernier 
dial, ideal for transmatch, fits 
%" shaft $25.50 



TOROIDAL 

CORES 

(specify material) 
T-200 ...$3.00 


iiu JL- Millen 10039 ' 4 " x 3 - 9/32 " 

| j|L 714 to 1 ratio, mounts on 

front panel $12.30 

1 BARKER & WILLIAMSON 

MODEL 375 PROTAX^M 6-position coaxial switch, rear con tat 

MODEL 376 same as above, with side connectors . 

MODEL 425 TVI Filter, 1000 W. 

MODEL 350/2Q4 Audio Phase Shift Network. 

MODEL CC50 Dipole Antenna center coaxial connector. 





JOHNSON MINIATURE 
VARIABLES 


Millen 51001, 1 pole, 2 to 6 pos, 160-102 1.5 to 5 pF 

13kV flashover, 20 Amps $21.20 160-104 1.8 to 8 pF . 

160-107 2.3 to 14 pF 


ROTARY INDUCTOR 

Johnson style 229-203, 28 
mH $32.00 


229-203, 28 92200 2kW Antenna Tuner .$199 

$32.00 92201 300W Antenna Tuner .$138 

90652 Solid State Grid Dip Osc.$138 

NOW IN STOCK 

Transmitting Variables — Roller Inductors — Counter Dials 
Air Wound Coils — Couplings — Knobs - Receiving Variables 
Toroids — R.F. Chokes — Coil Forms and more 


Add $1.50 to each order for shipping and handling. Prices subject to change. 





























i—2 MEIEI CIWALS III STOCR—t 

We can ship C.O.D. first class mail. Orders can be paid by: check, money order. 
Master Charge, or BankAmericard. Orders prepaid are shipped postage paid. Phone 
orders accepted. Crystals are guaranteed for life. Crystals are all $5.00 each (Mass, 
residents add 254 tax per crystal). U.S. Funds Only 

We are authorized distributors for: Icom and Standard Communications Equip¬ 
ment. (2 meter) 

Note: If you do not know type of radio, or if your radio is not listed, give fun¬ 
damental frequency, formula and loading capacitance. 

LIST OF TWO METER CRYSTALS CURRENTLY STOCKED FOR 
RADIOS LISTED BELOW: 


1« Drake TR-22 

2«. Genave 

3«. Icom/VHF Eng. 

4*. Ken/Wilson /Tempo FMH 

5*. Regency HR-2A/HR212/Heathkit HW-202 


6». Regency HR-2B 
7*. S.B.E. 

8*. Standard 146/826 
9*. Standard Horizon 
10*. Clegg HT-146 


The first two numbers of the frequency are deleted for the sake of being 
non-repetitive. Example: 146.67 receive would be listed as - 6.67R 

1.6.01T 9.6.13T 17. 6.19T 2R S.31T 33. 6.52T 41. 7.03R 49. 7.15R 57. 7.27R 

2 6.61R 10. 6.73R 18. 6.79R 26. 6.91R 34. 6.52R 42. 7.66T 50. 7.78T 58. 7.90T 

3.6.04T 11. 6.145T 19. 6.22T 27. 6.34T 35. 6.55T 43. 7.06R 51.7.18R 59. 7.30R 

4.6.64R 12. 6.745R 20. 6.82R 2a 6.94R 36. 6.55R 44. 7.69T 52. 7.81T 60. 7.93T 

5.6.07T 13. 6.16T 21. 6.25T 29. 6.37T 37. 6.94T 45. 7.09R 53. 7.21R 61. 7.33R 

6. 6.67R 14. 6.76R 22. 6.85R 30. 6.97R 38. 7.60T 46. 7.72T 54. 7.84T 62. 7.96T 

7.6.10T 15. 6.175T 23. 6.28T 31. 6.40T 39. 7.00R 47. 7.12R 55. 7.24R 63. 7.36R 

8. 6.70R 16. 6.775R 24. 6.88R 32.6.46T 40. 7.63T 48. 7.75T 56. 7.87T 64. 7.99T 
CRYSTALS FOH THE IC-230 SPLITS IN STOCK: 13.851111 MHz: 65. 7.39R 

BACKIN 
STOCK! 


In icom 


C-22A ; 


Special! Only $249.95. Get 8 crystals of your 
choice for only $2.50 more with purchase of 
1C-22A. 

READY TO GO ON: 

1 94/94 3 22/82 5 52/52 

2 34/94 4 28/88 

RECEIVER: VHF FM 

Recaption Frequencies 22 channels for 144 MHz band. 144.00 to 148.00 MHz using 22 

Built-in crystal units for S channels. channels 

Reception System Double Superheterodyne Transistors.23 

Intermediate Frequencies 1st intermediate: 10.7 MHz FET.3 

2nd intermediate: 455 kHz 1C .3 

Sensitivity a. Better than 0.4 u v 20db quieting Diodes.16 

STORE HOURS: MON-FRI: 9A.M.-9P.M. SAT: 9 A.M.-6 P.M. 

BCeirago© jsSfa? ■* S 
Gommumiieattiioinis. 
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w Government Radiolocation Ser- 
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Hey, CBersl 

Read All About It! 
Hamming Is Fantastic! 











24 How Do You Use ICs? — fundamentals 
WA2SUT/NNN0ZVB 


28 



Surprising Minia¬ 
ture Low Band 
Antenna — the 
DDRR low noise 
antenna (part II 
Boyer 


A 98 Meaningful Conversations with your 
Computer — what those mysterious 
" languages " are all about 
WB2ZCF 

2 102 A Baudot Monitor/Editor System - 

program listing for the 8080 
Whipple, W5CUD 


2 106 A Logic Probe You Can Hear - 

good not only for the blind 
WA6HWJ 
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38 MINI-MOS - The Best Keyer Yet? - 
nothing Mickey Mouse about this one 
WA6EGY 


2 108 How Computer Arithmetic Works 

- do-it-yourself experiments 

W1HCI 


52 The Skinflint's Delight Breadboard — 

cheap imitation of a commercial 1C DIP 

board 

K7YGP/7 


56 More PLL Magic - like low frequencies 
for RTTY 
W9ZTK 


31 113 

Satellite Orbit Pre¬ 
dicting - using a 
pocket calculator 
W10DI 



60 The Logic Grabber - selected interval 
logic tracer (S.I.L.T.) 

WA3TCO 


68 Global Calculations for the DXer - 

using a hand calculator 
W2IAT 


70 Instant Counter Calibration — using your 
TVset 
K9POX 


72 Super Simple 450 MHz Rig - go ATV 

with a $42.50 module 
WB4YTU/W A9G VK 



2 82 

The First Com¬ 
puter-Controlled 
Ham Station — 

Grand Prize winner 
at the WACC! 
WA8VNP 


Id 90 The Which Chip Dilemma! - 4, 8, 
12, or 16 bits: pros and cons 
Pittman 


id 116 The Death of Negative (IBM) Logic 

— some fundamentals of logic de¬ 
sign 

W6KYP 

2 120... And on the Other Side - binary 
and octalization of decimals 
W3KBM 


2 122 Build the Safari RTTY Terminal — 

an active filter modem from Africa 
DL2SX/ZS6GG, ZS6JR 

2 128 Never Underestimate the NAND - 
introducing the 7400 quad NAND 
gate 

WB0JHS 


4 Never Say Die 
6 Letters 

8 Ham Help 

9 Repeater Update 

10 Contests 

16 New Products 
18 Looking West 
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27 Hamburglar 

27 Oscar Orbits 
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Robert Baker WA1SCX 
34 mite Pme Drive 
Littleton MA 01460 
























































































CLASSES: 

Single operator up to 100 Watts input: 
single operator over 100 Watts input: 
multi-operator single transmitter (anv 
power); SWLs. 

EXCHANGE: 

RS(T) and OSO number. 

SCORING: 

QSO points as follows: own country = 
5 points: other country in same con¬ 
tinent = 10 points; other continent - 
15 points. In USA, Canada, and 
Australia, each call district will be 
considered as a separate country. The 
same station may be worked once on 
each band but only RTTY QSOs 
count. Final score is total QSO points 
times the number of different ARRL 
countries and W, VE, and VK call 
districts on each band. SWLs use the 
same rules for scoring based on 
stations and messages copied. 
AWARDS: 

Awards will be issued to the top 
stations in each class, country, W, VE, 


indicating 
stations: RS 
SCORING FOR NON-ASIAN 
STATIONS: 

Count 1 point per Asian contact. 

eligible, sine 


NEW JERSEY QSO PARTY 
Contest Periods: 

2000 GMT Saturday. 

August 21 to 
0700 GMT Sunday. 

August 22 
1300 GMT Sunday, 

August 22 to 
0200 GMT Monday. 

August 23 

The 17th annual NJ QSO Party is 
again sponsored by the Englewood 
ARA. Phone and CW are considered 
the same contest. Each station may be 
contacted once on each band, and 
phone and CW are considered separate 
bands. Duplicate QSOs may not be 
made using bicentennial calls! NJ 
stations may work other NJ stations. 
General call is; "CQ New Jersey" on 
phone or "CQ NJ" on CW. NJ stations 
are requested to identify themselves 


ARRL section, and country. In addi¬ 
tion, second place certificates will be 
awarded when 4 or more logs are 
received. Novice and Technician 
certificates will also be awarded. 
ENTRIES: 

Logs must show GMT date and time, 
band, and mode, and be received not 
later than September 18, 1976. The 
first QSO for each claimed multiplier 
should be indicated and numbered, 
and a checklist of contacts and multi¬ 
operator stations should be noted and 
calls of participating operators listed. 
Logs and comments should be sent to: 
Englewood Amateur Radio Assoc., 
Inc., 303 Tenafly Road, Englewood 
NJ 07631. A #10 size SASE should be 


28575; CW - 3560, 7060, 14060, 
21060, 28060; Novice - 3725, 7125, 
21125, 28125. 

AWARDS: 

Certificates will be awarded to the top 
3 A2 stations and to the top station in 
each state/VE province/DX country. 
A minimum of 5 QSOs is required to 
be eligible for an award. Include a 
description of all equipment used and 
the usual signed contest declaration. 
Include a legal size SASE for a copy 
of the results and any award. All logs 

Sept. 30, 1976. Send all entries to: 
Motorola Amateur Radio Club, 8201 
E. McDowell Rd., Scottsdale AZ 
85252. 


for excessive duplicate contacts may 
be cause for disqualification, Results 
will be announced about April, 1977. 
Include one IRC and an SASE with 


COUNTRIES LIST OF ASIA: A4. 
A51, A6, A7, A9, AP. BV, BY, CR9, 
EP, HL/HM, HS, HZ/7Z, JA/JE/JF/ 
JG/JH/JI/JJ/JR, JD1 (Ogasawara Is.), 
JT, JY, OD5, S21, TA, UA/UK/UW 
UW9-0, UD6AJK6C,D.K, UF67 
UK6F,0,Q,V, UG6/UK6G, UH8/ 
UK8H, UI8/UK8A-G,I.L,0,T-Z, 
UJ8/UK8J.R, UL7/UK7, UM8/ 
UK8M.N, VS6, VS9M/8Q6, VU, VU 
(Andaman and Nicobar Is.), VU 
(Laccadive Is.), XU, XV, XW8, XZ, 
YA, Yl, YK, ZC4/5B4, IS (Spratly 
Is.), 4S7, 4W, 4X/4Z, 70 (S.Temen), 
70 (Kamaran Is.). 8Z4, 9K2, 9M2 CW. 
Malaysia), 9N1, 9V1 (Singapore), 
(AbuAil). 
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YAESU FT—221 
2M TRANSCEIVER 

Fred Goldstein WA1WDS 

What's more fun than a barrel of 

smoking HT, more useful than a box 
of 6146s, and has a handle? If you're 
interested in getting on two meters in 

bill handily. 

The FT-221 has complete band 
coverage, VFO or crystal-controlled, 
on FM, SSB, CW and even AM. 
Output on SSB is 20 W PEP; on FM 
and CW it's 10-14 W. It's easy to 
operate, since all circuits are either 
internally compensated by the band 


The circuitry shows that good engi¬ 
neering went into the rig. The receiver 
uses an FET preamp and mixer, 
feeding a 10.7 MHz crystal filter. For 
SSB, a noise blanking gate (very effec¬ 
tive if you operate SSB mobile) 
precedes a sharp lattice filter and the 
i-f strip. The FM i-f is separate, using a 

Murata F filter. Selectivity is excel¬ 
lent. The s meter is fixed to the SSB 
i f, so a carrier reading indicates that 
you're tuned into the repeater. The 
meter can also be switched into a 

indicates relative output. 



































Looking H/est 


Bill Pasternak WA6ITF 
14725 Titus St. -4 
Panorama City CA 91402 


means of solving 1 
generated by operating in a high rf 
environment. The Council also serves 
as an informal setting for owners to 
get together and enhance each other's 
technical abilities. 


A massive education effort of any 
sort is only possible if you have the 
people to train. In the case of amateur 
radio, one of the best places to find 
possible candidates is within the ranks 
of citizens radio operators. To tackle 


the world stopped; have you heard 
about it? Every second, every minute 
that goes by we wonder if we will 

happened? 

"One of the worst earthquakes in 
world history hit our nation. So far 
we have counted 20,000 people dead, 
50,000 people wounded and 
1,000,000 poor people homeless. 
When and if we ever finish counting. 




































































































Alexander MacLean WAZSUT, NNNQZVB 
18 Indian Spring Trail 
Denvtlle NJ 078S4 

How 

Do You Use 
ICs? 

--fundamentals 


M ost of the articles 
dealing with inte¬ 
grated circuits (ICs) either 
explain the theory of internal 
electronic operation or show 
some complex use for the 
device to someone who is 
already familiar with ICs. 

It is not necessary to have 
an understanding of how they 
work to begin using and 
enjoy working with ICs. What 
is needed is the nuts and bolts 
practical information on how 
to get started usually over¬ 
looked by the more advanced 
technical article. 

The 1C can be basically 
thought of as a miniaturized 
printed circuit (PC) board. It 
is a complete electronic 
circuit within its package, 
built to perform some 
specific function. 
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This is both the problem 
and the key to easily working 
with them. Instead of 
working with components 
and building a circuit with 
them, you are working with 
the complete circuit as a 
plug-in unit adapted to your 
purpose. 

The cheapest and most 
obtainable 1C surplus avail¬ 
able is the digital type. This 
was designed for computer 
use. Amateurs use it two 
basic ways: as it was designed 
when they can use that 
particular 1C function, and by 
externally manipulating it to 
perform some unrelated func¬ 
tion that it was never 
designed for. 

Many counters use digital 
ICs to count the same way a 
computer would. Other 
equipment takes the com¬ 


puter circuit and makes it 
work as an amplifier, product 
detector, oscillator, and so 
forth . 

This article will try to 
answer some of the more 
obvious questions about how 
to start working with digital 
ICs and get usable results. 
The first question is: 

How Do I Tell What These 
Devices Are? 

An 1C is named for the 
particular computer function 
it performs in a digital com¬ 
puter. Most of the time the 
name will not be of any value 
to the amateur, except to 
identify the device to be 
used. He will be using it in a 
different way for a different 
purpose than it was intended. 

It also has a code number, 
as tubes and transistors do. 
There are a limited number of 



Fig. 1. 


specific computer functions, 
but a variety of ways they 
may be packaged. 

An 1C package may con¬ 
tain only one actual circuit, 
or it may have a number of 
them inside. This is for com¬ 
puter building convenience. It 
may seem confusing at first 
that so many code numbers 
seem to be the same circuit, 
but they may be different 
combinations within the 
package. 

An 1C also belongs to a 
“logic family.” This heading 
is usually given over the list 
of code numbers in the ads. 
This refers to the electronic 
means by which the circuit 
does its work. 

The circuit function can 
be performed a number of 
ways electronically. While 
this is important for com¬ 
puter use, it is less so for 
amateur use. When you 


become more experienced, 
the need to become more 
selective about which logic 
family you use may arise - 
but not when you are starting 
out. 

Where Do I Get More Specific 
Information? 

Check the ads and send for 
the catalogs of surplus 1C 
dealers. This will give you at 
least one number/name cross 
reference that you might 
need. 

When you order, for a 
slight additional charge you 
can get the data sheets for the 
devices you order. If you plan 
to do a lot of work with ICs, 
there are several data books 
available on the common 1C 
families (for about three 
dollars each). 

Careful reading of 1C 
articles will also give you 
quite a bit of information. 
One article may not give it 
all, but comparing several will 
yield something you can use. 

With So Much To Choose 
From, What Do I Start With? 

The important thing is to 
begin. Keep it simple. Some 
particular devices are standing 
out as most commonly used. 

The family to start with is 
the TTL (transistor transistor 
logic) family, also referred to 
as t2l. These are cheap, 
rugged and available. 

Within this family there 
are two devices which are 
well known and easy to work 
with. They are the 7400 
quadruple dual input NAND 
gate and the 7490 decade 
counter. Forget the names 
and look for the numbers. 
You may just see “7400 
gate" and "7490 counter” in 
the ad. 

What Can I Do With Them? 

The 7400 is the heart of 
many 1C oscillator circuits, 
and is often adapted to per¬ 
form other common circuit 
functions. This is one area 
where the device is adapted 
to perform tasks it was not 
designed for. 

The 7490 likes to divide 




by two, five and ten. It is the 
heart of many dividing and 
counting circuits. This is a 
case of the device being used 
as it was designed. 

One obvious use would be 
to combine the two and make 
a multiple output frequency 
standard such as 100 kHz, 10 
kHz, 5 kHz or a custom 
output for a particular use. 

By learning with the 
simple circuit you get the 
practical basics of the more 
complex dividing chains used 
in counters or other exotic 
gear. 

These are basic circuits. 
The 7400 has also been 
adapted to perform many of 
the functions of a complete 
SSB generator, acting as 
oscillator, mixer, buffer and 
so forth. This makes it a good 
device with which to learn 
the basics of external circuit 
manipulation. 

What Else Will ! Need To Get 
Started? 

Besides a few ICs to play 
with, you will also need a few 
basic items to start off with. 
These should be thought of as 
capital investments. You will 
use them over and over again 
as you work. 

You will need a power 
supply. For digital ICs you 
need 5 V dc, preferably regu¬ 
lated. This is no problem and 
will be dealt with later. 

You will need one of the 
1C breadboard matrices. For 
experimental circuits, there is 
no more practical way of 
working with them. Printed 
circuit board techniques are 
clumsy and don't lend them¬ 
selves to quick changes. 
Individual sockets and com¬ 
ponents are much too fussy 
to work with conveniently. 

You will also need a 
supply of small parts to use 
with the ICs. There are fewer 
used with an 1C circuit than 
with tubes or transistors, and 
with careful buying they are 
much cheaper. 

What Is It Going To Cost To 
Get Started? 

The initial investment will 


be in the neighborhood of 
thirty-five to forty dollars, 
most of which is for non¬ 
expendable items used over 
and over again. 

This compares favorably 
with what you would spend 
on a comparable breadboard 
setup for tubes or transistors 
if you started from scratch. 

After the initial invest¬ 
ment, the cost per circuit will 
be lower than with tubes. 
Careful planning of purchases 
and buying ahead at quantity 
prices can bring the cost way 
down. 

The biggest expense will 
be the 1C breadboard matrix. 
The Proto Board 100 at 
$19.95 (plus postage) or the 
AP Superstrip at $17.00 (plus 
postage) is probably the best 
investment. 

Plenty of ready-built 
supplies, kits, and individual 
parts to build supplies are 
available surplus for between 
five and ten dollars. 

As for the rest, five to ten 
dollars will buy a good supply 
of 7400s and 7490s, and a 
fistful of the small parts you 
will need to build a lot of the 
basic circuits. 

The initial high cost will 
also be offset by the fact 
that, with the use of the 
breadboard matrix, you will 
be able to use the small parts 
over and over again without 
cutting the leads. 

After the initial invest¬ 
ment, the cost per additional 
experimental circuit will be 
much less than with tubes. 

What Kind Of Power Supply 
Will I Need? 

Digital ICs want 5 volts dc, 
preferably regulated. This is 
not hard to arrive at. It is 
much easier than with tube 
supplies. 

While a complex piece of 
1C equipment might draw 
several Amps, for an experi¬ 
mental supply anything from 
200 mA to an Amp will be 
satisfactory. Even a battery 
will run several ICs. 

Linear ICs work from a 


wider range o r voltages, 
usually in the 9-18 volt class, 
and there are some types of 
ICs (like differential ampli¬ 
fiers) which take two voltages 
- one plus, one minus — in 
that range. This sounds 
harder to do than it is, but 
start with the digital 1C and 
the single supply. 

What About Voltage Regula¬ 
tion? 

Here is where you really 
get a break with ICs. A well 
regulated dc tube supply is 
quite an undertaking. With 
ICs, it’s a breeze. 

If you have a transistor- 
type bench supply in the 9-12 
volt range, just add an 1C 
regulator such as the 
LM309H ($.75 to $1.50, 
depending on the source) and 


your supply problem is 
solved. 

These come in a variety of 
packages which look like 
familiar transistor types. 
They have three leads: one 
input, one output, and one 
ground. Can’t get much 
simpler than that. They will 
handle about one Amp each. 

What About Additional 
Filtering? 

It is best to regulate the 
voltage right at the 1C unit, 
which makes the 1C regu¬ 
lators ideal. If the power 
supply is at a distance from 
the unit, it is best to bypass 
the input with .1 uF or more. 

It is also advisable to 
bypass each 1C package with 
.01 to .1 uF, to prevent inter¬ 
action between ICs. This may 
not be needed experimentally 
and not all finished circuits 
will need or have it. 


When you are ordering 
parts, include a few regulators 
and some disc capacitors. 
They are quite cheap. 

Where Does The Power Go? 

Many partial schematics 
are ambiguous about some of 
the 1C connections. As with 
tube circuits that don’t show 
the filament circuit, assuming 
that you know where it goes, 
the 1C circuits use a form of 
shorthand. 

Most ICs have a pin con¬ 
nection for the source voltage 
(Vcc) and a ground return for 
the other leg of the voltage. 
Many times this is just not 
shown. 

With a multisection 1C, 
there is still just the one Vcc 
input which feeds all the 
sections. 


How Do I Read The Sche¬ 
matic? 

Reading 1C schematics is 
easy once you know how. 
Two systems are used. The 
first is to use the actual com¬ 
puter circuit function sche¬ 
matic symbol. This is often 
used when a multisection 1C 
is broken up to perform 
several functions. 

The important thing to 
remember is that the com¬ 
puter symbol is only used for 
convenience and usually has 
no computer meaning in the 
circuit. 

The numbers on the pins 
refer to the pin numbers of 
the complete 1C package. An 
example is shown in Fig. 1, 
which is one section of the 
7400 with the pin numbers 
shown. The other three 
sections would be drawn the 
same way, with the correct 
pin numbers for each. 
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Often the entire 1C is 
shown as a rectangle with the 
pin numbers on it, making it 
look like a large rectangular 
tube socket. The important 
thing here is that, unlike tube 
sockets, the 1C pins are 
counted from the top of the 
case. Pin one is usually 
located by a mark. 

Since most ICs are used 
with printed circuit boards, 
most of the other parts are 
top mounted; thus, the pins 
are shown from the top of 
the device. 

Fig. 2 shows the complete 
7400 1C package with the 
four sections drawn inside 
and the pins numbered. Also 
shown are the Vcc pin, com¬ 
mon pin, and the associated 
bypass and voltage regulator, 
for basic recognition of the 
complete unit. 

Can I Use My Junk Box Parts 
With ICs? 

For outboard things like 
power supplies, switches, 
chassis, and chassis mounted 
parts, you probably can. For 
the parts directly connected 
to the 1C, it is unlikely. They 
will be too big to fit con¬ 
veniently and the leads may 
be too thick to use with the 
1C matrix without damage. 

Considering the low cost 
of miniature surplus 1C com¬ 
ponents and the convenience 
of using them, this is no 
problem. Use what you can 
of what you have. The little 
parts are cheap. 

Where Do I Find Circuits? 

Basic individual circuits 
are now common in most of 
the magazines. The larger 
articles may have what you 
need as part of another device 
which you might not want all 
of. 

Can I Adapt Circuits From 
Other Pieces Of Equipment? 

Very often you can. Un¬ 
like tubes, ICs are designed to 
be building blocks. The ICs in 
a family are designed to inter¬ 
face with each other. 

Often it is possible to 


isolate the 1C and its external 
circuit components that you 
want, and use it in another 
project without serious modi¬ 
fications. 

How Are 1C Circuits 
Coupled? 

The two most common 
methods of coupling are 
direct coupling, where one 
output pin of an 1C goes 
directly to the input pin of 


the next 1C, and capacitor 
coupling. This makes it very 
simple most of the time. 

What About Unused Leads Or 
Sections? 

There is no hard and fast 
rule. Many ICs have such high 
gain that a floating input pin 
or section can cause insta¬ 
bility problems. There are 


several ways of dealing with 
this. 

One of the safest general 
methods is to return all 
unused input leads to the Vcc 
pin through a 1000 Ohm 
resistor. It is not necessary to 
use separate resistors for each 
lead. All leads from the 1C 
can be returned through the 
same resistor. 

Look at similar 1C sche¬ 
matics. Sometimes the lead 


will be left floating or will be 
grounded. With grounding, 
some ICs will draw too much 
current. A milliammeter in 
the Vcc line will show you 
what the current is doing. 

Transistors Are Easily 
Damaged; What About ICs? 

ICs are quite rugged. Manv 
problems are simplified 



26 


because they are matched to 
be interconnected. The most 
critical voltage is the Vcc 
voltage. There is a very small 
range above and below this in 
which ICs will work properly 
without damage. Using the 
small 1C regulators will take 
care of this. 

The next thing to watch is 
that they aren’t overdriven. If 
you are using ICs with each 
other, this is unlikely, but if 
you are using an external 
drive voltage it may cause 
damage — the same as over¬ 
driving a transistor. 

Don't let that scare you. It 
is not too common. They are 
quite rugged compared to 
transistors and they are very 
cheap. At 204 or less for a 
7400, you can blow out quite 
a few learning and never feel 

What About Using Other ICs? 

The 7400 and the 7490 
were chosen here because 
they are commonly used and 
information is readily avail¬ 
able. There are plenty of 
others which can be used. 

The basic oscillator circuit 
uses two gate sections. There 
are other computer gates 
which will also work. If you 
happen to have a stray 1C 
gate type which is not a 
7400, try it in the same type 
of circuit. It may work and it 
won’t hurt to try. 

Check through the 1C 
articles and keep a file of the 
types of ICs used. The next 
most commonly used will 
show up that way. 

What About Linear Devices? 

Once you have gotten past 
the 1C hurdle and have 
worked a bit with the digital 
type, you can begin to 
expand. As the prices come 
down, it becomes attractive 
to try the linear devices. 

The regulator ICs you will 
be using are linear devices. 
The others which you might 
be interested in are the types 
that perform some radio or 
other desirable amateur func¬ 
tion without the need for 
external fudging. They are 





internally designed to per¬ 
form that specific task. 

One of the simplest and 
most available, directly appli¬ 
cable to many uses, would be 
the audio type 1C. These 
range from dual stereo 
preamps to complete pre- 
amp/power amp ICs that are 
well within the range of what 
is used in communications 
work. 

Working up from that, 
there are the ICs designed for 
commercial use which are 
complete i-f strips or com¬ 


plete subsections of commun¬ 
ications type receivers. Some 
are specialized for FMorTV. 

As these find their way 
into common amateur use, 
they may well put the design 
of simple but effective equip¬ 
ment back in the range of 
something which can be done 
with limited means. 

Many of them will work 
with the 1C matrix and a 
standard transistor-type 
supply. (5 volts is rather lean 
for the linear devices.) There 
are some that will not fit into 


the standard 1C matrix, being 
designed for direct PC board 
use. 

The thing to look for is 
the standard DIP (Dual Inline 
Package) configuration. Most 
of the ads will tell you if it is 
an unusual construction. 
Many of the audio power 
types have heat sink tabs. 
You can still use them, but 
not as easily as using the 
matrix. 

What Am I Waiting For? 

I don’t know. What have 


you got to lose? Even if you 
blow out a few ICs while 
learning, they can be replaced 
for less than a buck. The 
initial investment is one of 
the cheapest available in ama¬ 
teur radio, when viewed in 
terms of the fun you will 
eventually have. 

Set aside a little something 
each week and soon you’ll 
have enough for the power 
supply, breadboard matrix, 
and a handful of ICs and 
parts. After that it should be 
downhill all the way. ■ 


Tracking 
the Hamburglar 


KIDNAPPED: Drake TR-22 with 
crystals for 34-94, 94-94, 16-76, 
04-64, 64-64, 88 receive. Texas D/L 
no. 4472525 on chassis. Jack Van- 
Natta WB5DYE. Tulsa OK. Phone 
(918) 627-3738. 

ABDUCTED: Regency HR2A s/n 
04-10422. Crystalled for 94/94, 
34/94, 16/76, 52/52. Has bracket 
attached and cigarette lighter plug on 
power cord. Stolen from Don Billings 
W0GOH. 2838 N. Prospect St„ 
Colorado Springs CO 80907. phone 
303636-1661. 


FILCHED: Motorola two freq., con¬ 
trol head. Motorola T-power mike, 
Moto. speaker, 16 button TT pad with 
light, mounted in Bud Box. Stolen 
from Jim Best WA0RZI, 1923 Alpine 
Drive. Colorado Springs CO 80907, 
phone 303-471-1486. 

HIJACKED: Regency HR2B. s/n un¬ 
known. Crystalled for 34/94, 34/34, 
16/76, 19/79, 22/82, 28/88, 88/88. 
145.80/80. 58/58. 25/85. Stolen from 
Glenda Butler WB0OCH. 1509 E. 
12th St., Pueblo CO 81001, phone 
303-544-7777. 


STOLEN: Atlas 210X xcvr s/n 
TH3214 with Lafayette mobile mike 
modified with 3 conductor %" diam. 
plug. Does not have dc power cord or 
ac supply. Also Lafayette HA-146 2 
mtr xcvr s/n 1111 with mike, power 
cord and the following xtals: 52-52, 
16 76, 76 76, 19 79, 22-82, 34 94, 
94 94, and 147-69-09. If any info call 
collect (213) 374 8528. Les Goddard 
WB6URL, 2121 Clark Lane, Redondo 
Beach CA 90278. 

PLUNDERED: EBC 144Jr„ s/n 
50108, synthesized rig. Stolen from 
Dick Sucher WA0ZLY. 27 Learning 
Road, Colorado Springs CO 80906. 
phone 303-471-1696. 

LOOTED: Kenwood TS520 s/n 
140579. engraved WA7WDC. and an 
Icom 230 s/n 2405651 also engraved 
WA7WDC. In addition about $7,000 
worth of tools and test equipment. If 
anyone has any information to the 
recovery of the this equipment please 
notify the Phoenix City Police. G. M. 
Chinn WA7WDC, 906 E. Broadway, 
Phoenix AZ 85040. 


LIFTED; Drake TR22 s/n 640995 
was stolen from my car located in the 
parking lot at 2121 East 63rd Street, 
Kansas City MO between 8 am and 11 
am CST on Thursday, April 8, 1976. 
The radio was marked on the chassis 
with my Social Security number and 
amateur radio call. Anyone with infor¬ 
mation concerning this radio is asked 
to contact the Kansas City MO Police 
Department (816) 842-6525 or 
K0IDJ. 

TAKEN: Drake Model ML-2,12 chan¬ 
nel all xtaled, serial no. 11239. Touch 
Tone pad attached to top. Call 
K2YKE attached to side and marked 

several places inside. Stolen from my 

car in Buffalo, New York April 9th. 
Ken Haas. 243 Crosby Blvd., Buffalo. 
New York 14226. Phone 
716 834-4083. 

RIPPED OFF: Heath HW 202, series 
00316 transceiver. Modified: BNC 
antenna connector, scanner with 
LEDs over top (extra) barswitch. 
Three switches to left not connected. 
Right switch turns scanner on/off. 
Wires were cut at back panel. Contact 


Oscar Orbits 































O nce upon a lime ham 
radio was nice and easy. 
You just went out into your 
own half acre backyard, put 
up a pair of ninety foot tele¬ 
phone poles, and hung an 
eighty meter Zepp antenna in 
the sky. To work the old 160 
meter band you fed the same 
sky wire as an "inverted L” 
against ground. On the higher 
frequency bands you played 
tuning games on the open 
wire, six hundred Ohm trans¬ 
mission line leading to that 
flat top until the rig loaded. 
Such olden, golden times are 
now only fond memories in 
the minds of old-timers. 

Today the radio amateur 
has a serious problem finding 
enough outdoor space in 
which to erect any kind of 
antenna, let alone an opti¬ 
mum one. There is, however, 


at least one way out of this 
restricted space dilemma, a 
way taken by military forces 
a few years back: Use an 
electrically small antenna! 
Conventional forms of such 
antennas, whose physical 
dimensions are small in com¬ 
parison to the operating 
wavelength, are rather famous 
for converting more rf input 
power into heat than into 
good signals on the air. 
Antennas, unlike any other 
component making up a radio 
communications system, have 
stubbornly resisted efforts at 
miniaturization. Over the last 
sixty years, however, a quiet 
but fierce technical battle has 
been waged in many places in 
the world in an attempt to 
reduce the physical size of 
the transmitting antenna 
while keeping efficiency 
within reason. This battle is 


far from won. Nevertheless, 
some limited progress has 
been made to date, as well as 
co-tain surprising gains made 
in terms of antenna function 
flexibility. As one of the 
weary but still enthusiastic 
veterans of this technical war¬ 
fare, I felt that some of the 
newer radiating gadgets which 
have come forth from the 
melee should be of interest 
and value to the radio ama¬ 
teur in his present hour of 
need. In that spirit, the aim 
here will be not to merely 
describe what some of these 
electromagnetic devices look 
like, but to include enough 
technical detail about them 
so the ham can design and 
experiment with these radia¬ 
tors himself. 

Most of the antennas 
discussed are forms of 


radiating rf transmission lines 
of small electrical size. Most 
of them have originated from 
military interest in reducing 
the vertical height and size of 
conventional antennas. They 
are still so new, however, that 
they exist in very small 
numbers as yet and only 
render service in military 
applications. As past research 
has disclosed that the loading 
coil-only approach is the least 
efficient way of reactance 
loading short antennas, all of 
these newer, more exotic 
antennas are brought to 
resonance using exceedingly 
low loss capacitance; they 
make up for their high Q, 
narrow bandpass nature by 
being capable of very rapid 
frequency tuning. Some, like 
the LPT, are even capable of 
widebanded performance at 
good efficiency - in spite of 


Surprising 

Miniature 

Low Band Antenna 

- - the DDRR low noise antenna (part I) 

Joseph M. Boyer 
1 7302 Yukon. Suite 63 
Torrance CA 90504 
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Fig. 1. Close-up view of military-type Directly Driven Ring Radiator (DDRR) antenna set up for long range communications 
tests in the 2.0 to 30 MHz frequency spectrum. Dark vertical posts supporting the ring elements are fiberglass tubing topped 
with "beehive" insulators. The hands of the engineer at the left rest on the 50 kV variable vacuum tuning condenser. The height 
of the ring in the foreground is six feet; the innermost 17.2 to 30 MHz ring element is 1.5 feet in height (Northrop Corporation 
photograph). 


small height. All of them 
offer the ham with a small 
size QTH certain advantages 
over conventional antennas; 
some even afford a real 
advancement in overall ham 

practice. Therefore, we will 
discuss the new antennas 
from the ham’s point of view. 

The Directly Driven Ring 
Radiator (DDRR) 

The DDRR antenna 1 


1 U.S. patents (J. M. Boyer): #3, 
151, 329; #3, 247, 515; #RE26 
196; all assigned to The Northrop 
Corporation, Hawthorne, Cali- 


shown in Fig. 1 might well be 
called the Little Wonder All¬ 
bander. It tunes continuously 
from 2.0 to 30 MHz, and will 
accept simultaneous input 
from up to four 10,000 Watt 
auto-tune transmitters (Texas 
kW men and DX contest 
types take note!). The close- 
up view in Fig. 1 shows the 
DDRR set up for long range 
HF communications tests 
prior to being installed on the 
naval ship USS Wheeling. Fig. 
2 is an aerial view of the same 
DDRR aboard the Wheeling 
during early sea trials. 
Although the rugged antenna 
operated well even when 


taking “green water” during 
storms at sea, it was later 
covered with a pillbox type 
fiberglass radome. Its location 
is on the roof of a helicopter 
hangar aft, the metal roof and 
surrounding sea serving as a 
highly conducting ground 
plane. 

The maximum diameter of 
the Wheeling DDRR is 
thirty-five feet, with its outer¬ 
most ring element at a height 
of only six feet above the 
ground plane. Although such 
dimensions may not imme¬ 
diately convey the idea of 
“small size,” the antenna is 
seen to be “small” in terms of 


the four hundred ninety-two 
foot wavelength at 2.0 MHz. 
The Wheeling served in the 
Apollo space exploration pro¬ 
gram as an HF worldwide 
network control center, and 
is now off on similar 
scientific missions. There are 
a total of five concentric ring 
radiator elements. The outer 
one tunes 2.0 to 3.3 MHz, 
and the inner four rings tune 
the bands 3.3 to 5.7 MHz, 5.7 
to 10 MHz, 10.0 to 17.2 MHz 
and 17.2 to 30 MHz, respec¬ 
tively. The ends of each of 
the ring elements are 
“grounded” to the metal 
image plane through metal 
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posts. Half way around the 
circumference of each ring 
conductor, connection is 
made to ground through 
individual 50 kV rated, 
variable vacuum condensers. 
Each variable condenser is 
remotely controlled from the 
ship’s radio room by means 
of two-phase servo drive 
motors of variable speed. 
Each DDRR ring element is 
directly fed with individual 
fifty Ohm coaxial trans¬ 
mission lines, no auxiliary 
impedance matching net¬ 
works being required to 
obtain low vswr. Originally, 
provision was made to install 
reflectometers at the input 
terminals of each ring 
element to permit fully auto¬ 
matic servo tuning and fre¬ 
quency tracking with asso¬ 
ciated transmitters. To my 
knowledge, however, these 
units were never installed. 

In the radio room there is 
a visual display readout con¬ 
sole which gives constant 
information for (a) the iden¬ 
tity of the transmitter cur¬ 
rently in use with a given ring 
element, (b) the frequency to 
which each DDRR element is 
tuned, and (c) the vswr in 
each of the feedlines. In spite 
of all this automation, how¬ 
ever, an experienced operator 
in total darkness can hand 
“slew” the tuning of the 
DDRR until a background 
noise peak is heard in a re¬ 
ceiver tuned to the desired 
frequency. When the noise 
peak is observed, the input 
vswr in the feedline to the 
antenna is less than 2:1 and 
the antenna is ready to accept 
full transmitter power. Off 
this tuned frequency, the 
receiver connected to the 
DDRR sounds “dead,” its 
S-meter resting on the zero 
peg. 

In a DDRR, all antenna 
elements are at dc ground 
potential through extremely 
low impedance, high current 
capacity shunts. As a conse¬ 
quence, associated electronic 
equipment is quite well pro¬ 
tected against damaging 
effects from voltage tran¬ 
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sients induced by lightning 
strikes on the ship's structure. 
Such dc shunts also serve as 
“static drains” during 
weather conditions when 
impact with charged snow or 
rain particles can build up 
very high magnitude voltage 
potentials on conventional 
antennas. Under such weather 
conditions, noise level during 
reception on the DDRR is a 
minimum of twenty decibels 
less than that attained on 
non-drained antenna systems. 

Up to here we have been 
discussing a military antenna. 
Fortunately, however, I am 
able to give an account of 
how such a multiband DDRR 
operates on the ham bands. 
During preliminary land- 
based tests of the antenna in 
southern California, it was 
only natural that licensed 
amateurs serving as engineers 
and technicians on the 
project literally itched to 
know how the thing would 
work on ham frequencies. A 
notice of portable operation 
under the call W6UYH was 
sent off to Uncle, and one 
evening the gang adjourned to 
the large communications van 
nearby. To get a feel for band 
conditions using a standard 
radiator, a one hundred ten 
foot tall vertical quarter wave 
tower antenna was used to 
put out the first call on 160 
meters. This antenna, of 
variable height, was available 
as a reference X/4 monopole 
during military tests, and 
could be raised or lowered to 
ground within three minutes. 

A number of contacts 
were quickly made with rela- 
tively local stations; 
naturally, excellent reports 
were secured using the big 
vertical skyhook. The QRN 
level was substantial and con¬ 
siderable Loran “buckshot” 
was noticed. The vertical was 
then dropped, and a touch of 
a control button sent the 
motor-tuned DDRR down 
into the high end of 160 
meters (we had made sure it 
would “inch” a bit below 2.0 
MHz, hi!). Almost imme¬ 
diately we heard a number of 


stations calling us from the 
Hawaiian Islands. The KH6s 
said they had been calling 
repeatedly since our first CQ. 
We had not heard their rela¬ 
tively weak signals, however, 
due to the fact that they were 
buried down under the QRN; 
now they stood out loud and 
clear against a much lower 
background noise level. We 
also observed that Loran 
buckshot was way down in 
magnitude and QRM from 
very near-channel strong 
locals was almost absent. To 
the island stations, there was 
very little, if any, difference 
detected in FS between the 
DDRR and X/4 monopole in 
subsequent comparison trans¬ 
mission under conditions of 
slow fading. 

As engineers, the hams 
present were a little surprised. 
We had all been somewhat 
concerned about the narrow 
frequency bandwidth of the 
electrically small height 
DDRR when operating effi¬ 
ciently with hard fought-for, 
low Ohmic environmental 
loss resistance Rji- Yet here, 
with this narrow frequency 
width antenna acting as a 
sharply tuned “bandpass” 
filter ahead of the first re¬ 
ceiver stages, it was pre¬ 
venting loss of sensitivity due 
to random white noise load¬ 
ing, greatly reducing QRM 
and delivering a considerably 
superior signal-to-noise ratio 
advantage over the big 
antenna in a real world, two 
way HF radio communica¬ 
tions mode. As one old-timer 
in the shack sagely observed: 
“You got to hear ’em, boys, 
before you can work ’em!" 
Shifting to 75 meters, it was 
the same story. Reception, 
using the relatively wide- 
banded tower X/4 vertical, 
was a noise pain to the ear; 
on the DDRR we worked 
VKs, ZLs and Js, slicing them 
out from under the noise and 
QRM as if using a hot knife 
on butter. 

Again, due to the 
unavailability of test stations 
on military assigned fre¬ 
quencies at intermediate 


distance range from our land- 
based test site, we were able 
to first observe on the ham 
bands another deliberately 
provided performance feature 
of the two post model DDRR 
antenna: the ability to work 
stations during daylight hours 
at distances greater than that 
of the ground wave fade out 
zone produced when using 
quarter wave vertical 
antennas. In the two post 
design DDRR, provision had 
been made to generate an 
auxiliary, very high angle 
radiation pattern lobe in addi¬ 
tion to the DDRR’s normal, 
vertically polarized, very low 
angle “doughnut” omni- 
.pattern. In the lower fre¬ 
quency HF range of 1.0 to 
about 8.0 MHz, the iono¬ 
sphere will strongly reflect 
signals incident upon it at 
high angles above the hori¬ 
zon. Such an effect is called 
the ionosphere “sounder 
mode” qf communications 
and is of military interest 
because it can give contact 
range extension during day¬ 
light hours. We enjoyed day¬ 
time , QSOs with stations 
ranging from 100 to 500 
‘miles distant on 160, 75, and 
40 meters - stations which 
could not be worked using 
the reference X/4 monopole. 
Subsequent use of the DDRR 
on the USS Wheeling verified 
the same daytime range ex¬ 
tension performance at sea on 
the lower HF channels out¬ 
side the ham bands. 


How the DDRR Works 

Because many of the per¬ 
formance functions and much 
of the theory of the DDRR 
antenna apply equally well to 
the operation of other 
modern transmission line 
antennas to be discussed in 
Part II of this article, it is 
perhaps justifiable to give 
here some details about how 
a DDRR antenna works. 
While we are at it, we might 
as well give readers all the 
dope necessary to tailor one 
themselves for use in the ham 
bands. We're talking about an 



optimum design, though, so 
that you end up with a com¬ 
pact size, efficient antenna, 
instead of a “heating ele¬ 
ment” for rf. Don’t worry - 
no higher math will be used. 

A DDRR can be designed 
for use in just one ham band, 
or as a model covering all 
amateur frequency assign¬ 
ments in the HF region. Once 
the design of a single band 
element is understood, there 
will be no problems in adding 
other band coverage ele¬ 
ments. We will assume that 
the prospective user lives in a 
typical cramped-space, urban 
QTH where the installation of 
a really effective artificial 
ground plane system is com¬ 
pletely out of the question 
for many practical reasons; to 
make the design even more 
attractive, a total vertical 
height of only six feet will be 
used in the example here, 
together with a selection of 
just one outside diameter 
conductor size to be 
employed in all conductors of 
the DDRR. The design rela¬ 
tions given, however, are in 
such form that other con¬ 
ductor diameters, antenna 
heights, and frequency bands 
may be substituted as desired. 
Later, details will be given for 
adding the other elements to 
the one band design example 
to convert it into an all¬ 
bander. 

Fig. 3(a) shows a dual post 
DDRR like the Wheeling 
model, erected over a con¬ 
tinuous surface, highly con¬ 
ducting ground plane. We will 
temporarily retain such a 
super ground plane for our 
discussion purposes here; 
later, we will discard it com¬ 
pletely in the practical home 
QTFI model. Also, we will 
end up with a one post 
DDRR, as the two post 
model does not afford the 
minimum size design we wish 
for ham use. In the drawing 
the rf currents are shown 
flowing in both the overhead 
conductors and as image cur¬ 
rents in the ground plane at a 
single instant of time in the rf 
cycle. It is noticed that the 
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directions of the currents in 
the ground plane are not 
radial like those produced by 
a simple vertical monopole 
antenna. In Fig. 3(b) just one 
half circumferential section 
of the two post DDRR 
antenna is shown in 
“straightened out” fashion. 
Because the part of the 
DDRR element of Fig. 3(b) 
includes a vertical post con¬ 
ductor, a horizontal con¬ 
ductor elevated above and 
parallel to the ground plane, a 
tuning condenser (C), as well 
as input feed terminals, it will 
function as a DDRR antenna 
element itself in our finished 
design. 

Immediately, it would 
appear that all a DDRR really 
boils down to is a “one wire,” 
unbalanced rf transmission 
line parallel to ground at a 
height h, and “shorted” to 
ground at one end by a 
vertical post. This ought to be 
easy! Now, we will agree with 
you that the horizontal con¬ 
ductor of total length S° 
parallel to ground does 
indeed form nothing more 
than a “one wire” rf trans¬ 
mission line “stub.” But we 
are going to insist that you 
unlimber your imagination 
and go along with us in con- 
sidering the vertical 
“shorting” post at one end of 
such line as another separate 
and different rf transmission 
line also. Any good amateur 
antenna handbook gives the 
formula for finding the char¬ 
acteristic impedance of the 
“one wire” line above ground 
in terms of its mean height 
(h) and conductor diameter 
(d). It is, merely, 


Armed with equation 
(1-1.0), let us begin by select¬ 
ing the 75 meter band for use 
in our example. We will start 
the design at the upper fre¬ 
quency limit band edge of 4.0 
MHz. At 4.0 MHz, wave¬ 
length X in air is 984/4.0 
MHz, or 246.00 feet. We said 
we would use only a vertical 


antenna height of six feet. We 
will not be precise here and 
take into account the con¬ 
ductor diameter in deter¬ 
mining the electrical length 
(h ) of the vertical post ele¬ 
ment at 4.0 MHz. Instead, we 
will arbitrarily select 4.0 inch 
O.D., thin wall, aluminum 
alloy tubing (type 6061T6 or 
other weldable alloy) for 
both the post and horizontal 
conductor. Taking the post 
height (h) as 6.0 feet, its 
diameter of 4.0 inches as 0.33 
feet, and its radius as 0.17 
feet, we find the following 
"electrical dimensions” at 4.0 
MHz: 



Knowing these dimensions 
allows us to use (1 -1.0) to get 
the characteristic impedance 
(Kc) of the “one wire” over 
ground horizontal trans¬ 
mission line section as, 

Turning now to the 
vertical post itself, it appears 
that we face a problem in 
determining its characteristic 
impedance as an rf trans¬ 
mission line. For example, we 
know that another way to 
define the characteristic 
impedance of ordinary rf 
transmission lines is in terms 
of the ratio of the distributed 
series inductance (L) of the 
conductor to its distributed 
shunt capacity (C) between 
the conductors. Such a rela- 
tion is written as Zq = x/L/C 
Ohms. We know we would 
get K c equals 256.70 Ohms 
for the horizontal line section 
by this alternate formula if 
we could just measure the 
distributed series inductance 
(L) along our 4.0 O.D. con¬ 
ductor and its distributed 
shunt capacity (C) to ground 
per unit length. Such charac¬ 
teristic impedance is constant 
along the entire length (S°) of 
the horizontal DDRR trans¬ 
mission line, because its con¬ 
ductor diameter (d°) and 
height (h°) is constant per unit 


length and thus gives constant 
L to C per unit length. Just 
looking at the vertical post 
we see this cannot be the case 
for a cylindrical conductor 
mounted vertical to a flat 
ground plane. Anyone can see 
that if we sawed out a given 
width slice from the vertical 
post conductor at a height of, 
say, 14 inch above ground, 
and measured the shunt 
capacity of this insulated 
section to ground there, and 
then repeated the same pro¬ 
cedure at a height of 36 
inches above ground, and 
then at 72 inches above 
ground, shunt capacity would 
be maximum at 'A inch 
above ground, less at 36 
inches, and least at a height 
of 72 inches. Because shunt C 
varies with length h°, the 
ratio of L/C cannot possibly 
be constant; therefore, the 
“characteristic impedance” of 
the vertical post — when con¬ 
sidered as an rf transmission 
line — would have to be a 
variable function of height 
h°. At the same time you 
have a suspicion that the 
vertical post in the DDRR is 
something more than just a 
“shorting post.” A grounded, 
vertical monopole antenna, 
maybe?? You may wonder 
what we are up to here. 

Well, you are perfectly 
right. Not only does the char¬ 
acteristic impedance of the 
vertical post rf transmission 
line change with height, but it 
is also a grounded, vertical 
monopole antenna. How do 
you find the "characteristic 
impedance” of a monopole 
antenna? Well, thanks to a 
brilliant antenna man, Dr. 
S. A. Schelkunoff of the Bell 
Telephone Laboratories, 2 we 
can do just that: 

The above equation gives 
the average characteristic 


2 S. A. Schelkunoff, "Antennas of 
Arbitrary Size and Shape,” Proc. 
I.R.E., 29 , 493-521 (September, 
1941). 



Fig. 2. The DDRR antenna is shown here installed aboard the U.S. Navy communications ship U.S.S. Wheeling. The antenna is 
seen mounted aft on the roof of the helicopter hangar. Operating efficiently even though exposed to the weather, the antenna 
was later covered with a pillbox fiberglass radome housing (official U.S. Navy photograph). 


impedance 3 of a cylindrical 
vertical conductor monopole 
antenna over ground having a 
conductor radius “a” and 
length h. It is an average value 
because of the variable nature 
of the post monopole 
antenna’s characteristic 
impedance with length h. 
Sehelkunoff's equation 
(1-2.0) looks so simple in 


used to denote the characteristic 
impedance of the horizontal and 
vertical monopole antenna trans¬ 
mission lines, respectively, instead 

these values confused with the Zq 
of the standard transmission line 
we will use to feed the DDRR 


(1-1.0), yet it is loaded with 
electromagnetic dynamite! 
We will discuss just how in 
Part II. Here we can honestly 
say that, aside from Ohm’s 
Law, this simple little for¬ 
mula may become one of the 
most useful expressions 
known to the ham fraternity 
for getting quick and easy 
practical answers to real 
antenna problems of all 
kinds. Oh yes, if you multiply 
the answer you get from 
(1-2.0) by two, it gives the 
average characteristic impe¬ 
dance (K a ) of a balanced 
doublet antenna in free space 
of total length (2 h) formed 
from two identical “mono¬ 
poles” of length h and cylin¬ 
drical conductor radii “a". 


Tuning the DDRR 

Armed with the simple 
formula (1-1.0) and the seem¬ 
ingly simple equation (1-2.0), 
we are fully equipped now to 
move on to design our DDRR 
for resonance and tuning over 
the width of the entire 75 
meter band (or a bit more). 
Turning to Fig. 3(c), the 
DDRR antenna is now illus¬ 
trated as being an antenna 
system composed of two 
distinct rf transmission lines, 
one connected to the other. 
Please do not let the drawing 
fool you. The first trans¬ 
mission line section, of elec¬ 
trical length h° and charac¬ 
teristic impedance K m , 
shown "lying over on its 


side” still represents the verti¬ 
cal post of the DDRR 
antenna. It is just easier to 
indicate the post in this way 
when it is represented as an rf 
transmission line. In our 
"model” drawing of the 
DDRR antenna system of 
“open wire” lines, we have 
two terminals to represent 
the ground plane end of the 
post; terminal 1G is ground at 
a point where the base end 
terminal (1A) of the post 
connects to it. At a distance 
of h° away from the post 
base, the top end of the 
monopole transmission line 
has a second terminal (2A). 
However, “ground” is now 
labeled 2G, and represents a 
circle drawn on the ground 
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Fig. 3. (a) Wheeling-/y/?<? two post DDRR over metal sheet ground plane, showing current flow 
in elements and ground, (b) Half circumferential section of two post DDRR in linear alignment, 
(c) Design schematic of vertical post monopole transmission line "terminated" into horizontal 
transmission line section, (d) Equivalent circuit of monopole transmission line antenna loaded 
by top reactance, (e) Diagram for matching feed transmission line to the DDRR antenna, (f) 
Equivalent circuit of input impedance at feedpoint X. 


plane surface with a radius 
h°, the center of this circle 
being the post base (a little 
weird, perhaps, but we need 
imagination in dealing with 
antennas!). Then the end of 
the horizontal line conductor, 
at the point where it conduc- 
tively joins the top of the 
vertical post terminal (2A), is 
labeled 3A. At a point on the 
ground plane directly below 
terminal 3A, a ground 
terminal (3G) is shown. At 
horizontal distance S° away 
on the transmission line, of 
characteristic impedance K c 
and at a constant height (h°), 
the other end of this second 
transmission line conductor is 
labeled 4A. Again, directly 
below terminal 4A, a point 
on the ground plane forms 
the terminal 4G. The tuning 
condenser (C) is connected 
across terminals 4A and 4G 
of the horizontal rf trans¬ 
mission line. 

Using equation (1-2.0), we 
can now find the average Km 
of the particular vertical post 
of length h° = 8.78° and 
conductor radius "a°" = 

0.24° we have chosen: 
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Now let us imagine that in 
some way rf energy at 4.0 
MHz is fed to our system of 
two rf transmission lines. As 
the two lines are not 
terminated into resistive 
“loads” equal to K m and K c 
respectively, these two rf 
lines are badly mismatched in 
impedance; they will act like 
what we call transmission line 
“stubs,” and establish large 
amplitude standing waves 
along their respective lengths. 
For the moment, let’s assume 
condenser C is either absent 
or set to an impossible mini¬ 
mum capacity of zero farads. 
For that condition, a reactive 
“load" jXi n (3A,3G) pro¬ 
duced by the horizontal line 
section of length S° will be 
“seen” across the "output” 
terminals 2A,2G of the verti¬ 
cal post transmission line. 
Because capacity C is absent, 
and we are temporarily 
ignoring things such as 
antenna radiation resistance 
Rr, we can describe the value 
of jXj n (3A,3G) Ohms which 


will be "seen” by the vertical 
post line as a “load” across its 
output (top end) terminals. 
See Fig. 3(d). It is 


Because we are tempor¬ 
arily saying that our antenna 
possesses no resistance or 
“real” impedance terms, 
jX(3A,3G) wil1 be a P ure 

reactance. Because the verti¬ 
cal post is now acting like an 
rf transmission line of length 
h°, the “load” jX(3A ; 3G) 
across its output terminals 
2A,2G will become changed 
in value as it “moves” or is 
transformed down the length 
h° of the post line to its own 
“input terminals" 1A,1G. 
This change or transforma¬ 
tion property of rf trans¬ 
mission lines is compactly 
represented by the well- 
known terminated trans¬ 
mission line equation: 



Equation (1-4.0) is written 


in a form suitable only for 
lines terminated in a pure 
reactance load jX(). The 
symbol K denotes the charac¬ 
teristic impedance of the 
transmission line and 0°, its 
length. So here is our DDRR 
design “law” number 1.0: 

“For the vertical post 
monopole antenna of elec¬ 
trically small length h° to 
become resonant at a given 
frequency of operation f 0 , 

the load reactance jX(3A,3G) 

Ohms placed across its top 
and ground must be precisely 
of the correct value so as to 
change in reactance to the 
value jXj n (l a, 1G) = jOOhms 
at the base of the monopole 
where it joins the ground 
plane." 

It turns out that if, and 
only if, you require jXj n () 
from equation (1-4.0) to 
equal j zero Ohms, you 
needn’t solve it completely. 
All you have to do is to plug 
in a load impedance jX() 
which, when multiplied by 
the cosine of the line elec¬ 
trical length 0°, makes the 
algebraic sum in the numer¬ 
ator equal to zero. For that 
condition, }Xin() has to go to 
zero Ohms. Nature is kind to 
us here. It turns out that if 


the algebraic sum of |jX()) 
cos h° plus jKm sin h will 
add up to zero Ohms, making 
jXj n () go to zero Ohms and 
the post monopole resonant 
at f D . Remember, however, 
that -jK c cotan S° only equals 
iX(3A,3G) when tuning 
capacity C is equal to zero 
farads. For this case of C 
equals zero farads, already 
knowing K c , Km and h°, we 
get: 


Then, knowing Kc, we re¬ 
arrange (1-5.0) to find how 
long in electrical degrees S° 
has to be in the horizontal 
line to make (1-5.0) true 
(with all the little j operators 
and signs canceling out): 
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For our particular DDRR, 
we find that the electrical 
length of the horizontal trans¬ 
mission line (with no tuning 
capacitor) must be: 


Plugging our obtained 
value of S° back into (1-3.0), 
we can prove that jX(3A3G) 
= -j 256.70 cotan 83.22 = -j 
30.52 Ohms. 

The. answer is not precisely 
equal to -(jK m tan 8.78°) 
because we have not been 
using enough decimal places 
to make equality exact. Still, 
we are now resonant at 4.0 
MHz if we place a load reac¬ 
tance of -j30.52 Ohms across 
the top and ground “circle” 
terminal 2G of the monopole. 
But wait a minute! You can’t 
buy a tuning condenser which 
has a zero farads minimum 
capacity when tuned with its 
plates wide open! OK - we 
just look at the label on the 
box it came in and find the 
minimum capacity of our 
condenser. Say it is Cmin 
equals 8.0 picofarads. Here is 
the question we must ask 
ourselves: How much “elec¬ 
trical length" at 4.0 MHz 
does a 8 x 10*12 farad con¬ 
denser, connected across the 
end terminals 4A,4G of a line 
of K c = 256.70 Ohms, add to 
that already existing in the 
line? Now, at 4.0 MHz, an 8.0 
x 10*2 condenser offers a 
reactance -jXc = -j {'An 4.0 x 
106 x 8.0 x 10*12) = -j 
4,973.60 Ohms. Say we call 
the length added by the con¬ 
denser AS°. Then, 


To correct the length of 
the horizontal transmission 
line to compensate for the 
effect of the “line stretcher” 
action of C when tuned wide 
open at the high frequency 
end of the band, we merely 


remove 2.96 degrees from the 
conductor so that our hori¬ 
zontal transmission line itself 
becomes 


monopole transmission line at 
3.5 MHz?” Equation (1-5.0) 



The electrical length of the 
line itself, and the additional 
electrical line length added by 
the minimum capacity of C, 
now sum up to the necessary 
83.22 degrees. In addition, to 
also take into account other 
small capacity from the leads 
to the condenser, another 
four inches or so (about 0.5°) 
should be removed to make 
sure we reach 4.0 MHz with C 
wide open. Right here we will 
continue to use, however, an 
actual horizontal transmission 
line length of 80.26 degrees 
in completing the DDRR 
design. 

Our "paper” DDRR 
antenna element now is 
resonant at the 75 meter high 
frequency limit of 4.0 MHz. 
Once in a while we like to 
spin the rig down to 3.5 MHz 
(well, 3.499 MHz maybe) and 
do a little brass pounding and 
DX hunting. When the fre¬ 
quency of the DDRR is 
changed from 4.0 to 3.5 
MHz, this represents a pro¬ 
portionality factor of 3.5 
MHz/4.0 MHz equals 0.875. 
All the DDRR electrical 
length parameters will change 
by such proportionality. For 
example, the vertical post 
height will change to h°(3 5 
MHz) = 8.78° x 0.875 '= 
7.68The actual line length 
S° will become S°(3.5 MHz) 
= 80.26° x 0.875 = 70.23°. 
We immediately suspect, 
without having to solve equa¬ 
tions (1-3.0) and ^1-5.0), that 
-jK c cotan 70.23 no longer 
will be equal to -(jK m tan 
7.68°). We just know that 
now the DDRR antenna is far 
out of resonance at 3.5 MHz. 
However, having seen how 
the tuning condenser C can 
act like a “line stretcher,” we 
know how to solve our 
problem. We first ask, “What 
load reactance jX(3A,3G) d° 
we now need across the end 
terminals 2A,2G of the 


Second question: “How 
long would S° have to be at 
3.5 MHz to give jX(3A,3G) = 
-j 26.64 Ohms if capacity C 
was absent ?" Equation 
(1-5.1) answers: 


We require a total elec¬ 
trical line length S° of 84.075 
degrees, but we already have 
an existing transmission line 
length of 70.23 degrees at 3.5 
MHz. Therefore, we are 
84.075°-70.23° = 13.845 
degrees too short. Final ques¬ 
tion: “If we meshed in the 
variable plates of condenser C 
to make its capacity larger in 
value, how much capacitive 
reactance -jX c would we need 
to ’stretch' our 70.23 degree 
horizontal transmission line 
out to a total of 84.075 
effective electrical degrees?” 
Now, if we look at equation 
(1-6.0) we see it can be re¬ 
written to solve for X c when 
AS° and K c are given. We 
know K c , and AS° is just our 
needed extra length of 
13.845 degrees. Therefore, 


To obtain 1,041.56 Ohms 
of capacitive reactance at 3.5 
MHz, we will need a con¬ 
denser capacity of 'An 3.5 x 
106 x 1,041.56 = 43.66 x 
10*12 farads. Of course, the 
nearest standard tuning 
capacitor size to 43.66 pico¬ 
farads is fifty picofarads. The 
remaining capacity in the 
variable tuning condenser 
would permit us to tune 
down a bit below 3.5 MHz, 
either to listen around or 
transmit if we had some legal 
reason (MARS?) to do so. As 
the DDRR antenna is electri¬ 
cally small, there will be quite 
a respectable voltage drop 
across the tuning condenser 
C Use 10 kV per 1.0 kW of 
peak input power to the 
antenna to obtain a decent 


safety factor to prevent con¬ 
denser flash-over on modula¬ 
tion peaks. Readers will see 
that if we kept adding 
capacity C, the 75 meter 
band DDRR could be pushed 
on down to the 160 meter 
band and even into the 
standard BC frequency assign¬ 
ments. Please don’t try to do 
this! A bit below 3.5 MHz is 
fine. When you add more 
tuning capacity to the DDRR 
to stretch tuning too far, a 
number of undesirable things 
begin to happen to lower 
efficiency. We have an 
optimum design up to here. 
Don't ruin it, please. If you 
need 160 meter coverage, 
design a separate 160 meter 
band element according to 
the relations given here for 75 
meters. In Part II we will tell 
how to combine the elements 
into a single allband DDRR 
which can hop from one band 
to the next like a jackrabbit. 


Matching the DDRR 

In Fig. 3(e) the DDRR 
transmission line section is 
shown, still in “straightened 
out” form. Although we do 
not yet know the values of 
radiation resistance R r and 
the environmental ohmic loss 
resistance Rn, these two “re¬ 
sistors" are shown schemati¬ 
cally connected in series 
between the base terminal 1A 
of the vertical post and 
ground 1G. In antenna 
theory, radiation resistance 
R r is always referred, by con¬ 
vention, to a current max¬ 
imum point in an antenna. 
Although “referred” to this 
point, however, the total re¬ 
sistance Rt = Rr + RJ2 may 
be “transformed" to any 
other point X on the antenna, 
just as our top load reactance 
|X(3A,3G) was transformed 
to the base terminals 1A,1G 
of the monopole. That, how¬ 
ever, was a “movement” 
along the line length in the 
opposite direction. We also 
recall that when tuning 
capacitor C made jX(3A,3G) 
correct in value, it trans¬ 
formed along the length h° of 



the vertical post transmission 
line and became zero reac¬ 
tance at its base. The radia¬ 
tion resistance magnitude of 
an electrically small antenna 
is not large. By design, we 
also go all out to keep the 
ohmic loss resistance Rf2 
small in value. 

Now, if we tried to con¬ 
ventionally feed the DDRR in 
series with the vertical post 
base, we would face the very 
severe problem of making an 
impedance match between 
this very small value of re¬ 
sonant input impedance 

Zin(1A,1G) = Rr + + 10 

Ohms there and the charac¬ 
teristic impedance Z 0 of our 
standard feedline. To achieve 
such match would require an 
auxiliary impedance matching 
transformer which would also 
have to be tuned in track 
with C when we changed fre¬ 
quency. To avoid this need¬ 
less difficulty and technical 
messiness, we use the DDRR 
antenna itself as an impe¬ 
dance step-up transformer, so 
that we can connect the stan¬ 
dard feed transmission line 
directly to the DDRR 
antenna at some conductor 
point X to obtain a low vswr 
match. It was said a while 
back that the DDRR is just a 
system of open wire, trans¬ 
mission line "stubs.” There is 
a really wonderful thing 
about a resonant transmission 
line stub: At resonance, no 
matter at which point along 
its conductors you measure 
impedance, it always is found 
to be a pure resistance. If one 
end of a "one wire” line stub 


is “shorted," and you 
measure between the con¬ 
ductor point X and ground, 
you get an input impedance, 


This input impedance is 
schematically shown in Fig. 
3(f), where in equation 
(1-7.0) 



Ki is the characteristic impe¬ 
dance of the transmission line 
section to the left of point X 
of electrical length 01 
degrees; and K2 is the char¬ 
acteristic impedance of the 
transmission line section to 
the right of point X of elec¬ 
trical length 02 degrees; and 
Rt = R r + Rfi; and X c is the 
reactance of tuning condenser 
C at frequency f 0 . 

The great thing is that in 
practical design of a DDRR 
you don't have to bother to 
solve equation (1-7.0), nor do 
you have to have a nice but 
expensive Z bridge in order to 
make a low vswr impedance 
match to the DDRR in find¬ 
ing point X. This is because, 
when you design your DDRR 
antenna element section as 
given here and adjust con¬ 
denser C to produce 
resonance at the operating 
frequency f D , all shunt reac¬ 
tance at point X and ground 
goes to zero, leaving only a 
resistive value of input impe¬ 
dance. What you do instead is 
this: (a) carefully grid dip 


your new DDRR (loose 
coupling to the post base) to 
an fo close to the middle of 
the ham band; (b) put the rig 
on low power or "tune" so 
that it feeds a signal at f 0 into 
the coax leading out to the 
DDRR; (c) connect a vswr 
meter in series with the end 
of the coax close to the 
DDRR where you can read 
the instrument; (d) connect 
the shield braid of the coax 
on the other side of the vswr 
meter to a temporary ground 
point; and (e) starting at a 
point X a little way up the 
vertical post, tap the inner 
conductor of the coax to 
successively higher points X 
until vswr falls to 1.0:1 at f D . 

A few words of fraternal 
advice, however: 

(1) Make your grid dip 
reading to f 0 while adjusting 
C to get resonance without 
the coax feed connected to 
the DDRR; otherwise, you 
will get a false reading. 

(2) When you then con¬ 
nect the coax in shunt across 
point X and ground you will 
disturb the DDRR’s near¬ 
zone field and the resonance 
will shift frequency. That 
doesn’t matter: With the rig 
still on f 0 , “tweak" the 
tuning condenser CCW or CW 
until you find the point of 
minimum vswr at that point 
X on the antenna. If the 
minimum vswr found by 
careful adjustment of C is 
higher than 1.0:1, shift to a 
higher point X on the 
antenna and repeat the 
“tweaking" process. When 
you find the midband fre¬ 


quency point X where adjust¬ 
ment of C gives a minimum 
vswr of 1.0:1, you will find 
that this same fixed point X 
will yield a vswr of less than 
2:1 when the DDRR is tuned 
anywhere in the band (or a 
bit more). The final point X, 
found for 1.0:1 vswr in the 
middle of the band, may end 
up either on the vertical feed 
post or out on the conductor 
of the horizontal transmission 
line section; its exact location 
is determined by h° and K m , 
The larger h° is and the lower 
K m is, the lower on the 
antenna the 1.0:1 vswr point 
X will be found. Lastly, you 
will be bothered by the fact 
that the DDRR tuning is very 
touchy and that the presence 
of your body near the 
antenna affects tuning. This 
happens in all electrically 
small antennas of high effi¬ 
ciency. When you actually 
match your finished DDRR it 
will be in a different shape 
and have a remotely driven 
tuning condenser, and there 
will be no ordinary kind of 
metal sheet or radial wire 
ground plane beneath it. You 
will be able to mount it on 
the wooden garage roof or 
rest it on coke bottles over 
the bare ground. After giving 
last touches to the ham band 
DDRR, we will go on to 
describe some other electri¬ 
cally small, transmission line 
antennas which we hope you 
will find both interesting and 
useful. Because of your 
briefing on the DDRR, under¬ 
standing these other antennas 
will be mere child’s play. ■ 


-FOR SALE- 

18"FACSIMILE RECORDERS 

The leading manufacturer of 18" FACSIMILE WEATHER 
CHART RECORDERS is now updating an existing network to 
solid state equipment. This updating is making available a 
number of 18" weather map recorders ideally suited for anyone 
interested in experimenting with facsimile. 

These recorders, with suitable receiver and FSK converter, 
can be used to monitor radio weather chart broadcasts as well as 
press wire photo transmissions. 

These recorders are priced from S50 to $200 and are 
available on a first come, first served basis. 

Call or write Mr. Armand D. Bouchard 

ALIEN ElECTRSNIC IIMPIIIE1EC1IIINE EUIPMEKT El. INS. 
Washington Street, West boro MA 01581 (617) 366-8851 








Fig. 1. MINI-MOS electronic keyer with dual paddle key. The transistor battery in the 
foreground not only shows the size of the keyer, but can also power the keyer for over one year 
of daily operation. 

MINI-MOS- 
The Best Keyer Yet? 

--nothing Mickey Mouse about this one 
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Erich A. Pfeiffer WA6ECY 
16526 Buchei Drive 
Granada Hills CA 91344 


S ome time ago, when my 
code speed had gradually 
crept up to 16 wpm, I felt 
ready to trade my straight 
key for something more 
advanced. A “COSMOS 1C 
electronic keyer," described 
in an article by WB2DFA 1 
seemed to be a good choice. 
The keyer was built and 
seemed to perform fine. In 
due time, however, some limi¬ 
tations were found, which 
unfortunately proved to be 
inherent to the design 
approach chosen by 
WB2DFA: 

• The keyer did not 
have a dot memory. 
This makes it necessary 
to move the keyer 
paddle exactly in the 
right rhythm;otherwise 
one can easily lose dots, 
especially in letters like 
K, C and Y. 

• The keyer used a con- 
tinuously running 
clock. When the dot or 
dash contact is closed, 
the keyer has to wait 
for the next clock pulse 
before the code ele¬ 
ment is sent. This is 
especially noticeable at 
low code speeds. 

• The keyer drew very 
little current and was, 
therefore, operated 
from a 9 volt transistor 
battery. Theoretically 
the battery should give 
over 200 hours of oper¬ 
ation. If one forgets to 
turn off the keyer, 
however, it does not 
last very long. 

At a local hamfest I had a 
chance to compare several 
commercially manufactured 
keyers, including some that 
had dot and dash memory 
and iambic keying. After this 
experience I was no longer 
satisfied with my old keyer 
and decided to design a better 
one. My keyer was to incor¬ 
porate the features available 





in the best commercial 
keyers, but would also fully 
utilize the advantages of com¬ 
plementary MOS technology. 

The result of this design 
project was the M1NI-MOS 
keyer shown in Fig. 1, which 
has now been in use for over 
one year. This keyer has the 
following features: 

• Dot and dash 
memory and gated 
clock. 

• lambic operation 
when used with a 
double (“squeeze") 
paddle. 

• Extremely low 
standby current, which 
makes it unnecessary to 
provide an on-off 
switch. 

• Low “key down” 
current, which makes it 
possible to operate the 
keyer from a normal 9 
volt transistor battery 
for at least one year. 

• Low component 
count (7 ICs and few 
discrete components). 

• Built-in sidetone 
oscillator with speaker 
and keying circuit for 
grid-block keyed trans¬ 
mitter. 

The completed keyer is 
very compact and can be 
packaged in a minibox 
measuring only 2 by 2 by 4 
inches, including batteries 
and sidetone speaker. To¬ 
gether with a small dual 
paddle, the keyer was 
mounted on a base only 4 by 
4 inches in size. 

Circuit Description 

The keyer utilizes the 
“complementary metal oxide 
silicon” or CMOS technology. 
Digital integrated circuits 
based on this technology 
were first introduced by RCA 
as the CD4000 series, which 
is now also available from 
several other manufacturers. 
While normally the acronym 
CMOS is used for the tech¬ 
nology, RCA favors the term 
COS/MOS. Another family of 
CMOS ICs is the 74C series, 
which is pin compatible with 
the well-known 7400/5400 


TTL series. Until not too long 
ago, CMOS ICs were a rarity 
on the surplus market and, if 
available, were much more 
expensive than comparable 
TTL ICs. But today CMOS 
ICs are available from many 
mail order suppliers. While 
prices have come down sub¬ 
stantially, they still can differ 
a lot between dealers and it 
pays to compare advertise¬ 
ments. Because the CD4000 
series seems to be available 
more readily than the 74C 
series, it was used in the 
design of the MINI-MOS 
keyer. 

The operation of the keyer 
circuit will be described using 
the “positive logic” conven¬ 
tion. This simply means that 
when the voltage at a certain 
point in the circuit is “high" 
(close to the positive supply 
voltage VDD), it will be 
assigned a logical ”1.” Con¬ 
versely, the logical “0" 
corresponds to a “low" 
voltage (close to the negative 
supply voltage VSS). 


Fig. 2 shows the circuit 
diagram of the keyer and lists 
the parts used. The dot and 
dash contacts of the keyer 
paddles are connected to two 
RS (reset-set) flip flops which 
serve as memories for the 
entered code elements. These 
flip flops are made up from 
four NAND gates contained 
in 1C U1. One of the flip 
flops is redrawn in Fig. 3, 
which also shows the 
so-called “truth table” of the 
circuit. This table simply 
indicates the voltages at the 
outputs Q and Q of the 
circuit for the four possible 
combinations of input 
voltages. While these flip 
flops store the entered dot or 
dash, the code element cur¬ 
rently being sent is stored in 
one of the two flip flops U3A 
and U3B. These flip flops are 
of the D (data) type and can 
be set and reset in two differ¬ 
ent ways. A logical 1 at the S 
or R input of the flip flop 
will set or reset it asynchro¬ 
nously - that is, at the instant 


the voltage goes from low to 
high. The flip flop can also be 
set by a logical 1 and reset by 
a logical 0 applied to the D 
input. This, however, occurs 
synchronously with a clock 
signal applied to the C (clock) 
input and at the instant this 
signal makes a transition from 
high to low. 

When the keyer is in 
standby (that means if no 
code element is currently 
being sent), dot flip flop U3A 
as well as dash flip flop U3B 
are in the reset position and 
both their Qs will be high. In 
this case the output of AND 
gate U4A is also high. This 
output is connected to one 
input of the AND gates U2B 
and U2D. This has the effect 
that the output of the dot 
memory is connected to the S 
input of dot flip flop U3A, 
while the output of the dash 
memory is connected to the S 
input of dash memory U3B. 
One input of NOR gate U7A 
also receives a high signal 
which stops the clock. 



Fig. 2. Circuit diagram of the MINI-MOS keyer. Parts list: Ul - 4011 quadruple 2-input 
NAND; U2, U4 — 4081 quadruple 2-input AND; U3 — 4013 dual D-type flip flop; U5 - 4024 
7-slage binary counter; U6. — 4071 quadruple 2-input OR; U7 — 4001 quadruple 2-input NOR; 
Q1 - 2N5400 or other small signal PNP transistor with a voltage rating sufficient for the keying 
voltage of the transmitter; Q2 — 2N4142 or most any other small signal NPN silicon transistor; 
R5, RJI - miniature potentiometers, 100k Ohm linear taper; R6, R8 - trimpots, one turn, 
100k Ohm; C4 - see text; C3 — 22 microfarad, 15 volts; B1 - standard 9 volt transistor 
battery; B2 — A A cell, regular or alkaline type; SP — miniature speaker, 2 inch diameter (Radio 
Shack or other). 




Fig. 3. Reset-set (RS) type flip flop made up from NAND 
gates. The "truth table" shows the relation between signals at 
the inputs and outputs of the circuit. 



Now, when either the dot 
or the dash contact is closed, 
causing a logical 0 at the set 
input of the dot or dash 
memory, the Q output of this 
memory flip flop will go high. 
This in turn causes the corres¬ 
ponding D flip flop to be set 
instantaneously via its S 
input. When the D flip flop is 
set, its Q output goes low. 
This causes the appropriate 
memory flip flop to be reset 
at the instant the dot or dash 
contact is opened again. The 
logical 0 at the Q output of 
the D flip flop, via AND gate 
U4A, also disconnects both 
memory flip flops from the S 
input of their associated D 
flip flop. At the same time 
the clock is started. 

The D flip flops now 
operate in the synchronous 
mode and can change their 
state only when a negative 
going transition occurs at 
their C inputs. Let us assume 
that the dot flip flop U3A has 
been set in this way, and 
examine what happens when 
a negative transition occurs at 
the C inputs of U3A and 
U3B. There are actually four 
different possibilities: 

1. The dot contact has 
been opened and the dot 
memory has been reset. The 
dash memory has not been 
set. This results in a low 
signal at the D input of U3A. 
When the clock signal goes 
low, this flip flop will there¬ 
fore be reset and the circuit 
returns to the standby status. 

2. The dot contact is still 
closed and the dot memory, 
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therefore, has not been reset. 
This causes a high signal at 
the D input of U3A. This flip 
flop thus does not change its 
state when the clock signal 
goes low, which results in 
another dot being sent. 

3. The dot contact has 
been opened and the dot 
memory has been reset, but 
the dash contact has been 
closed, setting the dash 
memory. This results in a low 
signal at the D input of U3A 
and a high signal at the D 
input of U3B. When the clock 
signal goes low, U3B will be 
set, while simultaneously 
U3A is reset. Thus a dash will 
be sent following the dot. 

4. Both the dot and the 
dash contact are closed and 
both memory flip flops are 
therefore in the set position. 
This would place a logical 1 
at the D inputs of both U3A 
and U3B, were it not for the 
iambic gates U2A and U2C. 
These gates have one of their 
inputs connected to the Q 
output of the “opposite" 
memory flip flop. Because 
the dash memory is in the set 
position, its Q output is low. 
Via U2A this results in a low 
signal at the D input of U3A. 
The dot memory is also in the 
set position, but U3A is 
trying to reset it. As can be 
seen from the truth table in 
Fig. 3, this causes both 
outputs of the memory flip 
flop to go high. Via U2Cthis 
results in a high signal at the 



D input of U3B. When the 
clock signal goes low, this 
causes U3A to be reset and 
U3B to be set. If the dot and 
dash contacts continue to be 
closed, the process will be 
reversed the next time the 
clock signal goes low. The 
keyer, therefore, will send 
dots and dashes alternately in 
the so-called iambic mode 
until one or both key con¬ 
tacts are opened. (The word 
iambic, incidentally, comes 
from the iamb or iambus, a 
Greek verse in which long and 
short syllables alternate.) 

U3A remains in the set 
position while a dot is being 
sent, as well as for the space 
that follows. The clock pulse 
to reset U3A, therefore, has 
to occur two dot elements 
after the flip flop has been 
set. The clock pulse for 
resetting the dash flip flop 
U3B has to come 4 dot ele¬ 
ments after it has been set. In 
order to obtain the spaces 
after the dot and dash, pulses 
after 1 and after 3 dot ele¬ 
ments are also required. 
These pulses are obtained 
from the clock through a 
pulse divider. The clock 
consists of the NAND gates 
U7A and U7B, which are 
connected as a free running, 
gated multivibrator 2 ’ 3 . This 
circuit is amazingly stable, 
and a variation of the supply 
voltage between 6 and 10 
volts causes a frequency shift 
of only about 1 %. The square 
wave at the output of the 
multivibrator is not com¬ 
pletely symmetrical, however, 
and the first period after 


B 



Fig. 4. a. First design of the keying section, b. DeMorgan’s 
theorem (see text) applied to the NOR gate. 


being gated on may have a 
slightly different length than 
the following periods. In 
order to avoid timing errors, 
the clock signal was not used 
directly, but was divided in a 
frequency divider. The 1C U5 
very conveniently contains 
not fewer than seven flip 
flops which are connected as 
a seven stage binary counter. 
The output of the fifth Stage, 
Q5, goes high after 2^ or 16 
input pulses, and goes low 
again after 25 or 32 input 
pulses. This output is used to 
represent one dot element. 
Similarly, the output of 
the sixth binary stage, Q6, 
represents two dot elements, 
and the output of the seventh 
stage, Q7, four dot elements. 
A signal representing three 
dot elements is obtained by 
connecting Q5 and Q6 to the 
inputs of AND gate U4C. A 
reset pulse after 2 dot ele¬ 
ments must occur only if a 
dot is being sent, that is, if 
U3A is in the set position. 
Output Q of U3A is therefore 
used to gate Output Q6 via 
AND gate U4B. If U3A is not 
in the set position, the reset 
pulse comes from output Q7 
and occurs after 4 dot 
elements. OR gate U6A is 
used to combine the two 
reset pulses. The output of 
this gate not only provides 
the clock pulse for the two D 
flip flops, but also resets the 
binary counting stages of U5. 
As a matter of fact, when Q6 
or Q7 goes high and applies a 
high signal to the R input of 
U5, resetting the binary 
stages causes the output to 
immediately go low again. 
The clock pulse, therefore, is 
only about one microsecond 
long. 

Most modern transmitters 
and transceivers use grid 
block keying and their keying 
input carries a negative 
voltage of somewhere 
between 50 and 150 volts 
with respect to ground. On 
“key down,” the key has to 
sink a current of a few 
milliamperes. This voltage can 
easily be keyed with a PNP 





transistor of sufficiently high 
voltage rating. The emitter of 
this transistor has to be con¬ 
nected to the +VDD voltage 
of the CMOS circuit. The 
transistor is turned on by a 


logical 0 at its base. 

The initial design of the 
keying section is shown in 
Fig. 4a. The two AND gates 
together with the inverter and 
NAND gate are used to turn 


the keying signal off during 
the last dot element of a 
keying cycle, thus providing 
the space after the dot or 
dash. The circuit in this form, 
however, does not utilize 
efficiently the gates that are 
left over from the timing 
section of the keyer. The 
circuit of Fig. 4a was there¬ 
fore modified using a rule 
known as the DeMorgan 
theorem (named after a 19th 
century British mathema¬ 
tician). This rule simply states 
that a gate can be replaced by 
its opposite type (AND with 
OR or OR with AND) if 
inputs and output of the gate 
are inverted. If this rule is 
applied to the NOR gate of 
Fig. 4a, the circuit of Fig. 4b 
is obtained. If the rule is 
applied a second time, this 
time to the two NAND gates 
of Fig. 4b, the final circuit 
shown in Fig. 2 results, which 
utilizes the available gates 
much more efficiently than 
the initial design. 

The sidetone oscillator was 
built from the remaining two 
NOR gates (U7C and U7D), 
using the same circuit as for 
the clock. One OR gate, U6D, 
which was left over, was put 
to good use as a buffer to 
make the frequency of the 
sidetone oscillator indepen¬ 
dent of the sidetone volume. 


U6D has to be connected to 
the output of U7C, which is 
low during standby to keep 
current from flowing during 
the standby mode. The side- 
tone signal is applied to the 
base of transistor Q2, which is 
driven in class C mode. When 
volume control Rll is com¬ 
pletely counterclockwise, Q2 
remains cut off and no 
separate on-off switch for the 
sidetone is necessary. The 
power for the speaker is 
supplied by a separate battery 
(one AA cell). This was found 
to be simpler than providing 
an output transformer for the 
speaker. 

The keying transistor, Ql, 
is rated for a maximum 
collector-emitter voltage of 
-120 volts. Its current sinking 
capability is determined by 
the resistance of R9. With 
the value given in Fig. 2, the 
keyer can sink currents of up 
to 4 milliamperes even when 
the battery voltage has 
dropped to 6 volts. 

For use with a cathode- or 
emitter-keyed transmitter, Ql 
can be used to drive an NPN 
transistor with a voltage and 
current rating sufficient to 
key the transmitter. In this 
case R9 has to be chosen so 
that the NPN transistor 
saturates safely on "key 
down.” The MINI-MOS keyer 
also will have to be grounded 
at the -VSS rather than the 
+VDD side of the battery. 
This modification, however, 
is likely to increase the 
current drain on the battery. 

In order to show how the 
different parts of the MINI- 
MOS keyer circuit work 
together, a timing diagram is 
given in Fig. 5. This diagram 
shows the voltages at various 
points of the circuit when the 
letters “-T-E-K-” are being 
sent. For the letter K, which 
has been shown as being sent 
in the iambic mode, the func¬ 
tion of the dot and dash 
memories can easily be seen. 

Construction of the Keyer 

It is much easier to build 
the MINI-MOS keyer than to 



Fig. 6. Wiring diagram of the MINI-MOS keyer. View is at the 
pins of the integrated circuits. 
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understand the functioning of 
its circuit. The circuit was 
assembled on a small piece of 
perforated circuit board. The 
wiring was done with =24 bus 
wire, using spaghetti tubing 
(preferably teflon) as insula¬ 
tion at the points of wire 
crossing. All that is necessary 
for this technique is a small 
soldering iron, tweezers, a 
steady hand, and — if one is 
over 40 - a good watchmaker 
loupe. Long wire runs, like 
the supply buses, were 
"woven” through the holes of 
the circuit board to stabilize 
the wire in order to prevent 
shorts. From previous ex¬ 
perience, however, it was 
found advisable to work from 
a wiring diagram in order to 
prevent errors. This wiring 
diagram is shown in Fig. 6. (It 
would be a service to man¬ 
kind if some fellow ham 
experienced in the fine art of 
PCB layout would convert 
Fig. 6 into a printed circuit 
board.) A view of the com¬ 
pleted circuit board, mounted 
in the minibox together with 
the other components, is 
shown in Fig. 7. 

It might be worth men¬ 
tioning that the circuit was 
first assembled on one of the 
plug-in boards available for 
the breadboarding of 1C 
circuits. In transferring the 
breadboard to the final 
circuit board, an unusual 
problem was encountered: 
The circuit did not work, 
because the pinout diagram 
for the CD4013 in the RCA 
databook (1975 edition) con¬ 
tained an error (Fig. 6, how¬ 
ever, shows the correct 
connection). 

The keyer has only three 
external controls: adjust¬ 
ments for code speed (R5) 
and sidetone volume (Rll), 
and the tuning button, which 
was mounted on top of the 
minibox. Trimpots, accessible 
through holes, allow setting 
of the sidetone frequency 
(R8) and the maximum code 
speed (R6). The minimum 
code speed is determined by 
C4. When a .05 microfarad 


capacitor is used, the slowest 
code speed is about 5 wpm, 
while a .025 microfarad 
capacitor results in a 
minimum speed of about 10 
wpm. These capacitors should 
be of the mylar type in order 
to avoid frequency changes 
with changing temperatures. 
Because of the stability of the 
clock circuit, it is actually 
possible to calibrate R5 
directly in wpm, which 
should be of interest if the 
keyer is used to send code 
practice lessons. The standard 
code speed, as it is used for 
the FCC code test, is based 
on words exactly 50 dot ele¬ 
ments long (the reference 
word is "Paris”). Because 16 
pulses at the output of the 
master clock (U7B) corres¬ 
pond to one dot element, the 
code speed can be calibrated 
by measuring the clock fre¬ 
quency. If available, a 
counter can be used for this 
purpose; otherwise, the fre¬ 
quency can be beat against an 
audio oscillator. A code speed 
of “X" wpm corresponds to a 


clock frequency of X times 
13.3 Hz. Thus a code speed 
of, for instance 20 wpm, is 
sent when the clock is set to a 
frequency of 266 Hz. 

The standby current 
drawn by the circuit is less 
than 1 microampere. In the 
standby mode the life of the 
battery, therefore, is actually 
determined by its shelf life. 
On "key down” (actually, 
when both paddles are 
pressed), the circuit draws 
between 850 and 1000 micro¬ 
amperes, depending on the 
setting of the sidetone 
volume. For this current 
value the tables of the battery 
manufacturers show an 
estimated life of about 450 
hours until the battery has 
been discharged to 5 volts. 
The battery should therefore 
be good for well over one 
year of daily operation. So, 
once a year let the MINI-MOS 
keyer have a new set of 
batteries, whether it needs it 
or not. The sidetone ampli¬ 
fier, however, at maximum 
volume draws up to 10 


milliamperes of current. With 
a standard (carbon-zinc) AA 
cell, this results in a battery 
life of only about 200 oper¬ 
ating hours. If the sidetone is 
used at high volume settings, 
use of an alkaline type AA 
cell is therefore recom¬ 
mended to assure a full year 
of operation on one set of 
batteries. 

The MINI-MOS keyer can 
be operated with any single 
or double (squeeze) paddle 
key, although the iambic 
feature can, of course, be 
utilized only with the latter 
type. ■ 
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Fig. 7. View of the completed keyer with the top of the minibox removed. The sidetone 
speaker, the batteries and the tuning push-button are mounted in the top and connected to the 
circuit board by a 4 lead ribbon cable. 
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The Skinflint’s Delight 
Breadboard 


- - cheap imitation of a commercial 
1C DIP board 


Y ou say you’ve got that 
logic system all 
designed and are ready to give 
it a try? But you don't have 


anything to build it on and 
trying to build it without a 
circuit board would drive you 
crazy? And you hate to waste 


your time designing a circuit 
board for a circuit that may 
not even work? For a price, 
you could buy a bunch of 


those pre-etched bread¬ 
boarding cards. Or you could 
give up the whole thing. 
Thankfully, there is another 
alternative. 

Here is a system I’ve used 
with a fair amount of success. 
It’s inexpensive, easy to fabri¬ 
cate, gives a high component 
density, allows for easy 
changes, and can perform 
quite well as a finished 
product. To be honest, there 
are disadvantages. Firstly, 
your eyesight had better be 
good, since things get pretty 
crowded (but don’t all 1C 
projects?). Also, because of 
the crowding, a small solder¬ 
ing iron (such as an Ungar 
Princess^} is recommended. 
Since this is a breadboard, the 
neatness of the resulting 
circuit is somewhat less than 
optimum. If you think the 
plusses outweigh the nega¬ 
tives, please read on. 

What we are going to man¬ 
ufacture is a cheap imitation 
of a commercial 1C bread¬ 
board. The board is designed 
to hold six 14 pin DIP ICs in 
two columns of three 
packages. Between each 


1C breadboard with no wiring. Note tinned pads and discrete components. 



52 






Fig. 1. 


column and around the edges 
of the board are ground and 
supply voltage buses. A few 
extra conductor strips may be 
etched on the board, if 
desired, for mounting discrete 
components. Also, one edge 
of the board can be etched to 
mate with an edge connector. 
Getting all of those individual 
pads etched neatly sounds 
like quite a job. Luckily, 
there is a shortcut - called 
artwork tape. This is a narrow 
black tape, similar to masking 
tape, used primarily in 
drafting. The adhesive used 
on this tape is fairly imper- 



Now we can start. The 
process begins by laying out 
the 1C pin locations on the .1” 
grid paper. (See Fig. 1.) Line 
up the packages parallel to 


each other with like pins in a 
line. The pins are separated 
by .3” and the same spacing 
between ICs is about right. 
Between each column of ICs 
there should be space for two 
.125” conductors. Allow .4" 
for this. The edge of the 
layout should be about .3" 
from the nearest 1C pin loca¬ 
tion. In the layout shown, 
extra space has been left on 
the left side for mounting 
discrete components. The 
tongue on the bottom is of 
proper depth and width to fit 
an edge connector (measure 
yours), and starts .3” from 
the nearest 1C pin location. 

After the layout is com¬ 
pleted, cut a piece of circuit 
board to the proper size. 
Tape the paper layout in the 
correct position over the 
copper side of the board. 
With the center punch, punch 
all 1C pin locations hard 
enough to mark the copper 
and provide a start for a drill 
bit (but not hard enough to 
raise the copper around the 
punch mark). After punching 
all pin locations, remove the 
paper layout. 

To prepare the board for 
application of the resist tape 


and eventual etching, scrub 
the copper with steel wool 
until it’s shiny, and then wash 
it with warm, soapy water. As 
usual in any PC board article, 
you are now advised not to 
touch the copper with any 
part of your uncovered body 
(lest lightning strike). Since 
application of the artwork 
tape requires much handling 
of the board, thin gloves are 
recommended. 

Now get out the .062” 
tape and a knife. We are going 
to lay a stripe of tape perpen¬ 
dicular to the 1C orientation, 
covering all punch marks in 
that line. Start the tape about 
.2” above the first punch 
mark and end it the same 
distance below the last. It is 
easier to apply the tape 
longer than necessary and 
then trim it to the desired 
length. Press the tape firmly 
to the board with your 
covered finger or some sort of 
small roller. Repeat this 
taping process for all 1C pin 
columns (7 times for one 
column of 14 pin ICs). 

If you have or can borrow 
a Dremel Moto-tool, you can 
skip this paragraph. It is 
necessary to cut a gap in the 



vious to etchant, so the tape 
can be used as etch resist by 
direct application to the 
copperclad board. And since 
this tape is available in a 
dozen widths from .015” 
(that's narrow!) to .25”, the 
required conductor width is 
easy to obtain.* 

How To 

Before we start manufac¬ 
turing the board, the 
necessary tools and materials 
should be collected. These 


Center punching the . I" grid paper. 
















Applying tape to the board. Note rows of center punch marks. 


tape between each row of pin 
locations. Using the paper 
layout to mark guide points 
on the board, run your knife 
blade along a straightedge 
placed between rows of 
center punch marks. Remove 
a small section of the tape 
from between each pin loca¬ 
tion. This is necessary to 
allow the etchant to separate 
the pads. If a high speed burr 
is available, it can be used to 
cut the pads apart after 
etching (a much quicker 
process). 

Next, the .125" tape is 
used to lay out power supply 
conductors. Run a contin¬ 
uous line of tape along the 
left side and top of the board 
and another along the bottom 
and right side of the board. 
These separate buses then 
branch off between the 1C 
columns. Make sure that the 
pieces of tape overlap tightly 
where a conductor branches, 
and that there is sufficient 
gap between buses. Any area 
left over may be taped to 
provide independent con¬ 
ductors for mounting discrete 


components. 

To provide edge connector 
fingers, tape must be applied 
to the tongue of the board to 


exactly match the connector 
pin spacing. The easiest way 
to do this is to insert the 
tongue into the edge con¬ 


nector several times (taking 
care to remove the connector 
between insertions). The 
exact locations of the con¬ 
nector pins will appear as 
light scratches on the copper. 
It is only necessary to cover 
these scratches with tape, and 
alignment is assured. 

Now is the time to etch 
the board. Enough has been 
said about this process in 
other articles to avoid the 
subject entirely. But I can’t 
help myself. An easy way to 
agitate the board is to drill 
small holes in diagonally 
opposite corners and tie a 
piece of string to each corner. 
The board can then be 
dropped into the etchant, 
copper down, and moved 
back and forth and up and 
down during the etching 
process. This technique will 
greatly speed up the process, 
and enables you to handle the 
board without getting that 
damned etchant all over your 

After etching, the pads are 
cut apart with a high speed 
burr (Dremel), Don’t cut too 
deeply or accidentally cut a 



Completely taped board. 
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Using the burr to cut the pads apart. 


supply bus. The use of the 
burr takes a little practice, 
but once you get used to it 
it’s a pretty quick process. 


No additional solder is 
needed or wanted. Too much 
solder will only encourage 


shorts between pads. Wiring 
can be done neatly, using 
right angle turns and running 


the wire only between ICs or 
running directly point to 
point. Although the latter 
method looks pretty bad, it 
has the advantage of 
decreased noise pickup from 
wire to wire, since very few 
wires run parallel. Besides, it 
uses less wire. 

The extra conductors 
etched on the board can be 
used for discrete components. 
Where a pad for a component 
is needed, just drill a hole for 
the component lead and 
isolate that conductor area by 
cutting across it with the 

The fact that all connec¬ 
tors are hand-wired when 
using this technique makes 
changes easy to make. The 
production cost of this board 
is much less than that of 
commercial ones. You can get 
more components (especially 
ICs) on this board than on a 
board with printed wiring, 
since little room is needed for 
conductors. And if you can 
stand the sight of the mess of 
wiring, the board will make a 
pretty good finished pro¬ 
duct. ■ 


Now comes the most 
tedious part of the process. 
Drill all 1C pin locations with 
a No. 65 drill. Insert Molex 
pins or ICs and solder, tinning 
the entire pad. Now we've 
completed what we set out to 
do. 

Wiring 

Now that you have a 
board to mount your ICs on, 
the only other necessity is a 
means of connecting them 
together. For short connec¬ 
tions (e.g., Vcc and ground), I 
use No. 22 tinned solid wire, 
butt-soldered to the pads. For 
longer connections, insulation 
is a necessity. I use No. 24 
stranded hookup wire canni¬ 
balized from multiline tele¬ 
phone cords. If you need to 
buy new wire, teflon would 
be ideal. Since the solder pads 
are already tinned, it is only 
necessary to tin the end of a 
wire and then hold it in place 
on a pad while applying heat. 



With wiring hidden, board looks almost professional. 
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More PLL Magic 

--like low frequencies for RTTY 


T his article described a the need for an economical 
phase locked loop dr- op amp device which can 
cuil that can be built with a operate on a single supply 
single 1C chip. Integrated voltage. Those who have 
PLLs are available, but build- struggled with multiple 
ing the loop out of discrete batteries, power supply 
components and 1C amplifiers splitters, etc., will 
allows for experimentation immediately appreciate the 
not possible with the inte- advantage of the single power 
grated version. In addition, a supply feature. And best of 
general discussion of the all this can be anything from 
LM3900 linear amplifier is 4 to 36 volts, 
presented. A skeleton diagram of the 

This 1C contains four internal amplifier circuit is 
identical amplifiers in a 14 shown in Fig. 1. Note how 
pin DIP package. It satisfied this resembles a normal 



Fig. 1. LM3900 amplifier circuit. 


common emitter amplifier emitter on ground. With 1C 
rather than the differential fabrication techniques, this 
stages found in other op “diode” transistor and Q1 
amps. With the current mirror have almost identical 
circuit at the non-inverting characteristics and track 
input, single supply operation closely over wide temperature 
is possible. ranges. With this situation, it 

Instead of amplifying can be shown that the current 
voltage differences between into the non-inverting input 
the inverting and and the collector current of 
non-inverting input terminals, Q1 are equal. Any current II 
this amplifier responds to flowing into the non-inverting 
current differences. The input is “mirrored” about 
diode between the ground and is extracted from 
non-inverting input and the base current for Q2 
ground is actually a transistor flowing into the inverting 
with collector and base input. If II and 12 are equal, 
connected together and the the net current into the base 



Fig. 2. LM3900 pin connections. Top view of 1C. 
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Fig. 3(a). Inverting amplifier. 
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Fig. 3(b). Non-inverting amplifier. 


of Q2 is balanced out and 
current differences between 
the two terminals are 
amplified. 

As shown, the collector 
loads for the internal 
amplifying transistors are 
current sources. They present 
high impedance loads for 
these stages and achieve very 
high voltage gain. The output 
stage current is set at about 
1.3 mA by its current source. 
Thus a package of four of 
these amplifiers draws 5-7 
mA idling current. With the 
internal biasing circuit this 
current drain is relatively 
independent of supply 
voltage. 

To provide for 
amplification with reference 
to voltages, the input 
terminals are connected to 
the signal and bias networks 
through rather high value 
resistors, which convert 
voltage changes into current 
changes the amplifier can 
work with. The entire 
configuration can be thought 
of as a transistor common 
emitter amplifier with a very, 
very high beta and provided 
with a non-inverting input. As 
can be seen in the various 
circuit diagrams, the LM3900 
amplifier symbol is drawn 
with a current source 
between the input terminals 
and a current arrow at the 
non-inverting input. This 
helps distinguish it from 
conventional op amp types 
and also indicates its current 
differencing type operation. 
It is sometimes called a 
Norton amplifier to help 
make the difference 
identifiable. 

Fig. 2 shows the pin 
connections for the four 
amplifiers in a 14 pin 1C 


package. The amplifiers share 
common biasing circuitry but 
are otherwise independent for 
signal paths. 

Typical Bias Circuits 

An inverting amplifier 
circuit using the LM3900 is 
shown in Fig. 3(a). The 
resistor at the non-inverting 
input is tied up to the 
positive supply voltage. Since 
its value is twice that of the 
feedback resistor R2 and the 
currents at the inputs attempt 
to equalize themselves, the dc 
potential at the amplifier 
output biases off at 
approximately half the dc 
supply voltage. That is, the 
same current flows from the 
output through R2 to the 
inverting input as from the 
positive supply voltage into 
the non-inverting input via its 
bias resistor. Since R3 is 
twice the value of R2, the 
output dc level is half the 
supply voltage. 

Ac signal inputs through 
the coupling capacitor make 
the output follow the input 
with a voltage gain of R2/R1. 
Note that the output is 
inverted with respect to the 
input. 

The input bias current 
required by the 1C is 
extremely small as compared 
to a regular transistor 
amplifier. Values as low as 
30-50 mA may be used, thus 
the relatively large value 
resistors. The normal bias 
current for the non-inverting 
input should be limited to 
something like the 10-100 uA 
range for optimum operatioa 
Larger values tend to 
overdrive the current mirror, 
changing its gain from unity 
as required to properly mirror 


the current at the inverting 
input. 

Fig. 3(b) shows a 
non-inverting amplifier 
circuit. Note the biasing 
arrangement here. Again the 
dc level at the output is set at 
half the supply voltage. In 
this case, R2 and R3 are 
equal, but the bias potential 
for R3 is at half the supply 
voltage as determined by the 
voltage divider R4 and R5. 
Since the currents (dc) at the 
input terminals tend to 
equalize, the output voltage 
biases off at Vcc/2. 

The expression for the 
voltage gain of the 
non-inverting amplifier takes 
into account the impedance 
of the diode at the 
non-inverting input. With 
values in the megohm range 
for R2 and R3 the effect of 
Rd is negligible. 

For all practical purposes, 
both amplifiers shown in Fig. 
3 have a voltage gain of ten 
(20 dB). The dc level at the 
output being halfway 
between the supply voltage 
and ground allows for 
maximum output swing 
before limiting. The LM3900 
has an open loop gain of 70 
dB out to 1 kHz and drops 
off linearly at 20 dB per 
decade with unity gain 
occurring at approximately 


have the extremely high gain 
of the 741 type of op amp at 
dc and very low frequencies, 
but at 1 kHz and above it is 
about the same. The 3900 is 
internally compensated for 
this frequency rolloff 
characteristic. 

With the biasing schemes 
shown, the LM3900 can be 
used for any application 
requiring an op amp. By 
applying two input voltages 
through high value resistors, 
one to the inverting and the 
other to the non-inverting 
input, the device functions as 
a comparator for the inputs. 
A square wave oscillator is 
shown in Fig. 4. In this 
circuit, when the op amp 
output is at the high level, 
current flows into the 
non-inverting input via both 2 
meg resistors. When the 
capacitor charges up to a high 
enough potential, current 
flow into the inverting input 
from this source causes the 
op amp output to switch over 
to the low state. With the 
output low, the effective 
limiting resistance at the 
non-inverting input is now 2 
megs, cutting its current 
source in half. As the capaci¬ 
tor discharges and reaches 
lower voltage level where the 
current into the inverting 
input is low enough, the 
output again switches high 
and the cycle repeats. By 
juggling the bias resistor 
values, different duty cycles 
can be obtained to produce 
varying pulse width outputs. 

Low Frequency Phase 
Locked Loop Circuits 

The entire loop can be 
built using one 3900 1C chip, 
a few resistors and capacitors 
and one switching transistor. 



57 




Fig. 5. Voltage controlled oscillator. Note that this circuit has 
very linear response bet ween 2 and 12 volts. 


The main portion of the 
circuit is involved with the 
voltage controlled oscillator. 
A diagram for a vco using two 
sections of the 3900 is shown 
in Fig. 5. 

The first amplifier in the 
vco functions as an 
integrator, and the second is 
connected as a Schmitt 
trigger with wide hysteresis to 
monitor the output level of 
the first stage. When the 
Schmitt output is high, the 
transistor is turned on and 
diverts current away from the 
non-inverting input to 
ground. During this time, the 
current through R1 into the 
inverting input causes the 
integrator output to ramp 
down toward ground. 
However, when the lower trip 
point of the Schmitt circuit is 
reached, the transistor is 
turned off, and current into 
the non-inverting input causes 
the integrator output to turn 
around and ramp back up 
toward the positive supply. 
Note that the current into the 
plus input is twice that into 
the minus input. (R2 is half 
the value of Rl.) With 
current into both inputs from 
the source, the effect of 
current into the plus input 
overcomes that at the minus 
since it is twice as large. Wien 
the Schmitt circuit flips back 
over to the other state (high 
output), the transistor again 
diverts current from the plus 
input, and current through 
Rl takes over making the 
integrator output again ramp 
down. And so the process 
repeats. 

The vco circuit alone can 
be useful and an interesting 
one to breadboard. With a 
frequency counter on the 


output, it becomes a 
rudimentary form of digital 
voltmeter since it can be 
adjusted with the 1 meg pot 
so that 4 volts input produces 
400 Hz at the output, 5 volts 
gives 500 Hz, etc. The 
linearity between three and 
ten volts input is within one 
half a percent. Not bad for a 
simple circuit. This curve was 
run with a supply of 24 volts. 
Higher values of Vcc are 
desirable to get good range 
and linearity. In many 
applications linearity is only 
required over a fairly narrow 
range and this vco will easily 
do that. 

Fig. 6 shows the diagram 
for the complete phase 
locked loop. All four 
amplifiers in the LM3900 are 
used. U2, U3 and U4 make 
up the three basic sections: 
vco, phase detector and low 
pass filter. U1 is used as an 
amplifier for the input signal. 
This stage provides a square 
wave output swinging over 
almost the entire supply 
voltage range. The output 
symmetry is set by the 10k 
potentiometer at the input It 
limits to square wave output 
for any input of over a couple 
hundred millivolts rms. The 
input impedance is strapped 
down to about 600 Ohms to 
make it compatible with 
typical audio generator and 
communications receiver 
outputs. 

The vco is the circuit 
discussed previously. Note 
that the capacitor in the 
integrator section is made 
variable to set the free 
running frequency. With the 
high impedance of the 
LM3900 and the large 
external resistors, rather small 


values of capacitance are in 
order, even for frequencies as 
low as 1 kHz. 

The vco square wave (U4 
output) and the limited input 
signal (U1 output) are applied 
to U2 which is used as the 
phase detector portion of the 
loop. Note that the resistor at 
the inverting input of this 
stage is approximately twice 
the value at the non-inverting 
input Thus the signal from 
the vco tends to take over 
and control the output of U2. 
When the input frequency 
becomes close enough to the 
oscillator free running 
frequency, the loop will lock 
onto the incoming signal and 
remain in lock for frequency 
variations within the lock 
range. The capture and lock 
ranges are set primarily by 
the values of RC in the single 
low pass filter section. 
Experimentation is in order 
here as well as in other parts 
of the circuit. 

Once the loop is locked to 
the incoming signal, the vco 
frequency and the input 
frequency are identical 
except for a slight difference 
in phase. It is this phase 
difference which keeps the 
loop in lock by applying a dc 
output from the low pass 
filter to control the vco 
frequency. Fig. 6 shows the 
situation for a phase 
difference of 90 degrees 
between the outputs of U1 
and U4. With these inputs, 
the output of U2 can only go 


to the low state during the 
time the input signal is high 
and the vco is low. Otherwise 
the vco signal takes over and 
drives the output back high 
due to the 2X difference in 
input resistors. The average 
dc level at the output of U2 
shown in Fig. 6 is about 3/4 
Vcc. 

The RC low pass filter 
smoothes out the U2 output 
to drive the vco input. If the 
input frequency changes, the 
resulting phase change will 
cause the phase detector 
output to drive the vco such 
that it follows the input 
signal. As the resulting phase 
differences approach zero 
degrees and 180 degrees, the 
vco drops out of lock with 
the input During lock the 
phase detector output will be 
somewhere between 1/2 Vcc 
and Vcc. A little study of the 
phase diagram in Fig. 6 
should help clarify this. The 
important point in 
understanding loop operation 
seems to be grasping the fact 
that it locks onto an 
incoming signal by virtue of a 
phase difference between 
input and vco such that the 
phase detector dc output is 
right to make the vco 
frequency equal to the 
incoming frequency. 

By applying the input 
signal to the vertical channel 
of an oscilloscope and U4's 
output to the horizontal 
channel, locking can be 
observed as the input 
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frequency is swung into the 
capture range of the loop. 
Then, as the frequency is 
varied within the lock range, 
the Lissajous pattern 
indicates the phase difference 
while still maintaining lock. 
This scope presentation is 
worth a thousand words 
while breadboarding the 
circuit. During lock, the 
scope display is steady as a 
rock. 

Depending upon the values 
used in the low pass filter, the 
lock and capture range can be 


varied somewhat for specific 
applications. The values for 
the circuit in Fig. 6 are 
suitable for a center 
frequency of 2200 Hz which 
is adjustable by the variable 
capacitor in the vco. Initially, 
out of lock the loop captures 
over a range of about 1900 
Hz to 2450 Hz. Once in lock, 
it will maintain lock over a 
wider range, approximately 
1550 Hz to 2900 Hz. 

RTTY enthusiasts will 
note that this frequency 
range includes the normal 


tones used in that mode. The 
dc output variations at the 
low pass filter are rather small 
with a 170 Hz shift in 
frequency, but adequate to 
drive an 1C comparator stage. 
This makes a single terminal 
unit with the addition of 
some sort of keying circuit 
for the TTY selector magnets. 
Additional filtering of the 
low pass filter output is 
required before driving the 
comparator to eliminate false 
triggering of the sheer stage. 
Other than actually driving a 


printer with this circuit, no 
further work was done on a 
terminal unit for RTTY. 

Hopefully, this article will 
be of interest to those inter¬ 
ested in experimenting. The 
LM3900 itself is so useful in 
all sorts of applications that 
after playing with the phase 
locked loop circuit, the 1C 
can be put to good use in any 
number of ways. Most of the 
ads feature this chip for 
about a half dollar, so getting 
a few to try is certainly worth 
the small investment. ■ 
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The Logic Grabber 

-selected interval logic tracer (S.I.L.T.) 


o 

o 

_d 

XX 

oo 


00 

SftIPSi 



SN7402 

SN7404 

SN7408 

SN7410 

SN7420 

SN7430 

SN7442 

SN7473 

SN7475 

SN7489 

SM7490 

SN7493 

SN74107 

SN74150 

SN74195 

SN74200 


Gate Type 

NAND gate 
NOR gate 
Hex Inverter 
AND gate 
NAND gate 
NAND gate 
NAND gate 
BCD to decima 
JK flip flop 


Code 

(assume 1st uni 
in diagram) 
00ND01 
02NR01 
04HX01 
08AN01 
10ND01 
20ND01 
30ND01 
42BD01 
73FF01 
75LH01 
89RM01 
90DC01 
93BC01 
107FF01 
150MX01 
195SR01 
200RM01 


T he logic probes which 
are described in amateur 
radio magazines today are 
what I call static logic probes. 
That is, they require that the 
logic levels they are checking 
not change at all during the 
measurement period, or at 
least not so fast that the eye 
cannot follow. This is fine for 
simple low speed circuitry, 
but won’t work well for com¬ 
plex or high speed circuits. 

I would describe the 


S.I.L.T. unit, however, as a 
dynamic logic probe, as it 
allows one to make logic level 
measurements on the most 
complex and high speed 
digital logic circuitry one 
would expect to find in any 
ham shack. It will do this 
even while the circuitry is in 
normal operation. Time 
periods no longer than 20 or 
30 nanoseconds may be 
"frozen" out of any longer 
period of time and examined 



Table I. (a) Coding method. Code is typed or printed on 
masking tape and applied to bottom of ICs. This saves much 
referencing to the layout diagram and helps avoid wiring to the 
wrong !C. (h) Suggested list of codes. 


Fig. I. The basic S.I.L.T. circuit. RJ makes certain that the U1 
"CL” input is positive enough to enable Ui, R2 is used to 
satisfy TTL rules and may be replaced by a TTL input or LED 
readout load. 






at your leisure for proper 
pulse coincidence, absence of 
proper pulse at a specified 
time, presence of a wrong 
pulse, etc. This enables the 
home brewer to determine if 
his digital logic project is 
working properly, or to trace 
any troubles that may crop 
up in a particular digital logic 
project. 

In this article I will 
attempt only to describe the 
heart of the S.I.L.T. unit. The 
variations that any particular 
user may want to include 
with this unit are unlimited, 
and determined by the type 
of use to which he intends to 
put it. You might compare it 
to a basic meter movement or 
a cathode ray tube, and the 
thousands of different uses 
they may be put to. 

In the cases of very com¬ 
plex and/or high speed digital 
circuits, the S.I.L.T. can take 
the place of the much more 
expensive triggered sweep 
scopes in most amateur appli¬ 
cations. The S.I.L.T. cannot, 
however, display waveforms. 
It can only tell you if a 
particular logic state (high or 
low) is present at any given 
instant of time - a very 
useful bit of knowledge, if 
you think about it. 

Fig. 1 shows the basic 
S.I.L.T. unit. It uses two very 
common ICs. One is the 7475 
quad bistable latch, and the 
other is the 7473 or the 
74107 dual JK flip flop. The 
only difference between the 
7473 JK flip flop and the 
74107 JK flip flop is the pin 
basing diagram. In the 7473, 
Vcc is pin 4 and ground is pin 
11. In the 74107, Vcc is pin 
14 and ground is pin 7. Since 
the other pin connections are 
also different, I would suggest 
that when ordering these 
from your supplier you ask 
for a data sheet for the units 
you are getting. As far as 
electrical and logical opera¬ 
tion go, the 7473 and 
74107 are identical. For some 
unknown reason the differ¬ 
ence between their prices 



varies from one supplier to 
the next. 

Circuit Theory 

Before I discuss the opera¬ 
tion of this circuit, let me 
review the operation of the 
two ICs. The outputs of the 
JK flip flops will toggle (or 
shift) logic states at each 
negative going (high to low) 


transition of the logic level 
(at the “C” or "clock” input) 
only if two other logic situa¬ 
tions are satisfied. First, the 
“CL” or “Clear” input logic 
level must be high. Second, 
the “J” and "K” inputs must 
also be at a high logic level. 

If the “CL” input is a logic 
level low, the flip flop will 
clear and the outputs will be 


forced to a reset state. That 
is, the Q output will be 
forced to a low logic state 
and the Q output will be 
forced to a high logic state. 
Logic level transitions at the 
“C” input will have no effect 
on the outputs while “CL” is 
low. 

If the “CL” input is high 
and both the “J” and the 






Fig. 2. The D.S.I.L.T. circuit. Cl and C2 are used to provide a direct ground for logic pulses. 
VCC and GND connections to ICs are not shown, but should be bypassed with at least .001 uF 
caps. Resistors are 'A or 'A Watt. 


"K" inputs are low, logic 
transitions at the "C” input 
will also have no effect on the 
output. However, unlike a 
"CL” logic low condition, the 
outputs will not be forced to 
a certain logic state, but will 
hold whichever logic state 
they had before the “J” and 
"K” inputs went low. 

The "S" or "Strobe" 
inputs of the 7475 quad 
bistable latch work in a 
manner reminiscent of the 
"j" and “K" inputs of the JK 
flip flop. Some call this input 
“C", or “Clock.” When the 
"S” inputs are at a high logic 
level, the “Q" outputs will 
reflect exactly the logic levels 
of their respective “D” 
inputs. When the “S” inputs 
go to a low logic level, the 
data present at the Q outputs 
is frozen and, even though 
the "D" inputs' logic levels 
may change, the data at the 
"Q” outputs will remain until 
the “S" inputs go to a high 
logic level again. It is worth 
noting that this 1C also has 
the complementary Q out¬ 
puts. 

With all of this in mind, I 
will now go into the opera¬ 
tion of the basic S.I.L.T. unit. 


If the "CL” input of U1 in 
Fig. 1 is grounded or at logic 
level low, the outputs will be 
a low at Q and a high at Q. If 
the “CL” input is then un¬ 
grounded, it will be pulled up 
to a high level through 
resistor Rl. Now, since Q is 
still high and it is connected 
to the "J" and “K" inputs, 
the flip flop is enabled. A low 
to high transition on the "C" 
input will have no effect, but 
a high to low transition on 
"C” will toggle the flip flop. 
The Q output will become 
high and the Q output will 
become low. Since the "J” 
and “K” inputs arc tied to 
the 0 output, they will also 
be low, and, as I said earlier, 
this disables the flip flop but 
does not reset the outputs. 
Any further activity at the 
"C” input is ignored by the 
flip flop. U1 is effectively 
latched up until a low is 
applied to the “CL" input. 
The U1 Q output is also 
tied to the “C” input of U2, 
For the moment, let's assume 
that a high logic level is 
present at U2’s “CL" input, 
and that U2 has been reset. 
That is, U2's outputs are Q = 
low and Q = high. Now U1 is 


tripped as described in the 
last paragraph and its 0 logic 
level drops from high to low. 
Since this output is also tied 
to U2's "C” input, the high 
to low transition trips (or 
toggles) U2. Also, since U2’s 
0 is tied to its “J" and “K" 
inputs, U2 also latches up just 
as U1 did. Again, U2 won’t 
reset until its “CL" input 
goes low. 

Since the switch used to 
ground UTs "CL” input is a 
manual normally open push¬ 
button, Ul won’t be reset 
until you want it to be. U2's 
“CL” input is a test lead, just 
as Ul's "C” input is. Now if I 
connect U2’s "CL” input to a 
timer, I can cause U2 to reset 
at any time I choose after 
Ul’s "C” input has been 
tripped. More on this timer 
later. 

Once U2 has been tripped 
and its Q output has gone 
low, its Q output will go high. 
Since this is tied to the "S" 
inputs of the 7475 quad 
latch, the Q outputs of this 
latch will follow any data 
present on the “D" inputs. At 
that instant of time I selected 
after Ul’s "C” input was 
tripped, a logic level low 
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pulse hits U2's "CL” input 
and U2 is reset, U2's Q 
output goes low, and U3’s Q 
outputs freeze on whatever 
data was present at that 
instant. 

In my own S.I.L.T. units I 
use LEDs for reading out the 
data frozen at the outputs. 
Other readouts might be a 
VOM, VTVM, BCD to 
decimal decoder with 
numeral readout, etc. This 
will depend on your applica¬ 
tion. Once you have recorded 
the data from the outputs, 
you can hit the reset button 
and another reading can be* 
taken, or you may want to 
move your “D" inputs and/or 
Ul “C” and/or U2 "CL” 
inputs to other points in the 
circuit. 

Those who have built 
digital frequency counters 
will recognize this circuit, 
since it is the same as the 
hold latches in a counter. 
One difference is my method 
of using flip flops, and the 
idea of using this circuit as a 
test instrument. 

Yes, the S.I.L.T. unit is 
very simple, but its uses are 
almost limitless. Fig. 2 is one 
example of how I first used 
the S.I.L.T. principle. This 
unit is a “Dependent" or 
D.S.I.L.T. I call it "depen¬ 
dent” because the basic 
S.I.L.T. unit depends on 
timing pulses from within the 
digital unit under test to reset 
the U2 flip flop. 

The operation of Ul, U2, 
and U3 is the same as in Fig. 
1. U4 and U5 are also 7475s 
and are added to the Q 
output of U2 so that three 
times as much data can be 
displayed for each test. LEDs 
LD-1 through LD-14are com¬ 
mon red mini-LEDs. LD-1 
through LD-12 are readouts 
for the quad latches, and 
LD-13 and LD-14 are used to 
keep track of the switching 
conditions of UI and U2. 

If UI is reset and Q is low, 
LD-13 will be off. When Ul is 
tripped, Q goes high and 
LD-13 lights to let you know 
Ul has been tripped. When 
U2 is tripped, Q goes high 






Fig. 3. D.S.I.L.T. layout is very handy for wiring and later troubleshooting. AH parts except 
wiring and capacitors are shown. Caps should be disc types and He flat across 1C pins. 


and LD-14 lights. When U2 is 
reset, Q goes low and LD-14 
goes out. R1-R4 are current 
limiting resistors for the 
LEDs. Switch SI is the reset 
switch. Switch S2 is used to 
reset U2 in case a low pulse 
does not arrive at U2's "CL” 
input. 

U6 through U9 are 7420 
four input NAND gates. The 
inputs to these gates may be 
connected in various ways to 
the circuit under test so that 
a selected number of coinci¬ 
dent pulses will trigger the 
appropriate response from U1 
or U2. Unused inputs may be 
tied to the appropriate re¬ 
sistor-driven high or low 
terminals. 

U10 and U11 are 7404 
hex inverters which invert the 
outputs of U6 and U8. Their 
outputs, along with the 
outputs of U7 and U9, are 
fed to the inputs of ICs U12 
or U13, which are 7400 dual 
input NAND gates. 

My purpose in building the 
D.S.I.L.T. was to aid in 
troubleshooting a digital VFO 
that I have in design. You 
may not need as many as 
three latches, or you may 
require more than three. 
Also, the inputs may vary to 
suit your needs. Many 
methods of construction may 
be used. I offer my method 
only to give you some ideas. 

Construction 

The first step in the con¬ 
struction process is to choose 
a wiring method. Printed 
circuit board is by far the 
best choice. I didn’t choose it 
because I hadn’t had much 
success with those tenth of an 
inch 1C pin spacings, and also 
because usually, as soon as I 
finish etching a PC board, I 
decide to make a circuit 
change. Uses for the 
D.S.I.L.T. are so variable and 
changing that it may never be 
put on PC board at this 
station. 

Another choice is perf- 
board, with molex 1C socket 
pins. I've used this method, 
but it seems that when more 
than two ICs are used, a short 


almost always develops some¬ 
where. 

1C sockets are an excellent 
choice if you don't mind 
having more invested in 
sockets than in ICs. 

The method I finally chose 
was a variation of the 
methods described in a Ham 
Radio article. 1 First, I 
decided on a layout (see Fig. 
3). Then I chose a plastic box 
of proper size. Next, silicone 
rubber sealer was applied to 
the top of an 1C and the 1C 
was placed upside down in 
the bottom of the box so that 
its legs were pointing upward. 
Be cautious that you position 
pin 1 of each 1C in the same 
direction each time, or you’ll 
have trouble identifying the 
pins. All other parts, LEDs, 
resistors, and ICs were 
mounted using this method. 
If a part needs to be replaced, 
it is easy to pry it up and 
“glue” in another. 

If you tip a couple of ICs 
upside down on a tabletop, 
you will soon discover that if 
you don’t already know the 
1C number, you’ve got a 
problem. Not so. Type the 
number on a small strip of 
masking tape. Cut and trim 
the tape to size and apply it 


to the bottom of the 1C. 
Better yet, use the coding 
system shown in Table 1. 

The wire I used is #26 
Beldsol enamel. It has an 
insulation that melts off 
when a high temperature 
soldering iron is applied to it. 
Don’t worry if you should 
accidentally touch the wire 
with the soldering iron. The 
insulation doesn’t come off 
that easily. Neatness in 
wiring, in this case, is an 
invitation to disaster. Direct 
point-to-point wiring is pre¬ 
ferred. Do not bundle your 
wires, as these bundles are 
fair to excellent transformers 
for digital pulses. Use extra 
heavy wiring or copper 
strapping for the B+ and 
ground wiring, not so much 
because of high current re¬ 
quirements, but to cut down 
the impedance to high fre¬ 
quency square waves. 

Using this system with 
seven or eight ICs, I soon 
found that wiring errors are 
next to impossible to avoid. 
So I developed an idea similar 
to that used in kit construc¬ 
tion. First, I developed the 
code shown in Table 1. Then, 
using the pin numbers shown 
in Fig. 2, I made up the 


charts shown in Table 2. 
Following this table I made 
no wiring errors and the unit 
worked fine the first time. 

I used common pins cut 
off to about three eighths of 
an inch lengths to run the 
wiring through the side of the 
plastic box. Common pins 
that are attracted to a magnet 
seem to take solder best. 
Again, silicone rubber sealer 
holds these firmly in place. 
You have several choices for 
the other end of your test 
leads. A large or small alliga¬ 
tor clip will allow you to 
make simultaneous contact 
with no fewer than two 1C 
pins. This is not exactly what 
I had in mind. One good 
choice is the GRABBER 
Model #3925 mini test clip. 2 
This, in my opinion, is the 
best choice, but for units 
with as many data and trigger 
input leads as my D.S.I.L.T., 
these clips could make up a 
large percentage of the cost. 

The choice I made was to 
use about two feet of #26 
Beldsol wire for each lead and 
to solder the test lead directly 
into the circuit under test. 
This sounds like a nightmare, 
but it really is very easy — 
especially on the solder side 
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20ND01 
l To Pin 
U8/A 
U8/B 
BLANK 
U8/C 
i U8/D 
; 9/00ND01 

GND 

! 3/04HX01 

I U9/A 
l U9/B 
BLANK 
! U9/C 
I U9/D 
1 VCC 


2 NC 

3 NC 

4 8/04HX01 

5 8/20ND02 

6 12/107FF01 

7 GND 

8 10/107FF01 

9 6/20ND01 

0 4/04HX01 

1 NC 

2 NC 

3 NC 

4 VCC 
20ND02 

in To Pin 

1 U6/A 

2 U6/B 

3 BLANK 

4 U6/C 

5 U6/D 

6 9/04HX01 

7 GND 

8 5/00ND01 

9 U7/A 
0 U7/B 


11 BLANK 

12 U7/C 

13 U7/D 

14 VCC 
04HX01 

Pin To Pin 

1 NC 

2 NC 


GND 

4/00ND01 

6/20ND02 


VCC 
107FF01 
Pin To Pin 
1 2/107FF01 


*2 

GND 

6/107FF01 
2/107FF01 
8/00ND01 
6/107FF01 
6/00ND01 
SW1 
VCC 
75LH01 
Pin To Pin 

1 NC 

2 U3/A 

3 U3/B 

4 5/107FF01 

5 VCC 

6 U3/C 

7 U3/D 


1 NC 

2 U4/A 

3 U4/B 

4 5/107FF01 

5 VCC 

6 U4/C 

7 U4/D 

8 NC 

9 LD8 
LD7 


1 NC 

2 U5/A 

3 U5/B 

4 5/107FF01 

5 VCC 

6 U5/C 

7 U5/D 

8 NC 


Table 2. D.S.I.L. T. wiring tables from all ICs to their connections. This takes care of all major 
wiring except for some resistor and switch hookups. The numbers preceded by an * indicate the 
" fanout" required from an output with more than one connection. Thus, pin 2 of the I07FF0I 
goes to 3 inputs. Pin 5 of the 107FF01 goes to 7 inputs, which is close to maximum (about 10 
TTL loads in most cases). NC means no connection. BLANK means that the 1C has no internal 
connection on that pin. 


of a PC board. A Wald 
portable soldering iron is a 
great help, but is not 
necessary. 

The power for the 
D.S.I.L.T. is robbed from the 
unit under test. Bypassing is 
the word to worship here. I 
bypass every 1C with a .001 
capacitor. 

Switches SI and S2 are 
unique. Manufactured 
switches are (a) expensive, (b) 
massive, and (c) unnecessary. 
I built my own SPST 
switches. First, two pieces of 
tin or copper are cut to one 
quarter inch squares. Then, 


using a center punch, a 
dimple is made in the center 
of each piece. A one 
sixteenth inch hole is drilled 
through the bottom of the 
plastic case in one corner. 
The two wires, one from 
ground and the other from 
Ul’s “CL” pin, are passed 
through this hole. Either wire 
is soldered to the dimpled 
side of one of each of the two 
squares of metal. Next, one 
wire is pulled back through 
the hole until the metal lies 
flat against the hole (with the 
bump in the metal facing 
away from the bottom sur¬ 


face). The metal is held in 

place by, you guessed it, 

silicone rubber sealer. Be 
careful not to get any sealer 
on the exposed surface of the 
metal. 

Now, before the sealer 
hardens, the other wire is 
pulled back through the hole 
until the other square of 

metal can be positioned 
about one sixteenth of an 
inch above the other and be 
held there by just the stiff¬ 
ness of the wire supporting it. 
The bumps on the two 

squares should be facing each 
other and almost touching. 


Apply silicone rubber sealer 
around the metal pieces, 
being very careful not to 
force sealer between the two 
pieces. The finished blob of 
sealer should look similar to 
the little sample the sealer 
company puts on its 
cartons to demonstrate its 
qualities. 

This entire procedure 
should be repeated on 
another corner of the box, 
using a wire from U2's “CL" 
pin and a wire from a re¬ 
sistor-driven logic low 
terminal. Also, blobs of sealer 
should be put on the re¬ 
maining two corners of the 
case. Once this sealer sets up, 
these serve as excellent 
nonskid feet for the 
D.S.I.L.T. When a corner of 
the box with the switch in it 
is depressed, the two pieces 
of metal are forced together. 
Releasing the case allows the 
elastic qualities of the sealer 
to pull the metal pieces apart. 

This simple switch saves 
much space and money. It 
also leaves several of my ham 
friends scratching their heads 
and wondering where the 
switch is. Most of these ideas 
come from trying to do some¬ 
thing with as little as possible. 
They may seem weird, but 
the fact that they work is all 
that matters. 

I would say that if you 
understand the logic of the 
D.S.I.L.T., you can probably 
use it properly on any logic 
circuit you understand. You 
may even be able to use it to 
figure out some logic schemes 
that you are not sure of. 

If you are just starting to 
study logic circuits, however, 
I suggest you use the simpler 
static logic probes before 
building an S.I.L.T. type unit. 
Although the D.S.I.L.T. is a 
very simple circuit, its use 
does require complex logic. ■ 
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Global Calculations 
for the DXer 

-•using a hand calculator 


H ave you ever wondered 
how far away that DX 
location was? Maybe you’ve 
even been curious enough to 
try measuring the distance 
from a map - and have found 
that it can’t be done very 
well. Most maps are either 
too small to measure on 
accurately, or have inaccurate 
distances (this is the case for 
the common Mercator projec¬ 
tion), or both. But if you 
have a pocket calculator and 
know your latitude and longi¬ 
tude, you can crank out an 
accurate distance to any place 
in the world, within a 
tolerance of a few miles, in a 
very short time. You don’t 
need pencil and paper, and 
your calculator need not be a 
$700 programmable beauty, 
either. Mine cost $59, and 
like many under-a-hundred 
dollar units, it does the job 
nicely. 

What is essential is that the 
calculator handle trig func¬ 
tions - sines and cosines — 
and their inverses. A memory 
register is also useful, 
although not essential. This 
means the calculator needed 
is one step up from the 
simple four function types 
that are the cheapest. How¬ 
ever, there are many units 
that list for $100 or under 
(and sell for much less) that 
will fill the bill. Included 
among these are the APF 
Mark 20 (which I used to 


work the examples below), 
the Rockwell 63R and 61R, 
the Sears ESR, Unitrex 80SR, 
Novus Math, Casio FX-10, 
Heath IC-2000 (a kit), and 
even the Sinclair Scientific 
(which I’ve never seen, but 
understand is listed for only 
$50). If current calculator 
discounting practices are any 
guide, you ought to be able 
to get this one in trade for a 
pair of 807s and an old 
modulation transformer! 

Of course, the calculation 
can also be done, and very 
efficiently, with a machine 
like an HP-35 or HP-45. The 
primary difference is that 
these machines use Reverse 
Polish Notation (RPN) which 
involves a slightly different 
keying sequence. The mathe¬ 
matics is, of course, exactly 
the same as given below. 

The basic task is to solve 
for one side of a spherical 
triangle, given the other two 
sides and the angle between 
them. What may be a bit 
confusing, if you look this up 
in a reference on navigation 
such as Bowditch’s Practical 
Navigator, is that the lengths 
of the sides of the triangle are 
stated in degrees in the 
formula — degrees as seen 
from the center of the earth. 
Here’s the standard formula: 

cos c = (cos a) (cos b) + 

(sin aHsin bMcos Cl 


where the quantities are as 
shown in Fig. 1. Point A is 
your QTH, point B is the 
distant location and point C 
is the north pole. 

Solving this can take a lot 
of key punching, even with a 
machine to look up sines and 
cosines for you. And the 
answer comes out in degrees 
on the earth’s surface, which 
requires a further conversion. 
The final blow is that, 
although a, b and C are angles 


in degrees, none of them is 
directly a latitude or longi¬ 
tude. You’ll appreciate why 
in the past this type of 
figuring went on mainly on 
ships where position changes 
slowly. Aircraft navigation 
generally ignores lats and Ions 
except if an inertial or VLF 
navigator is aboard, and those 
gadgets contain a lot of com¬ 
puter. 

For our ham purposes, 
however, the formula can be 



S 

Fig. 1. The spherical triangle. 
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0.874619 

0.5722638 

0.6557152 

49.02608 

3390.1534 

Table 1. 


(.7652) (cos 61°) (cos 77") 


.6543 sin 61" 


(all) 


simplified considerably. The 
first thing to do is to pre¬ 
figure two constants from 
your home latitude: Ki = cos 
b and l<2 = sin b. If you’re in 
the northern hemisphere, side 
b of the triangle is 90° minus 
your latitude. Huntington, 
Long Island, New York, 
where I live, is at 40° 52’ 
north latitude, so for me 

Ki = cos b = cos (90 - 40° 52') = 
sin 40 52' = .6543 

and 

«2 = sin b = sin (90° -40° 52') = 
cos 40° 52' = .7562 

I plug these two numbers 
into the formula. They never 
change, so why recompute 
them every time? Now we 
have 

cosc = (KI) (sin LATdH- 

(K2 ) (cos LATd) (cosC) 

Notice that in rewriting 
the formula I’ve changed 
cosines to sines and vice versa 
so that latitudes can be used 
directly. 

That angle C is the differ¬ 
ence between your longitude 
and LONq, the longitude of 
your destination. Simple 
enough; just subtract the 


larger longitude from the 
smaller in most cases. What 
can trip you up is if you’re on 
one side of Greenwich and 
the distant point is on the 
other. In that case you add. 
Three examples should make 
this clear: 

(1) Huntington, N.Y. (73° 
19’ W) to Honolulu, Hawaii 
(157° 55’W). 

C= 157° 55’ -73° 1.9’ 

C = 84° 36’ 

Always subtract the larger 
from the smaller. What you 
want is a positive number of 
degrees. 

(2) Huntington, N.Y. (73° 
19’ W) to Moscow, U.S.S.R. 
(37° 40’ E) 

C = 73° 19’+ 37° 40’ 

C = 110° 59’ 

If this addition comes out 
to be more than 180 degrees, 
you’ve got the long path. 
Subtract the result from 360 
and call that C. 

(3) Huntington, N.Y. (73° 
19’ W) to Tokyo, Japan 
(139° 28’ E). 

C = 73° 19’ + 139° 28’ = 
212° 47’ (too big) 

C= 360-212° 47’ 

C= 147° 13’ 

I’ve rearranged the stan¬ 
dard formula for easier use 
and to come out with an 


answer in statute miles. The 
final version is: 

d= (69.15) • 

[cos LATo)+<K 2 ) , 

• (cos LATd> cos (LOND±LON H )]j 

That’s still a pretty for¬ 
midable formula, but it can 
be worked through without 
memory stacks or parentheses 
keys, and without ever 
needing a pencil and paper 
(assuming you have a 
memory in your calculator). 
The secret is to have this 
formula, with your two con¬ 
stants already in it, posted in 
front of you. START INSIDE 
THE PARENTHESES AND 
WORK BACKWARDS. Here’s 
how I work an actual 
example with my calculator, 
which, like many, has an “F" 
button to shift the keys from 
numbers to functions - like 
sin x, sin*1 x, etc. The two 
end points are my QTH 
(LON H = 73°) and 

Anchorage, Alaska (LATd = 
61° N, LONd = 150 W). I’ve 
rounded off Anchorage’s 
coordinates to even degrees. 
Do this. It saves keypunching, 
and the maximum error 
you’ll ever get is 35 miles. Big 
deal. 

The calculation we’re 
going to do is: 

d = (69.15) • 

[cos-’ l(.6543)(sin 61)+(.7562) 
•(cos61) cos (150-73)]] 

(Clear the calculator com¬ 
pletely, and follow the steps 
shown in Table 1.) 

So the distance from 
Huntington, N.Y. to 
Anchorage, Alaska is about 
3390 miles. Using the 
minutes and seconds of coor¬ 
dinates as close as I can find 
them gives 3329 miles. I 
don’t find the difference very 
significant. 

Here’s the formula for 
Huntington, N.Y. to Paris, 
France, which is on the other 
side of the Greenwich 
meridian at LATd = 
48.52°N, LONq = 2.2 °E: 



The-»above works for any 
two points in the northern 
hemisphere, and can go quite 
fast. 

With your personal version 
of the formula in front of 
you, you can run through the 
calculation (with no goofs) in 
under two minutes. If, during 
a phone QSO, someone will 
give you his latitude and long¬ 
itude, you can do the whole 
thing while he’s telling you 
about his super whizbang 
beam antenna, and get back 
to him with what we might 
call the QTD — the distance 
spanned by the QSO. 

What about the southern 
hemisphere? After all, there 
are a lot of countries south of 
the equator. No problem, 
really: We just need a slight 
change in the formula. It 
becomes: 

QTD = (69.15) • 

[cos-1 [(-KiHsin LATd)+(K 2 ) „ 

• (cos LAT D ) cos (UON H ±UON D )lj 

The only difference 
between this formula and the 
previous one is that minus 
sign before “Ki (sin LATd).’’ 
It can easily be handled if 
your calculator has a “change 
sign” key. Just hit it at the 
end of line 10 in the step-by- 
step example. Using this for 
Huntington to Rio de 
Janeiro, Brazil (LAT = 22.54 
S, LON = 43.15 W), I get a 
distance of 4794 miles. 

There you have it — a 
fairly simple method to tell 
you your distance from any 
place in the world. If you 
really get hooked on this 
game as I have, you might 
consider owning The Inter¬ 
national Atlas by Rand 
McNally. It lists 160,000 
places in the world alphabeti¬ 
cally with their latitudes and 
longitudes. I’m looking for¬ 
ward to the day when I can 
work the ultimate in DX. For 
me that’s Augusta, in Western 
Australia, lat. 34.19 S Ion. 
115.10 E, distance from my 
QTH - 11,794 miles. Of 
course, if I could somehow 
arrange to work somebody in 
South Huntington, N.Y. long 
path ... ■ 
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David F. Miller K9POX 
7462 Lawler Avenue 
Niles 1L 60648 


Instant Counter Calibration 

--using your TV set 


I f this is the first issue of 
73 that you’ve read in the 
last five years, then perhaps 
you haven't noticed that we 
are over the threshold of the 
age of "gnat’s eyebrow" fre¬ 
quency measurement! It’s 
rather fortunate that the 
development of affordable 
frequency counters paralleled 
the recent rapid growth of 
two meter FM, because the 
serious FMer should have (or 
have access to) a reasonably 
accurate frequency counter 
for netting the crystals in his 
(her) rig. The luxury of being 
“talked-in" on the larger 
systems has passed. For the 
moment, let’s suppose that 
you have your own frequency 
counter; how does one go 
about accurately calibrating 
(or at least verifying the cali¬ 
bration of) the little gem? 
Faced with this same problem 
recently, I began to look 
around for something on 
hand that would provide a 
solution (in the time honored 
"ham tradition"), and came 
to rest on the TV set, the 
one-eyed monster. Now, 
before you leave in disgust, 
stick with me a little longer 
and see what a handy little 
frequency reference a TV set 
can be when tuned to a 
network station. 

All four TV networks, 
NBC, CBS, ABC, and PBS, 
presently use rubidium fre¬ 


quency standards to generate 
their color burst, horizontal 
sync pulses, and vertical sync 
pulses. Some local stations 
also use rubidium standards 
locked to the network with 
which they are affiliated, but 
unless you are sure, you can’t 
count on it (pun?). These 
rubidium standards are trace¬ 
able to NBS (National Bureau 
of Standards) of WWV fame, 
inasmuch as the networks are 
monitored by NBS and 
offsets are published 
periodically. 

At this point, it should be 
explained exactly what a 
rubidium frequency standard 
is, since it sounds so good. 
Rubidium 87 is a metallic 
element whose atomic 
resonance is 6834.6826 MHz. 
This natural atomic resonance 
of rubidium 87 is very stable 
and not easily upset by 
external factors (particularly 
when properly shielded and 
operating in a temperature- 
controlled cavity). The 
rubidium unit influences con¬ 
trol on a crystal oscillator, 
which then adopts the same 
order of stability as the 
rubidium reference. The 
crystal oscillator feeds a fre¬ 
quency synthesizer that 
contains outputs of 5.0 MHz 
and 3.579554 MHz (color 
burst frequency). The long¬ 
term (one year) stability of 


commercially available 
rubidium standards is ±5 x 
10-11, a nd the short-term 
(one second) stability is ±1 x 
10‘11; these figures improve 
even more when correlated to 
NBS offsets. 

The TV station uses the 
3,579,545.4 Hz color burst 
signal as a reference for its 
sync generators, which then 
derive the familiar horizontal 
and vertical sync signals used 
to lock the sweep oscillators 
in the home TV receiver. The 
gears are undoubtedly 
clicking at this point and 
you're beginning to eye the 
mahogany knothole with 
some quick glances. 

Here's how you can take 
advantage of those highly 
accurate signals that are 
beaming around us, all of 
eighteen plus hours a day. 
The easiest way I've found is 
to pick up the horizontal 
sync signal, which is in abun¬ 
dance inside the cabinet of a 
TV receiver due to its use for 
the derivation of the high 
voltage that’s needed to run 
the picture tube. This high 
voltage spike can be found 
anywhere around the flyback 
transformer or the picture 
tube yoke (which is a safer 
area to work in). If the set 
has a wooden or plastic 
cabinet and your counter is 
sensitive enough, you may 


find enough signal to lock on 
even outside of the cabinet 
(try the picture tube screen 
for openers). Note that there 
is no need to connect either 
lead from the counter 
directly to the TV receiver. In 
fact, unless the TV set is 
equipped with a power trans¬ 
former, it would be disastrous 
to do so (especially if the 
counter is grounded, which it 
should be)! Some of the 
newer portable TV sets have 
no power line isolation trans¬ 
formers and use bridge recti¬ 
fier circuits for ac to dc con¬ 
version, with the result that 
even reversing the ac line cord 
won’t place the dc common 
at ground potential (it's 
always hot). This situation 
makes it impossible to hook 
up externally grounded test 
equipment to these sets 
unless an external isolation 
transformer is used. The pre¬ 
ceding was mentioned only to 
protect the innocent. During 
a network color broadcast, 
the horizontal scanning fre¬ 
quency will be 15,734.265 
Hz, which I have read on my 
Heath IB-1103 by simply 
placing a well insulated lead 
from the counter over the 
deflection yoke on the neck 
of the picture tube. You’ll 
notice, if your counter will 
read below 1 Hz, that the 
’*.265” will vary between 
counter sampling periods 
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(because you're not phase 
locked to the signal, but this 
is really splitting hairs). It 
should hit ".265'' occa¬ 
sionally. On most counters, if 
you’re within a couple of 
cycles of 15,734 Hz, you're 
in good shape. Incidentally, 
you can use a black and white 
TV instead of a color set, 
because its horizontal oscil¬ 
lator is locked to the color 
standards (H and V sync 
pulses) as well, just be sure 
you are tuned to a network 
color program. Most network 


color mobile units now have 
rubidium standards on board, 
with the possible exception 
of the small news “mini-cam” 
units, so that even in-the-field 
sporting events will provide 
accurate sync signals. One 
more thing: Don't be in a 
hurry. Give yourself enough 
time to average the reading 
over a 10 or 15 minute 
period. This will give the 
clocking oscillator in the 
counter time to stabilize after 
adjustment, and also will 
permit you to observe the 


medium term stability of 
your counter. Whether or not 
you actually watch the pro¬ 
gram on the TV screen is 
strictly up to you. 

There are some inherent 
errors in the system just 
described (such as distortion 
in the microwave relays used 
for cross-country TV signals, 
transmission and multi-path 
distortions within the local 
“ether," and distortions that 
take place within the TV 
receiver itself), but these are 
phase and not frequency 


distortions. So as long as 
you’re not trying to read to 
three places below one cycle 
(Hertz), don’t fret about 'em 
(the purists should be happy 

There you have it: no 
digging into the circuitry, 
handy at most times of the 
day and night, available 
throughout the country, and 
very accurate. What more 
could be asked for? Just one 
thing — better give the TV set 
back to the wife and 
kiddies! ■ 


FAST SCAN AMATEUR TELEVISION 

EQUIPMENT 


► BROADCAST QUALITY PERFORMANCE •SOLID STATE 


* RCVR MODEM 


<^>Aptron Laboratories 

Box 323 Bloomington IN 47401 


We’re Fighting Inflation 
No Price Rise for ’76 

FOR FREQUENCY STABILITY 


Depend on JAN Crystals. Our large stock of quartz 
crystal materials and components assures Fast 
Delivery from us! 



CRYSTAL SPECIALS 


Frequency Standards 

100 KH Z (HC 13/U).$4.50 

1000 KH Z (HC 6/U). 4.50 

Almost all CB sets. TR or Rec .$2.50 

(CB Synthesizer Crystal on request) 

Amateur Band in FT-243 .ea. $1.50 

.4/$5.00 


80-Meter .$3.00 (160-meter not avail.) 

For 1st class mail, add 20* per crystal. For Airmail, 
add 25*. Send check or money order. No dealers, 
please. 



Dlv.of Bob Whan & Son Electronics, Inc. 
2400 Crystal Dr., Ft. Myers, Fla. 33901 
AHPbones: (813) 936-2397 
Send I0 e tor now catalog 


Best for beginners... preferred by pro's! 

NYE VIKING SPEED-X 




Model 114-310-003 

$8.25 

One of 8 models, 
all sure-handed ... 
smooth operating 
... priced from 
$6.65. 


NYE VIKING SUPER SQUEEZE KEY 

Fast, comfortable, easy... and fun! 



Model SSK-1 (shown) 

$23.95 

Model SSK-3 (has 
sub-base to hold 
any SPEED-X Key). 

$26.95 


Whether you're a "brass pounder" or a "side swiper" 
insist on the sure, smooth fee/, and the long-lasting 
quality that is built into every NYE VIKING KEY. 

Prices subject to change. 

Available at leading dealers around the world or 
write for a descriptive catalog. 

WM. M. NYE COMPANY, INC. 

1614 - 130th Ave. N.E., Bellevue, WA 98005 
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Fig. 1. Low cost 10 Watt ATV transmitter (exciter left , 
amplifier right). 


H ere's a compact 10 
Watt fast scan amateur 
television (ATV) transmitter 
with audio on the video 
carrier and T/R switching 
that can be built for about 
$120 (Fig. 1). The rig incor¬ 
porates the video exciter 
described in the June 1976 
issue of 73 to drive a quasi- 
linear 10 Watt 3/4 meter 
amplifier. No amplifier tune- 
up is required since it utilizes 
the Motorola MHW-710 
sealed power module. (For 
theory of operation of this 
module in the ATV mode, 
refer to Nov/Dec 1975, page 
37 of 73.) 

Operating at 13.8 V dc, 
the transmitter draws about 
2.7 Amps from an external 


regulated power source. 
Linearity and frequency 
response performance is 
shown in Fig. 2. 

As noted above, the con¬ 
struction details for the 
exciter have already been 
given; therefore only the 
amplifier circuit will be 
described here. Several differ¬ 
ent mounting arrangements 
are possible, so you may wish 
to deviate from the following 
procedure. Of course, both 
the amplifier and exciter can 
be collocated in the same 
enclosure; however, experi¬ 
mentalists may prefer the 
two-box modular approach to 
effect rapid exciter or ampli¬ 
fier interchange with future 
designs. 


Super Simple 450 MHz Rig 

- go ATV with a $42.50 module 



Fig. 2. Performance curves, 10 Watt ATV transmitter. All vertical scales uncalibrated. Power: 
13.8 V dc @ 2.7 A. (a) Linearity: top scale — video in; bottom scale— detectedrf output; 10 
useejdiv horizontal; 10 Watts out (average). (b) Frequency response: top scale — video in; 
bottom scale — detected rf output; 10 usecjdiv horizontal; burst order (in MHz) 0.5 , 1.5, 2.0, 
3.0, 3.58, 4.2. 
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Amplifier Construction Pro- 5. Using four #8 screws, 
cedure lockwashers and nuts, bolt 

Refer to Parts List and the corners of the heat sink 
pjg_ 3. to the chassis. 

1. Drill holes in chassis 6. Solder all seven pins of 
and heat sink per Figs. 4 and the module to the PC board 
5. Make sure that holes in (pin numbers shown in Fig. 
heat sink line up with holes in 7). 

chassis. 7. Mount 3 BNC connec- 

2. Referring to Fig. 6, tors, feedthrough capacitor 

mount all components to PC and ground lugs to chassis. As 
board. (Foil layout for board shown in Fig. 9, also secure a 
is shown in Fig. 7.) #8 terminal lug to one of the 

3. Using two #4-40 screws holding the heat sink 
screws, lockwashers and nuts, t0 the chassis. This is the 
bolt PC board to two “L” relay ground lug. 

brackets as shown in Figs. 8 8. Run twisted #20 wires 

and 9. f rom the feedthrough capaci- 

4. Spread heat sink com- tor and ground lug (next to 
pound over back of heat sink feedthrough) to + and GND 
and Motorola MHW-710 on the PC board respectively, 
module. Place module on Solder a 500 uF electrolytic 
inside of chassis and heat sink capacitor across the feed- 
on outside. Place PC board through and ground lug. 
mounting brackets on 9. Completely cover the 
module. Position brackets, transparent plastic sides and 
module and heat sink so that end of the relay with copper 
all holes line up. Bolt all foil. Also run a .2” strip of 
together with two #6-32 foil across the bottom of the 
screws, lockwashers and nuts, relay (where the contacts 



Fig. 4. A TV 10 Watt amplifier chassis drill guide. Notes: All 
dimensions are in inches. AH measurements are from outside 
edge of chassis. Chassis is LMB #139. Guide is not drawn to 
scale. 



Fig. 5. Heat sink drill guide. Heat sink is International 
Rectifier HE330-C or Wakefield 623-K. 



Fig. 3. 10 Watt amplifier schematic. K1 is Archer (Radio 
Shack) #275-206relay. LI is Ferroxcube. VK200-20/4B. 


are). The relay socket is not on the PC board (module pin 
used. Solder all copper foil 7). Solder the cable shield 
pieces together to insure a directly to the grounded por- 
good shield. tion on the BNC connector. 

10. Position the relay as The other shield is inserted in 

shown in Fig. 9. Terminals A the hole provided on the PC 
and B will be up. Solder the board and soldered to the 

#8 terminal to the copper foil foil. All shield lengths must 

at the end of the relay be as short as possible, 

opposite from the contacts. 14. Solder the Vi” long 
This will partially secure the center conductors and shields 

relay in place while also of the two 4” long cables to 

grounding the relay’s shield. BNCs “A” and “R.” Also 

11. Solder wire from the solder the Vi” long center 

ground terminal to terminal conductor and shield of the 

#4 of the relay. Solder a wire BA" cable to “OUT” on the 

from the feedthrough capaci- PC board (module pin 1). 

tor (+V dc) to terminal #1 of Again keep shield lengths as 

the relay. short as possible. 

12. Prepare four RG-188 15. Solder the VA” long 

cables as shown in Fig. 10. center conductor of the cable 

13. Connect the 3" cable from the PC board to 

from the “IN” BNC to "IN” terminal A of the relay. 



Fig. 6. 10 Watt A TV amplifier PC board, component side. 



Fig. 7. 10 Watt ATV amplifier PC board, foil side. All 
dimensions in inches. Board is glass. 
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Solder the shield to the 
relay’s copper foil near the 
terminal thus creating a small 
loop. Solder a 4.7 pF capaci¬ 
tor between the grounded 
shield and the terminal (see 
Fig. 11). Solder the cable 
from BNC "A” to relay 
terminal B in like manner. In 
the same way, solder the 
cable from BNC “R" to the 
relay terminal immediately 
below terminal A. Again all 
shield lengths should be as 
short as possible. Also keep 
loops as close as possible to 
their respective capacitors. 

16. Screw on bottom 
cover of chassis and label 
using stick-on lettering (see 
Fig. 4 and 5 for lettering). 

17. The amplifier is now 
complete (see Fig. 12). 

Tune-Up With QRP Rig 

Connect a short length of 
RG-58 coax from the “OUT” 
connector on the QRP trans¬ 
mitter to the “IN” connector 


of the amplifier. Also connect 
a through-line wattmeter and 
dummy load or antenna to 
the amplifier's output (BNC 
“A”). Apply 13.8 V dc from 
a regulated 4 Amp con¬ 
tinuous supply to both the 
amplifier and exciter. 

Basically follow the tune- 
up procedure given in the 
QRP rig article. Of course, 
now you will be aiming for a 
good picture at about 10 
Watts instead of % Watts. The 
following suggestions may be 
of help: 

a) Remove the core 
from L6 on the exciter. 

Set the “L” (level) con¬ 
trol fully counterclock¬ 
wise. These actions will 
knock down the drive 
level which should 
make tune-up easier. 

b) Start with “C” (con¬ 
trast) control fully 
clockwise. 

c) Adjust output modu¬ 
lation and power levels 



using the 4 variable 
capacitors in the ex¬ 
citer’s output circuitry. 
Don’t rely too heavily on 
the picture you see on your 
local TV monitor since the 10 
Watt transmitter will 
probably overload it. Try to 
have an on-the-air station, re¬ 
motely located, assist you. If 
you use a coupler, detector 
and oscilloscope to tune up 
the rig, you may note a 15 to 
20 MHz oscillation on the 
signal. It will generally not be 
observable on your TV mon¬ 
itor. To attenuate this para¬ 
sitic signal, adjust LI through 
L5 for minimum oscillation 
amplitude. 

A complete ATV station is 
shown in Fig. 13. Be sure to 
use hardline and a good 


antenna for best perfor¬ 
mance. As explained in the 
QRP article, a separate 
receiver is required to derive 
audio from a signal using the 
audio-on-the-carrier format. 

Important Design Notes 
Amplifier power output is 
highly dependent upon power 
supply voltage. A 1 volt 
difference can result in a 3 
Watt difference in output 



Fig. 11. Relay contact 
connection. 



Fig. 10. RG-188 cable preparation. 


Fig. 12. Amplifier, top view. 





Fig. 13. Typical operational configuration. 


power. To achieve a good 
video signal at 10 Watts 
average power, 13.8 V dc 
must be used. Current drain 
will be slightly less than 3 
Amps. If the amplifier is 


driven hard into a class C 
mode (no video), it will be 
possible to initially obtain 
about 15 Watts. You will 
note that as the amplifier 
warms up, the power output 


will drop. This is natural 
operation for the Motorola 
module. Also don't be 
alarmed if the heat sink and 
case get very warm. This, too, 
occurs in normal operation. If 
you should use the amplifier 
without video, try not to 
overdrive it. Use the mini¬ 
mum drive power necessary 
to achieve full output power 
(about 300 mW). You will 
generate fewer spurs while 
also reducing possible damage 
to the input of the 710 
module. WARNING: When 
exciting the amplifier, always 



make sure that BNC "A" is 
loaded. I smoke-tested the 
amplifier with about 3 A Watts 
drive and no load and found 
that the amplifier self- 
destructed in 2 minutes (an 
expensive experiment at 
$42.50 a module!). The 
MHW-710 is rugged and can 
handle short periods of 
misuse but don't overdo it. 

When procuring the 710, 
you will note that two 
models are available: the 
710-1 for 400-440 MHz and 
the 710-2 for 440-480 MHz. I 
have used both types and 
found that they perform 
equally well in the 435-450 
MHz portion of the ham 
band. 

If you can't get at least 15 
Watts from your amplifier at 
a cold start using 13.8 V dc, 
you may be experiencing high 
losses in the relay circuitry. 
To verify this, connect a 
cable directly from the watt¬ 
meter to "OUT" on the PC 
board. Normally the relay 
will exhibit a 1 Watt loss in 
the 15 Watt range. Relay effi¬ 
ciency is highly dependent 
upon the length of cable 
between the relay and PC 
board "OUT." If you do have 
a loss problem, experiment 
using different cable lengths. 

The rig is placed in 
transmit by applying voltage 
to both the exciter and ampli¬ 
fier power terminals. This 
arrangement is rather uncon¬ 
ventional for normal PTT use, 
but has been implemented 
here for simplicity. You may 
wish to use the spare set of 
relay contacts and mount 
additional feedthrough 
capacitors to achieve a stan¬ 
dard switching scheme. 

Acknowledgements 

I am grateful to Charles 
Spitz W4API for providing 
many of the components 
used in the development of 
the rig. Terry Fox WB4JFI 
provided many valuable 
suggestions and also supplied 
the test equipment used to 
optimize the design. Stu 
Mitchell WA0DYJ/4 fabri¬ 
cated the PC board. ■ 


75 






by Wayne Green W2NSD/1 



EDITORIAL 































by John Craig 
































































?! WA8VNP 



The First 

Computer-Controlled Ham Station 

--Grand Prize winner at the WACC! 


Station console. Computer, station control, video display, and keyboard are rack-mounted for ease of operation. 
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T he microprocessor has 
established itself as one 
of the most useful and ver¬ 
satile products on the elec¬ 
tronic market to date. It is 
not too surprising that many 
amateurs are experimenting 
with and using micro¬ 
processors in conjunction 
with their radio hobby. The 
applications for micro¬ 
processors within amateur 
radio are as varied as the 
individual imagination, the 
best part being that a micro¬ 
processor-based implementa¬ 
tion of a complex function is 
relatively simple compared to 
its discrete component 
counterpart and is much 
more flexible. This article will 
attempt to give the reader an 
overview of what I've done 
with an Altair 8800 micro¬ 
processor-based system and a 
radioteletype station. Later 
articles will be more specific 
about software and will 
include construction articles 
for those wishing to use some 


Don's station was the Grand 
Prize winner at the recent 
Altair Computer Convention 
in Albuquerque, New Mexico. 
His system consists of a 
Heath SB-301 and SB-401, 
Altair 8800 with 8K of 
memory, ST-6, ASCII key¬ 
board, home brew video 
terminal, and Model 19 (for 
hard copy). It was the "only 
totally integrated system" 
among all the demonstrations 
set up there. - Ed. 


of these ideas. 

Some Definitions of Termin¬ 
ology 

A few definitions are in 
order before I get too far. 
These are my own definitions 
and are not necessarily 
rigorous. 

1. Microprocessor: An 
integrated circuit (sometimes 
several integrated circuits) 
which will perform a number 
of varied operations accord¬ 
ing to a list of instructions 
stored in memory; a com¬ 
puter on an integrated circuit. 

I will use the words micro¬ 
processor, processor, and 
computer almost inter¬ 
changeably through the rest 
of this article. 

2. Instruction set: A list 
of logical, mathematical or 
manipulatory operations that 
a processor will perform on 
data stored in memory or 
within the internal register 
structure of the processor. 

3. Hardware: The actual 
collection of electronic com¬ 
ponents, wire and other 
assorted stuff that makes up 
the computer system. 

4. Program: A sequence 
of instructions (selected from 
the instruction set) and data 
which directs the operation of 
the processor to accomplish a 
given task. A program is 
stored in memory while it is 

5. Bit: The smallest unit 
of memory. A bit may be 
either on or off, logical one 


or logical zero. 

6 . Byte: Eight bits. The 
byte has come to be a stan¬ 
dard measure of memory. 
Hang around a couple com¬ 
puter freaks and you will hear 
one of them ask how much 
memory so and so has. If the 
answer is over 8 thousand 
bytes you should be suitably 
impressed. If, on the other 
hand, the answer is some 
small number like 256 then 
you should say something 
like “What can he do with 
that?” If the number of bytes 
is given in so many K, for 
instance 32K, that is the same 
as saying 32 thousand except 
that it is easier. By the way, 
whenever someone is talking 
about memory, a thousand 
(or a K) usually means 1024. 
It’s easier to say 16 thousand, 
or 16K, than 16,384. 

7. Word: A unit of 
memory consisting of a some¬ 
what arbitrary number of 
bits, the number being 
defined by the particular 
processor used. It is the num¬ 
ber of bits that the processor 
operates on at any one time 
(don’t quote me on that since 
there are always exceptions). 
The most common word size 
for a microprocessor is 8 bits, 
or one byte. 

8 . Memory: The medium 
which stores programs and 
data such that the processor 
has access to any word at any 
time. 

9. Mass storage: A 
medium which is used for 


long term or large volume 
storage of information. 
Examples are magnetic tape, 
paper tape and magnetic disc. 
I distinguish mass storage 
from normal memory on the 
basis that information stored 
on a mass storage device must 
be transferred to normal 
memory before it can be used 
by the processor. 

10. Software: Programs. 
Programs are called software 
because they can be modified 
without too much trouble as 
compared to modifying a 
piece of hardware. 

11. Firmware: The excep¬ 
tion to the last definition. 
Sometimes programs are 
stored in a special type of 
memory that cannot be modi¬ 
fied by the processor (except 
in very special cases or if the 
processor begins to burn). 
These programs are called 
firmware because it is not as 
much trouble to modify a 
firmware program as it is to 
modify hardware, but it 
requires more profanity to fix 
an error in a firmware pro¬ 
gram than is normally asso¬ 
ciated with changing soft¬ 
ware. See the next three 
definitions. 

12. ROM: Read only 
memory. A type of memory 
that is programmed during 
manufacture. The contents of 
a ROM cannot be changed 
except by destruction. 

13. PROM: Programmable 
read only memory. A read 
only memory that can be 












programmed in the field by 
the user (meaning you). It is 
more useful to the amateur 
market than ROM since pro¬ 
gramming charges for small 
quantities of ROM (less than 
several thousand) are prohibi- 

14. EPROM: Erasable, 
programmable read only 
memory. Same as PROM 
except that it may be erased 
by high intensity ultraviolet 
light and re-programmed. 
There is also a new type of 
ROM being introduced which 
is electrically alterable (which 
screws up my definition of 
firmware, but I doubt if any¬ 
one who knows about it 
bothered to read the defini¬ 
tions). I think it is called 
EAROM for electrically alter¬ 
able read only memory. The 
main thing about ROM, 
PROM, EPROM (and 
EAROM, i think) is that it 
doesn't forget what it knows 

i 5. RAM: Random access 

processor and modified by 
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the processor. It also tends to 
forget what it knows if the 
power goes off unless it is 
magnetic core memory. Most 
microcomputers use solid 
state RAM since core 
memory is expensive and 
comparatively hard to use 
and uses much more power. 
Still, you will hear people 
talk about how much core 
they have even when they 
mean solid state RAM. Don’t 
bother to correct them - it’s 
a waste of time. I have been 
corrected many times and 
still have a tendency to call 
my memory core. 

1 6. FIFO: First-in-first- 
out buffer. A type of 
memory buffer which stores 
information (usually char¬ 
acters) in such a way that the 
characters are expelled from 
the memory (when re¬ 
quested) in the same order in 
which they were originally 
entered. Many radioteletype 
stations use such devices to 
simulate the paper tape 
punch/paper tape reader com¬ 
bination which can be used to 
allow an operator to type 


information ahead of the 
transmitter. 

17. UART: Universal 
asynchronous transmitter/ 
receiver. A circuit which con¬ 
verts serial data to parallel 
data and vice versa. 

The Inspiration 

When I first got into radio¬ 
teletype I never imagined that 
I would ever need or want 
anything beyond my RTTY 
converter (ST-6) and my 
Model 19 teletype machine. 
After operating my station 
for a couple years, I had 
talked to guys who had video 
displays, selective call-up, 
time/date prestidigitizers, 
UARTs and FIFOs, and all 
manner of other equipment 
better than mine. Hardly any¬ 
one knew what a Model 19 
was except that it made a lot 
of noise. Pretty soon my ears 
confirmed the suspicion that 
a Model 19 is not as quiet as 
it could be. Then one day 
some guy told me what 
UART stood for and how to 
use one. I decided to build a 
super station. 


I made a list of all the 
features I wanted to include 
in my ultimate teletype 
station. The major items were 
to be a video display, a solid 
state keyboard, use of 
UARTs and FIFOs, selective 
call-up, time/date generation 
and a message board. Minor 
items were added, deleted 
and modified almost daily at 
the outset of the design pro¬ 
ject. 

The first major sign of 
trouble appeared when I was 
considering methods to edit a 
72-80 character line down to 
64 characters so it would fit 
on my display. The most 
obvious idea is to break the 
line on a space if it occurs 
near the end of the line. For 
this purpose one has to con¬ 
sider the line feed character 
to be equivalent to a space. I 
was talking to some station 
up in Nova Scotia and telling 
him about this when I 
noticed that he, like many 
amateurs including myself 
from time to time, had the 
habit of ending a sentence, 
sending 10-20 periods (or 
dashes), and then beginning a 
new sentence. This could 
result in split words or lines 
beginning with umpteen 
punctuation marks if I simply 
looked for spaces to break 
my lines on the display. It 
began to look like I would 
have to settle for some funny 
looking print occasionally. I 
was willing to accept that, so 
I plunged ahead. But, by the 
time I was actually near the 
point of building anything, 
the designs had gotten to be 
so complex and inflexible 
that I wanted to wander onto 
1-71 pulling my Model 19 
right behind. Then I heard 
rumblings about the eventual 
legalization of ASCII for use 
on the amateur bands and all 
but gave up on the project. 

One day, in the depths of 
despair, I read an article on 
recent microprocessor break¬ 
throughs which had brought 
prices down to affordable 
levels. It didn’t take too long 
to realize that by simply 
interfacing the various com- 





ponents of my station to a 
computer, I would be able to 
simulate all of the desired 
features by writing appro¬ 
priate software. In addition, I 
would be able to write pro¬ 
grams that would do all sorts 
of other things I had never 
even considered building 
because of their complexity 
(e.g., almost automatic con¬ 
test operation). Time/date 
and selective call-up would be 
trivial. A FIFO could be 
simulated by software with 
the addition of elaborate 
editing capabilities (I don’t 
type so well). The legalization 
of ASCII would cause no 
problems since I could copy 
any code (including Morse) 
by doing the appropriate 
code conversion. I could even 
have the system whistle 
"Dixie." Such a deal. 

The Realization 

The block diagram shows 
the configuration that I 
finally decided to use. It is 
not as optimum as it could 
be, since it would be desirable 
to have a completely separate 
interface for the cassette 
recorder. Flowever, it is 
reasonable to use the RTTY 
demodulator and AFSK gen¬ 


erator for storing data on an 
audio cassette since it 
involves no additional con¬ 
struction other than a switch 
or two. I needed to get some¬ 
thing going to fill the time it 
would take to get a dedicated 
cassette interface going. 
Besides, using normal AFSK 
for cassette recording will 
probably turn out to be one 
of the best ways for amateurs 
to exchange software. 

The keyboard is a solid 
state keyboard (many types 
are available from the various 
surplus houses) which gen¬ 
erates a seven bit code 
(ASCII). The interface for the 
keyboard is a simple parallel 
input port and will be 
described in one of the later 
articles. 

The Heath SB-301 and 
SB-401 are monitored and 
keyed through the ST-6 
demodulator and a UART. A 
control channel allows the 
processor to select the shift, 
reverse the shift, select the 
speed of the UART, turn the 
transmitter on and off, and 
send make break or narrow 
shift CW. It is pretty simple, 
consisting of the UART and 
some latches to provide the 
necessary control. 


The video display is a 
home brew display and is the 
most useful item in the 
system next to the processor 
itself. It will display 29 lines 
of 64 characters per line in 
both upper and lower case, 
plus a few Greek symbols. 
The memory of the display is 
large enough to hold 32 lines 
of information but I have 
displayed only 29 lines to 
avoid uncomfortably close 
line spacing. The processor 
treats the display as normal 
memory rather than as an 
output device, and can read 
from or write to the display 
memory at a very fast rate, 
the actual rate depending on 
the program controlling the 
read or write functions. An 
upper limit for the transfer 
rate is about 2 million char¬ 
acters per second, the typical 
rate being closer to 100,000 
characters per second. The 
high read/write speeds mean 
that there is no need to build 
extra hardware for scrolling 
the display - one simply 
writes a short program that 
reads each character of the 
display and re-writes it on the 
next line up. Scrolling the 
entire display then takes 
about 50 milliseconds of 


processor time. Another 
advantage of this technique is 
that the display can be parti¬ 
tioned into several sectors 
and each sector can be 
scrolled independently of the 
other sectors. 

Another feature of the 
display is that each character 
can be controlled on an 
individual basis to produce a 
black character in a box of 
white. I use the video inver¬ 
sion feature for displaying 
cursors, which means that I 
can have as many cursors 
roaming around as I desire. 

The teletype equipment 
(my old Model 19) is inter¬ 
faced through a UART and 
simple loop driver and sensor. 

I use the teletype for pro¬ 
ducing hard copy of my pro¬ 
grams, my logs, and for 
printing teletype art. It also 
serves as an excellent backup 
system for making and 
reading paper tapes in case 
the cassette recorder decides 
to give up the ghost. 

The Sting 

The first practical use I 
made of the system was as an 
operating aid in the BARTG 
RTTY contest during the last 
weekend of March. I had just 
finished putting the system 
together and had gotten a 
resident assembler running (a 
resident assembler is an 
extremely valuable program¬ 
ming tool — watch for articles 
on programming) when I was 
invited to bring my system to 
Albuquerque as a display 
entry in the Systems Demon¬ 
stration Contest of the World 
Altair Computer Convention. 
It happened that the conven¬ 
tion was the same weekend as 
the BARTG contest. In four 
long evenings I wrote a 
contest program that would 
enable me to operate the 
contest from the convention 
while I was devoting most of 
my attention to telling people 
about the system. 

The processor "listened" 
to the receiver through the 
ST-6 and UART. When I was 
tuned to a valid RTTY signal, 
the information was edited 



Front panel of station console. 






Interior of station console showing the ST-6 boards, frequency meters, electronic keyer, and. 
interface boards. 


and displayed in one area of 
the video display. If I saw a 
station that I wished to work, 
I typed in the call of that 
station. The computer would 
instantly tell me if I had 
already worked the station or 
not. At the same time it 
would enter the call of the 
station, the current time, and 
the contact number on a line 
of the display that I had 
reserved for developing log 
entries. The only other piece 
of information that I needed 
to type was the signal report I 
wished to send to the station. 
By using special two letter 
commands, I could have the 
computer call the station (or 
answer him if he was calling 
rne), send the entire 
exchange, tell him that I QSL 
or ask him to repeat the 
exchange, or tell him that this 
was a duplicate contact. 
Other two letter commands 
allowed me to request the 
computer to send CQ and call 
QRZ. All of the text that the 
computer generated (which 
was complete with callsigns 
and carriage control) was 
displayed in another area of 
the screen. Upon completion 
of a contact the computer 
would turn on the printer and 
print a hard copy of all infor¬ 
mation required in the 
contest log. If a contact was 
started and not completed, 
then no log entry was made. 
The only information saved 
in memory after a valid 
contact was the callsign and a 
tag byte to indicate which 
bands the station had worked 
so the computer could do 


duplicate checking, as men¬ 
tioned above. The computer 
also handled generation of 
the CW identification, when 
necessary. 

The result was that I 
walked away with the first 
place prize in the system 
display contest, a floppy disc 
drive. Needless to say, I have 
altered my plans concerning 
construction of a separate 
cassette interface and will be 
devoting my time to writing 
software to utilize the disc 
drive as my mass storage 


The Implications 

So far I have only 
scratched the surface of the 
many possibilities for use of a 
microprocessor in the RTTY 
area alone. Other obvious 
uses for microprocessors 
within amateur radio include 
repeater control, CW recep¬ 
tion and transmission, 
antenna control (for OSCAR 
or moonbounce especially), 
and who knows what else. A 
less obvious but equally or 
more useful application is 
digital filtering. Slow scan to 
fast scan conversion would 


also be another interesting 
possibility. 

If you or your club has 
been doing work with micro¬ 
processor applications within 
amateur radio (or in any way 
related to amateur radio), I’d 
be interested in hearing about 
them. There are many ideas 
and techniques for using 
microprocessors rolling 
around out there, and I 
would like to help get them 
into print. Better still, write 
an article about your stuff so 
others will know what you 
are doing. ■ 
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I have had my computer 
operational for nearly 
four years now, but there are 
not many people who know 
what kind of computer I have 
- I don’t tell them. It is not 
that it is such a bad system; 
in fact, I have a floppy disc 
operating system with a TV 
display (including color 
graphics) and ASR33 Tele¬ 
type for hard copy, and an 
almost-running audio cassette 
interface. I have programs 
that play tic-tac-toe and Life, 
and that allow me to paint 
pictures on the TV set with a 
joystick or to make music 
through the cassette player 
amplifier. I keep the local 
computer club mailing list on 
disc, and have programs to 
sort the file and print labels. I 
have two different text 

assemblers. But when I tell 
someone that I have a 4004 
system, they look at me and 
think or say, “But that is a 
four bit processor. It is only 
half a computer.” 

Now, I will concede that 
four bits is only half of eight 
bits, and most of the micro¬ 
processors around are eight 
bit machines. But I dare say 
that my system is twice the 
computer that most of the 
eight bit systems I have seen 


are. My point is that to judge 
a computer solely on its word 
si ae is like judging a person 
solely on his national origin. I 
call it bigotry. This may be 
more evident in the following 
example: The IBM 704 of the 
1950s had a 36 bit word; the 
IBM System 370 of our time 
has a 32 bit word. Yet the 
370 is by no means 11% less 
of a computer than the 704. 
The real measure of a com¬ 
puter is what it can do and 
how well it can do it. True, 
the word size is significant, 
but less so than CPU architec¬ 
ture, the instruction set, the 
kinds of addressing modes, 
how the CPU interfaces to 
the outside world, and what 
else goes into the system. In 
this article we will consider 
some of these criteria, and 
compare some of the popular 
micros in this light. 

Since the subject has 
already been broached, let us 
consider word size first. 
There are four standard word 
sizes in the available micro¬ 
processors: 4, 8, 12, and 16 
bits; the bit-slice bipolar com¬ 
ponents are beyond the scope 
of this article. Each size has 
its advantages and disadvan¬ 
tages. First it should be noted 
that the optimum word size 
for a small computer instruc- 


The 

Which Chip 
Dilemma! 

—4,8, 12 , or 16 bits: 
pros and cons 



Fig. I. /2 bit instruction word (PDP-S). 
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Fig. 2. 8 bit instruction word (8080). 



tion is around 12 bits. This 
permits a few instructions 
direct access to a small 
amount of memory, and gives 
a generous number of bits to 
the instructions which do not 
reference memory directly. 
These are effectively allo¬ 
cated in the PDP-8 mini¬ 
computer (and the Intersil 
6100, which is the micro¬ 
processor version of the 
PDP-8), as shown in Fig. 1. 
Three bits are the operation 
code (that part of the 
machine language instruction 
which tells the processor 
what to do with the data) in 
memory reference instruc¬ 
tions, or serve to distinguish 
the non-memory reference 
instructions; two bits define 
the Addressing Mode, dis¬ 
cussed later; the seven re¬ 
maining bits select one of 128 
words in memory. There are 
six memory reference instruc¬ 
tions. Of the two remaining 
three bit codes, one defines 
the input/output (I/O) in¬ 
structions, for which nine bits 
determine eight different 
operations on any of 64 
different I/O devices (or 
“ports” as they are some¬ 
times called). There remain 
yet 512 different possible op 
codes for the instructions 
which refer neither to 
memory nor I/O, though not 
all of these are meaningful in 
the PDP-8 instruction set. 

The 16 bit computers 
allow more different instruc¬ 
tion op codes for the memory 
reference instructions and/or 
a greater instruction address 
space (the number of 
memory locations a single 
instruction can reach) 
because of the larger word 
size, but there are wasted bits 
in the non-memory reference 
instructions (with only 12 
bits the PDP-8 does not use 
all of the available combina¬ 
tions). The eight bitters, on 
the other hand, efficiently 
use the op codes for the 
non-memory instructions, but 
there are not enough bits to 
address a reasonable amount 
of memory in a single word 



Fig. 4. Register addressing (8080). 


instruction - two or more 
words are required for this 
purpose, as shown in Fig. 2. 
The four bit computers 
cannot contain their instruc¬ 
tions in a single word of four 
bits; most of them use eight 
bit memory for instructions 
and four bit memory only for 
data. 

Twelve bits is not a con¬ 
venient size for data. Only 
numbers less than 4096 may 
be stored in a 12 bit word, so 
useful numbers often require 
two words in memory (good 
for numbers to 16,777,215). 
Two alphanumeric characters 
may be stored in one word if 
they are limited to capital 
letters, numbers, and a few 
standard symbols, but if you 
wish to process the full ASCII 
character set with lower case 
and control characters or if 
(heaven forbid!) you wish to 
process EBCDIC, then only 
one character can be fit into a 
word and the other four or 
five bits are wasted. 

When most of the data to 
be processed are text char¬ 
acters, an eight bit processor 
is much more convenient, 
since each data word holds 
one character with minimal 
waste. But the problem with 
numbers is worse with eight 
bits than with twelve — the 
maximum number size is only 
255, and two eight bit words 
still are limited to numbers 
less than 65,536 (although 
that is adequate for many 
needs). 

A 16 bit CPU, as we have 
mentioned, gives more flexi¬ 
bility in the memory 
reference instructions and 
also permits a single word in 
memory to hold numbers to 
65,535 or two text char¬ 
acters. 

While it would appear at 
this point that there is no use 
for a four bit processor, it 


actually turns out that when 
most of the data are decimal 
numbers or one and two bit 
status and control signals, a 
four-bitter is more efficient in 
processing them. This is 
because when small pieces of 
data are buried in larger 
words, more computer time is 
required to isolate the data 
for processing. Thus, four bit 
processors are ideal for calcu¬ 
lators (most calculators these 
days are actually four bit 
microprocessors, programmed 
for the calculator functions) 
and for logic replacement 
systems such as process 
control. The decimal arith¬ 
metic capability turns out to 
be so important in micro¬ 
processors that most 8 bit 
CPUs and even one 16-bitter 
(National's PACE) have 
special instructions for this 
purpose, but the user is stuck 
with an even number of 
digits, and decimal multiplica¬ 
tion and division is difficult 
in anything larger than four 
bits. Consider the advantage 
of doing all your arithmetic 
in decimal (people think in 
decimal, not binary!) so that 
number conversion routines 
are not needed. Since more 
than one memory location is 
required for any number 
greater than one digit any¬ 
way, you have “infinite pre¬ 


cision" (as large a number as 
you care to handle) at no 
extra cost. 

Another important way to 
distinguish microprocessors is 
by the number and quality of 
CPU registers. In general, 
more registers result in more 
compact programs which exe¬ 
cute faster. This is because 
the data for an instruction is 
already in the CPU, and does 
not need to be fetched from 
main memory. The instruc¬ 
tions need only a few bits to 
identify a register, but a 
whole address is often re¬ 
quired for memory data. On 
the other hand, a few general 
purpose registers may be 
more useful than many 
scratchpad registers which 
can only be used for loading 
and storing data. The F8 has 
64 scratchpad registers, but 
only 12 of them are directly 
accessible to the program, 
and the others may only be 
accessed through an indirect 
address register. This is not as 
useful as, say, only 32 bytes 
of scratchpad which can be 
directly accessed by an in¬ 
struction (as in the RCA 
COSMAC CPU), which in 
turn is less useful than four 
general purpose accumulators 
which can be used for calcula¬ 
tion and/or index registers 
(PACE has four accumu- 



Fig. 5. Absolute addressing (6800). 
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Fig. 6. Base page addressing (PDP-8). 


lators, but only two of them not useful for anything else 
may be used for indexing). In and should not be considered 
a microprocessor the registers in the same light as the other 
may be used for any or all of registers. Many of the micros 
the following functions: have a memory address 

Accumulators. Arithmetic pointer which is used as a 
or logical operations may be "stack pointer” (see 

done on data in an accumula- Addressing Modes, below). It 
tor, and the result returned to is not wise to use the stack 
the same register in a single pointer for any other purpose 
instruction. All of the micros (because of interrupt hand- 
have at least one accumula- ling requirements), so this 
tor. Some have more than register also has restrictions 
one. on its utility. A few pro- 

Data Memory Pointer, cessors have other restricted 
Most of the micros have at registers, usually used in 

least one register which can transferring data between 

be used to address memory registers, 
for data. If the word size is The different Addressing 
less than the memory address Modes available to the CPU 

size (as in the eight-bitters), are also an important criteri- 
two or more registers may be on of rank. A CPU with few 

combined to form an address registers but many different 

pointer, or the data pointer addressing modes may be 

may be a double length more powerful than one with 

register. If there is no data many registers but only a few 
pointer (as in the PDP-8), different addressing modes, 
then the CPU must have an The addressing mode of a 
indirect addressing mode into particular instruction defines 
main memory to handle com- how the location of the data 
puted addresses. Often, if the is to be determined. Like the 
CPU has an indexed address- number of registers, the more 
ing mode, the index different addressing modes a 
register(s) will serve the data CPU commands, the more 
pointer function. Index powerful its instruction set is 
registers are a more powerful said to be. The following are 
form of memory address the most common: 

pointer. Immediate. The data for 

Scratchpad. Registers the instruction is immediately 
which cannot be used as attached to the instruction, 
accumulators or memory For smaller-word machines 
address pointers are only this data is usually in the next 
good for temporary storage word in memory, making a 
of data, and are called two word instruction. For 

scratchpad registers. Not all larger words the data is often 

CPUs have scratchpad in the instruction word, but it 

registers. Those that do not is limited to less than a whole 

must use main memory for word. Fig. 3 illustrates the 
temporary storage. format of immediate ad- 

Other. Most CPUs collect dressing. Immediate address- 
the various status flip flops ing is usually a very con- 
into a “status register." It is venient way to load constants 
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into CPU registers, so it is determined by the addressing 
available in most processors, mode. In particular, one of 
Register. The data for the these pages has a page 
instruction is in one of the number (the most significant 
CPU registers. This is usually part of the address of any 
the fastest addressing mode, memory location is the page 
and requires the fewest bits, number) of zero. Page 0 is 
as illustrated in Fig. 4. often specially accessible to 

Absolute. The data is in instructions in what is called 
memory, and its address is a “base page addressing,” 
part of the instruction, as which requires only one byte 
shown in Fig. 5. The size of of address to access the first 
this address part determines 256 bytes of memory. Fig. 6 
how much of the system illustrates base page ad- 
memory is "directly address- dressing in PACE. Note that 
able.” If the address part of some people use the term 
the instruction is less than the “direct” to refer to base page 
address space (the total addressing, 

amount of memory the CPU Page Relative. Another 

is able to address at any common abbreviated 

time), then the address is said addressing mode uses the 
to be "abbreviated” and is CPU program counter (the 
usually further classified by instruction address) for the 
the way the CPU derives that page number, and the instruc- 
part of the address which is tion specifies the location 
not specified in the instruc- within the page, as shown in 
tion. Many CPUs command Fig. 7. Most micros with this 
both an absolute addressing addressing mode use it only 
mode and several varieties of for conditional branches, 
abbreviated addressing since the program counter 
modes. usually is in a page of pro- 

Base Page. In small-word gram memory which may not 
machines it is common to be appropriate for data. If the 
divide the address space into location to be reached is in 
blocks which one word or the the next page, this addressing 
address part of one instruc- mode cannot be used, so 

tion can uniquely address. CPUs with this addressing 

For 8 bit CPUs this block is mode tend to waste either 

256 bytes, so the total program memory (by starting 
memory is divided into new routines on page bound- 
"pages" of 256 bytes each, aries) or programmer time 

Eight bits of address can (trying to fit them all into the 

uniquely define one of 256 fewest number of pages), 

locations in memory, so (PC) Relative. In this ad- 

many addressing modes are dressing mode, the abbre¬ 
viated to the memory in viated address is added (as a 
each one of these pages, signed number) to the pro- 
Which page is accessed is gram counter to give the 



Fig. 7. Page relative addressing (4004). 






Fig. 9. Register indirect addressing (COSMAC). 


Fig. 8. Relative addressing (F8). 


operand address (again used 
only for branches). Thus the 
page accessible to any instruc¬ 
tion seems to “float” around 
the current value of the pro¬ 
gram counter, as shown in 
Fig. 8. This is much more 
convenient than page relative 
addressing, since now the pro¬ 
grammer need only be con¬ 
cerned with how far the 
destination is, not with page 
boundaries. But the cost is 
generally slower execution 
(that addition takes CPU 
time!). 

Register Indirect. In this 
addressing mode the address 
of the data is in one of the 
CPU data pointer registers, 
and not in the instruction at 
all. As shown in Fig. 9, only 
one instruction word is re¬ 
quired to access any word in 
memory, but the address 
must be set up ahead of time. 
This addressing mode is very 
useful for processing 
sequential data, especially if 
the address register can be 
optionally incremented (or 
decremented) simultaneously. 
Most micros have either 
register indirect or indexed 
(see below) addressing, but 
only a few have auto incre¬ 
ment. One form of register 
indirect addressing with 
auto-increment and auto¬ 
decrement which is included 
in many CPUs is called 
“stack” addressing. Usually 
this is used to save return 
addresses in subroutine calls 
and for temporary storage of 
data. Sequential words of 
data are stored in (or re¬ 
trieved from) sequential 
memory locations by one 
word instructions. This is 



slightly less useful than true 
auto-increment and auto¬ 
decrement register indirect 
addressing, since the pro¬ 
grammer does not have the 
choice of incrementing or 
decrementing with stack 
addressing. 

Indexed. When abbre¬ 
viated addressing is combined 
with register indirect, the 
result is the indexed ad¬ 
dressing mode. The address 
part in the instruction is 
added (algebraically if signed, 
but not all are) to the value in 
the index register to form the 
complete address of the data, 
as shown in Fig. 10. In some 
processors the address part is 
not abbreviated, but the 
index register may be; they 
cannot both be less than the 
full address size and still be 
useful. The indexed ad¬ 
dressing mode is very useful 
for table handling, but more 
execution time and longer 
instructions are required for 
it than for register indirect. 

Indirect. Many processors 
permit the address of the data 
to be stored in memory, and 
the instruction contains an 
abbreviated address pointing 
to that location. Processors 
with neither a data pointer 
nor a full address index 
register must have indirect 
addressing to get at tables, 
data buffers, and other data 
requiring a variable address. 
Indirect addressing is almost 
as convenient as register 
indirect, but has an additional 
advantage in that several 
memory locations may be set 
up with different addresses 
which may be accessed at 
random from different parts 


of the program. The indirect 
addressing mode may usually 
be combined with other 
addressing modes. Of particu¬ 
lar interest is its combination 
with indexed addressing. Here 
the index register may be 
added either to the address 
part in the instruction to 
provide variability in the 
selection of which indirect 
address to use (called "pre- 
indexing”), or to the indirect 
address fetched from memory 
to provide variability in the 
data address relative to a 
given indirect address pointer 
in memory (called “post¬ 
indexing”). Post-indexed 
indirect addressing is 
illustrated in Fig. 11. Indirect 
addressing does not come 
free: An extra bit in the 
instruction word must be 
dedicated to signal it, and 
extra memory cycles are re¬ 
quired to fetch the address. 

Aside from what the pro¬ 
grammer sees in the CPU, the 
processors may also be judged 
on their interface to the out¬ 
side world. Some micros have 
several varieties of input and 
output instructions; others 
have none. Almost any micro¬ 
processor can have I/O 
devices connected to it that 
look like memory locations, 
but those without I/O 
instructions must do it this 
way. For l/O-intensive appli¬ 
cations this may be a 
nuisance. It also prevents 
using all of the memory space 
for memory (if you need that 
much). On the other hand, 
I/O instructions use up 
valuable instruction operation 
codes, and if the I/O is part 
of the memory space all of 
the arithmetic and logical 
instructions may be used 
directly on the I/O data (if 
you feel so inclined; I have 


yet to see this happen in real 
programs). 

An important distinction 
sometimes not considered 
fully is the interrupt capa¬ 
bility of the CPU. How many 
different kinds of interrupt 
does the CPU support? The 
8080 has a single interrupt 
signal into the CPU, but up to 
8 interrupts are easily prior¬ 
itized in the 8214 Priority 
Interrupt Encoder, which can 
provide “vectored interrupt” 
capability (the interrupting 
device gives the CPU a 
memory address indentifying 
the service routine for that 
interrupt at the time the in¬ 
terrupt is accepted by the 
CPU). The M6800 CPU has 
two interrupt input signals, so 
that vectored interrupts from 
two interrupt causes are easy, 
but for more than that it is 
much more difficult. Also, 
the user of the 6800 should 
be aware that one of those 
interrupts cannot be disabled 
and is incompatible with one 
of the more useful of the 
CPU instructions. PACE has 
six vectored interrupts. 
Unless interrupt service time 
is critical, vectored interrupts 
are not essential. In fact, 
interrupts themselves are not 
always essential, and some 
CPUs allow none. I have seen 
several major programs for 
CPUs which can support in¬ 
terrupts, but they are not 
used. 

Then there is Direct 
Memory Access (DMA) for 
moving data into and out of 
memory. Only one of the 
micros (COSMAC) has the 
DMA logic built into the 
CPU. A few have DMA con¬ 
trollers in the chip set which 
supports the CPU. Most of 
them can be stopped by the 
peripheral for DMA opera- 
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Power supply requirements (voltages) 

Clock requirements: Number of dock inputs. 

X On-chip dock may be driven from crystal 
S Static - clock may be stopped or run slowly 
D Dynamic — dock has minimum frequency 


S Stack (i.e., PUSH & POP 

X Indexed 

@X Post-Indexed Indirect 

Z Base Page 

Number of words in branch pag 


ADDR SPACE Maximum size of addressable memory I/O 

P Program memory (if separate) 

D Data memory 

1/0 

REG'S Number and kind of CPU registers (one if no digit): 

A Accumulator 

S Scratchpad, not usable as accumulator 

or data pointer BCl 

X Index, register or data pointer (may consist 

of multiple separately addressable registers) 

G General register, usable as A or X 

ADDRESS MODES AD 

@ Indirect (through memory) 

± Relative 

A Absolute 

B (with ± or P) Conditional branches only PR! 

D Register Indirect 

D± Register Indirect with Auto-Increment. -Decrement 

/ Immediate 

J (with A or P) Jumps only 

P Page Relative 


Table 1. Microprocessor comparison. 













Fig. 10. Indexed addressing (PACE). 


tions, and some actually get for the processor. How many 
off the buses when stopped, power supplies are required? 
to make it easier for the DMA Some micros run on +5 volts 
logic to work. only; others require +12 and/ 

Connecting the I/O devices or a negative supply. If the 
is another problem. The 4004 system uses a 4K RAM 
chip set (my system) has memory which needs+12 and 
input gates or output latches -5 volt supplies, a processor 
on every memory device in with the same requirements is 
the family. There are also no problem. Some of the 
special I/O devices (4207, processors run on -9 or -12 
4209, 4211) that connect volts. This could be a 
right on the bus with no extra nuisance if nothing else in the 
logic. Motorola came out system needs those supplies, 
with some real nifty I/O Many of the microprocessors 
circuits (6820, 6850) with are "dynamic," which means 
the 6800, but a certain that they require high voltage 
amount of address decoding nonstop clock drivers; even 
is required for all but the “5 volt, TTL compatible” 
most trivial systems. Intel has CPUs may require clocks that 
recently come out with swing from 0.2 volts to 4.7 
similar circuits, but, as with volts, which TTL outputs are 
the 6800 family, plenty of not specified to deliver, 
interconnect logic is required. "Static” CPUs are generally 
With the 8008 you are on simpler to control because 
your own. The F8 has lots of there is only one clock signal 
I/O right on the CPU and the to drive, and it can be 
memory interfaces. Other stopped at any time, 
micros have a few I/O lines Some of the micros are 
on the CPU and require that more easily connected into 
extra logic for anything over systems than others, because 
that. of the related circuits avail- 

Perhaps one of the more able from the manufacturers, 
important criteria of distinc- Is a dock driver available for 
tion to the hobbyist is the those odd two phase high 
interconnection requirements voltage clocks? How much 



Fig. 11. Post-index indirect addressing (6502). 


extra logic is required to con- the computer and getting it 
nect standard memory com- to run correctly is not easy. It 
ponents? What is the fewest is harder for some micro¬ 
number of extra parts that processors than for others. It 
must be added to get a work- is harder in some systems 
ing (special purpose) com- than it is in others with the 
puter? What happens if I con- same CPU. Different pro- 
nect a Motorola PIA (M6820 grammers will find different 
— a good I/O chip) to an processors or systems to be 
8080 system? Most of these easier or harder. But you can 
questions are beyond the be sure all of the good 
scope of this article, but they systems (i.e., the ones that 
drastically affect how good are easy to use) represent a 
the resulting computer is. lot of programming effort in 
Table 1 is an analysis of operating systems, text 
some of the available micro- editors, assemblers, high level 
processors, according to the language (such as BASIC) 
criteria we have discussed. processors, and utility pro- 
As I said earlier, the power grams, 
of a system is measured The next time someone 
largely by the kinds of tells you that this micro is 
peripherals available to it. An better than that one, ask 
extremely important why, and for what. I did not 
peripheral is one providing mention that I have two oper- 
“off-line storage” in ational computers now. One 
machine-readable form, so of them has an 8 bit CPU 
that programs can be saved with a powerful instruction 
and reloaded without a lot of set, but I don’t use it, because 
manual effort. A paper tape my 4004 system is "better.” 
reader and punch will do this Better because the peripherals 
adequately, but it is slow, and the software support are 
Audio cassettes are somewhat better. I also have over a half 
faster, more compact, and dozen CPU chips for other 
considerably cheaper. Floppy processors, but I am unlikely 
disc drives are the most ver- to do more than make toys 
satile for program and data out of them, because the two 
storage, but there does not systems I have are better, 
exist at this time anything for Better because they already 
the amateur for less than have all the connections to 
$2000. This is unnecessary: I memory and power — an 
bought everything new and operational computer is 
spent about $800, but I had better than one that is not. 
to design my own controller. A final note. This man- 
A second essential peri- uscript was prepared on my 
pheral is the human interface. “Half a Computer” using 
While lights and switches look some of my software to edit 
esoteric, they are not suitable the text, pull proofs and 
for most programs. The so- correct typographical errors, 
called “TV Typewriter" is jo add or delete a sentence 
probably the best human did not require retyping the 
interface you can get for your whole page; the computer did 
money. A Teletype with that. If the publisher had 
paper tape reader and punch wanted, I could have de- 
is the cheapest single peri- livered a paper tape to run 
pheral to give both machine- automatic typesetting equip- 
readable data storage and the m ent. Maybe next year when 
human interface (with hard | can afford a “whole corn- 
copy, yet). puter” (that’s more peri- 

Last here, but most impor- pherals, not a different CPU), 
tant, is the software. The I will be able to deliver 
computer is worthless with- camera-ready copy. Com- 
out a program. Writing that puter power is what the corn- 
program and getting it into puter can do. ■ 
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Meaningful Conversations with your Computer 

- what those mysterious "languages” are all about 


A glance at the advertise¬ 
ments in 73 or almost 
any other technical rag will 
reveal a growing number of 
computer kits, memory 
boards, and peripheral devices 
being offered to the home 
experimenter. The “home” 
computer field is growing 
almost as fast as the two 
meter boom of several years 
ago. One of the problems 
always associated with a new 
field is the tremendous lack 
of practical knowledge 
possessed by the casual exper¬ 
imenter. The computer freak 
now has a wide choice of 
micro kits, input/output 
devices, and services to 
choose from, but the big 
problem remains: How does 
one COMMUNICATE with 
his computer? Ah, yes, you 
have just completed your 
Super-X microprocessor kit, 
and plan to use it to store 
OSCAR orbital data. A 
simple application? Yes, but 
there X sits with rows of 
switches and LEDs, and not 
calculating a thing. Some¬ 
thing is missing - a method 
of "talking" to, or "program¬ 
ming” the machine, thus 
enabling it to perform a 
meaningful task. 

The Language Processor 
The missing link is the 
Language Processor, or LP. 
An LP is a program that 
allows a computer user to 
form the unique set of 
''machine instructions,” 
which are the binary numbers 
that direct every machine 
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function. The LP is to a 
computer what the keyboard 
is to your pocket calculator — 
it is a man-machine interface 
that bridges the gap between 
human requests and machine 
action. Without a keyboard, 
your pocket wonder is useless 
unless you like to collect big 
1C chips. Without an LP, a 
computer programmer is 
forced to form and insert into 
memory every binary code 
that forms a program, requir¬ 
ing a knowledge of the 
internal construction and 
machine codes unique to 
every computer. 

Programming 
Your Black Box 

A computer performs its 
task by executing a series of 
“machine instructions” that 
reside in the memory of the 
processor. The ultimate goal 
of any programmer is to 
relate the problem to be 
solved in terms of the 
machine instructions that the 
computer understands. This 
goal may be reached in two 
ways: by inserting each 
instruction into memory by 
“hand," using the front panel 


switches, after a tedious 
process of forming the 
correct codes, or by using an 
LP to form the codes for you. 
This LP may be an assembler, 
compiler, or interpreter. This 
article examines, in simple 
terms, the function of each 
type of LP, the associated 
trade-offs, and the benefits of 
each. Before starting, how¬ 
ever, let's take a quick look at 
how programming works 
without the LP, bearing in 
mind that the final goal of 
any LP is to produce the 
binary machine code that 
only the machine under¬ 
stands. 

Machine Language 

Every computer, be it an 
IBM 370 or Motorola M6800 
micro, has a unique set of 
“instructions,” consisting of 
binary codes that direct every 
internal function of the 
running computer. Most 
machines are capable of exe¬ 
cuting certain basic opera¬ 
tions, such as moving data to 
and from memory, addition, 
subtraction, and shifting (a 
process of moving “bits” 
to different locations within 


the computer). However, the 
problem is that each machine 
uses a different code for 
similar processes, requiring 
the programmer to know the 
details of each machine he 
wishes to use. One “machine 
language” program for solving 
the Ohm’s Law (I = E/R) 
relationship is shown in Table 
1 . 

The result of the operation 
expressed in Table 1 is the 
answer “I" stored in memory 
location 10, and the re¬ 
mainder of the division in 
location 12. 

Several problems asso¬ 
ciated with machine language 
programming are apparent: 

1. The code is unin¬ 
telligible to anyone not 
specifically familiar 
with computer "X.” 

2. A change to the 
code to fix a “bug” (a 
common creature 
around computers) 
often requires rewriting 
much of the existing 
code, especially when 
more instructions are 
added. 

3. Following the logic 
of the original program- 


Machine Code 

Comment 

Start 4830 0000 

Fetch "E" from memory 

0722 

Clear temporary 

4840 0002 

Fetch "R” trom memory 

0D24 

Perform division 

4030 000A 

Save answer "1" 

End 4020 000C 

Save remainder 

Table 1. Typical machine code to solve / = E/R. 
and "R " were preloaded into the memory. 

This example assumes that data ' 





Assembly Language 

Comment 

Start 

LH R3.L0C0 

Fetch "E” 


XHR R2.R2 

Clear Register 2 (temporary) 


LH R4.L0C2 

Fetch "R” 


DHR R2,R4 

Divide 


STH R3.L0C10 

Save ”t” in Location 10 

End 

STH R2.L0C12 

And save remainder 

Table 2. An assembly language representation of a program to solve / -E/R. 



M6800 Assembly Code 

Comment 

Start 

LDA A, LOCO 

Fetch "E” 


LDA B.L0C1 

and "R" 


JSR DIVD 

Go to Divide routine 


STA A,L0C2 

Save answer "1" 


STA B.L0C3 

and remainder 

End 

SWI 


Divd 


A software program to 



divide, as the M6800 has 


RTS 

Return to calling routine 


Table 3. Routine to solve 1 - E/R o 

n a Motorola M6800 micro. 


mer and documentation 
of the program is diffi¬ 
cult, especially when 
the programmer takes 
another job. 

All computer programming in 
the early '50s was done in 
direct machine language - 
prompting the development 
of the first type of LP, the 
assembler. 

The Assembler - Symbolic 
Programming Made Possible 
The first member of the 
LP family is the assembler, a 
computer program that 
allows machine instructions 
and operations to be repre¬ 
sented symbolically, i.e., in a 
more human form than rows 
of numbers. The programmer 
is still required to know the 
specific machine instruction 
set of his computer, but the 
assembler allows him to refer 
to instructions by name (or 
mnemonic) instead of num¬ 
ber. The end result of an 
assembly process is a machine 
language program similar to 
that in Table 1. The assem¬ 
bler only serves to make the 
generation of those codes a 
less tedious process. A sample 
assembly language program to 
solve our Table 1 problem is 
shown in Table 2. 

The same program coded 


for the Motorola M6800 
microprocessor is given in 
Table 3, illustrating the point 
of how a programmer must 
know the unique instructions 
of each machine he wishes to 
use when programming in 
assembly or machine lan¬ 
guage. 

Several shortcomings of 
machine language program¬ 
ming are resolved by using an 
assembler. For example, 
changing or correcting the 
program requires only a 
“source” change, usually 
done by changing the 
punched card in error. The 
complete program is then re¬ 
assembled, causing the output 
of correct machine code. The 
assembly process removes the 
requirement that the pro¬ 
grammer know in advance 
how his change affects the 
code in instructions around 
the correction. Documenta¬ 
tion of the program is easier 
also, as the symbolic repre¬ 
sentation of the machine 
code is understood by anyone 
familiar with the machine. 
Software development cycles 
are speeded up, as correction 
and modification of programs 
does not require extensive 
code changes. 

Most microcomputer man¬ 
ufacturers provide an assem¬ 


bler with their micro kits. 
However, most assemblers 
require a large amount of 
memory to function, recalling 
that the assembler itself is a 
program coded in the 
machine code particular to a 
given microcomputer. 

The Compiler — Or, Program¬ 
ming in English 

The assembler LP greatly 
increased the capability of 
man to talk to his computer, 
but the basic restriction of 
having to know internal 
details and procedures still 
remained. An ultimate LP 
was required, one that 
allowed programmers to func¬ 
tion in an English language 
environment. The first such 
LP was a language known as 
FORTRAN, a program dedi¬ 
cated to “FOKmula 


7V?A/Vslation." FORTRAN is 
an LP that lets programmers 
represent problems as they 
occur on paper or textbooks, 
in English. This type of LP is 
often referred to as a “high 
level language": the higher 
the level, the more English- 
like the representation of 
instructions. Most high level 
LPs allow the program to 
contain notation and conven¬ 
tions that would normally be 
used to describe the problem, 
thus allowing the programmer 
to concentrate on the solu¬ 
tion of the problem, not the 
internal workings of a com¬ 
puter. Using our old Ohm’s 
Law example, Table 4 shows 
what the FORTRAN program 
looks like. 

The power of the high 
level LP is provided by a very 
complex and large program. 
From Table 4 it can be seen 
that the single statement 
expressing the formula really 
requires several machine 
instructions (Table 1). A 
single complex FORTRAN 
statement may produce 50 or 
60 machine instructions. 
(Remember, that’s all the 
processor knows!) The real 
beauty of a compiler, the 
high level LP, is that the same 
source program may be run 
on any machine capable of 
supporting the compiler. The 
compiler for each machine 
knows that the incoming pro¬ 
gram is in a standard format 
(as defined by standards com¬ 
mittees), so it must produce 
the unique machine code to 
solve the problem. It can be 
seen that each FORTRAN 
compiler will only run on the 
machine it supports, but the 


C Comment — Divide E by R giving I 

C 

C 

l-E/R 

STOP 

END 

C That’s it - of course other instructions are 

C needed to input the raw data. 


Table 4. A typical FORTRAN program. 
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The complete Computer System 
that requires just a keyboard 
and TV monitor for use. 

The MICRO-ALTAIR is: 

The hardware — video terminal interface board, CPU/ROM/ 
RAM board, backplane, power supply and cabinet; 

The software — video driver, debugger, operating kernel 
supplied on ROM; 

The personal computer system — complete, expandable, no 
loose ends — a complete and powerful tool; 

THE SOLUTION BOX FROM POLYMORPHIC SYSTEMS. 
Applications include smart terminals, data acquisition systems, 
games, accounting, front-end fora larger computer-anywhere a 
little processing is required. 

COMPLETE SYSTEM [EXCEPT FOR MONITOR AND ASCII KEY¬ 
BOARD] S575.00 KIT. DELIVERY 60 DAYS - SERIAL I/O AND 
CASSETTE OPTIONS AVAILABLE. 



Go to your local computer store and compare 
Video Terminal Interface — characters are stored in on-board 
memory. Entire screen may be read or written in 20 millisec¬ 
onds. Software includes a text editing system with scrolling 


onds. Software includes a text editing system with scrolling 
and insert and delete by character or line. 

VTI/32 32 character line $160.00 kit $230.00 assd. 

VTI/64 64 character line $185.00 kit $260.00 assd. 

VTI/SK Socket kit for VTI kit $ 15.00 

Delivery — 30 days 

Analog Interface — 1 or 2 channels of analog output with 10 
bits of resolutions (0-1OV or + 5V with bipolar option), 6 bits of 
latched digital output and 8 analog comparators for software 
controlled A/D conversions. 

ADA/1 1 analog output $135.00 kit $175.00assd. 

ADA/2 2 analog outputs $185.00 kit $235.00 assd. 

ADA/SK Socket kit for ADA kit $ 10.00 

Delivery — 30 days 


POLYMORPHIC SYSTEMS 


1 REM Read E and R, then calculate and print I 

2 INPUT E,R 

3 LET l = E/R 

4 PRINT "ANSWER IS - ",l 

5 STOP 

Table 5. A BASIC program that accepts input from a 
terminal, calculates the answer, and prints out the result, all 
in three statements. (Line / is a comment; line 5 needs no 
explanation.) 


standard source program there to do it in assembly 

(written by a programmer) language. Take heart, how- 

will be accepted by any com- ever - all is not lost. There is 

piler. This concept, known as an alternative to the compiler 

“computer independence,” is available to microcomputer 

the foundation of the pro- programmers - the inter- 

gramming profession. A pro- prefer. This LP offers 

grammer used to coding IBM most of the advantages of the 

370 FORTRAN can be compiler with one difference 

writing programs on an - no machine language is 

INTERDATA minicomputer produced from the source 

the day he changes jobs, as program. Instead, the inter- 

the LP takes care of the preter processes the incoming 

nitty-gritty details of pro- source statements “on the 

ducing the different machine fly,” and produces the answer 

code. or results by executing a 

FORTRAN is not the only series of built-in routines 

high level LP. A few seconds triggered by the “commands” 

spent scanning any computer produced by the programmer, 

trade publication will reveal The most popular interpreter 

names such as COBOL is BASIC (Beginner’s /111 pur- 

(COmmon business Oriented pose Symbolic /nstruction 

Language), APL (A Program- Code). Take a last look at our 

ming Language) or JOVIAL example, this time done in 

(believe it or not - /ule’s BASIC (Table 5). 

Own l/ersion of the /nterna- Hopefully, the above 
tional /llgorithmic Lan- explanations have taken some 
guage). Each of these LPs has of the mystery out of the 
a source input format suited word “programming.” A care- 
to a particular application. f u | look at the micro- 
COBOL, for example, is well processor kit advertisements 
suited to business applica- will reveal what LPs are avail- 
tions, such as payrolls, but able for your application. An 
finds little use in the scien- assembler is required for all 
tific community. but the most simple applica¬ 

tions, and BASIC is available 
The Interpreter — A Micro’s for some of the machines — a 
Best Friend big plus if you can afford the 

Compilers are available for necessary memory to contain 
all large computers and most the interpreter. Even machine 
minis, but due to their com- language programming can be 
plexity and cost have not fun on a micro, and there is 
filtered into the micro world probably no better way to 
yet. It often takes several learn the ins and outs of 
man-years to develop a com- computer architecture. The 
piler and write it in assembly programming tricks learned 
language, so it will be awhile can always be applied to your 
before you can load up next effort, even one using a 
FORTRAN on your brand X high level LP. So have fun, 
micro and track OSCAR, and GOOD PROGRAM- 
even though the capability is MING! ■ 
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John Arnold WSCUD 
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I n an earlier 73 article, we 
described interfacing a 
Baudot teletype with a hobby 
computer. Once this hard¬ 
ware interconnection is made, 
the next step is to develop a 
software operating system 
that takes advantage of the 
keyboard/printer link to the 
computer. In this article we 
describe a program called 
Baudot Monilor/Editor, or 
BM/E for short. With it you 
can store, examine, and exe¬ 
cute machine language pro¬ 
grams using the Baudot 
teletype. This is quite an 
important step on the road to 
full utilization of your com¬ 
puter. 



Table 1. 


available opens up the possi- English words and phrases, 
bility of developing a higher The computer can thus be 
level language whose instruc- made to function on a more 
tions can be entered in human level. BM/E is just a 


start on the path to such a 
higher level language, but it is 
an important step for some¬ 
one who wants to learn about 
computers from the ground 
up. 

Understanding Octal Number 
Representation 

Before detailing the opera¬ 
tion of BM/E, a short explan¬ 
ation of octal numbers should 
be made. As already noted, 
computers use binary format 
to represent instructions and 
addresses. Long strings of Is 
and Os, though handled 
readily by a computer, are 
difficult for humans to work 
with or remember. For 
instance, to specify an 
instruction at a certain 
memory location, one would 
have to write: 


Why a BM/E Operating 
System? 

Entering a program into 
memory via the front panel 
switches can be a lengthy and 
tedious process. Loading a 
three or four hundred byte 
program by hand will just 
about end the pleasure of 
owning a hobby computer. 
The limited usefulness of the 
front panel as a functional 
I/O device can be traced to 
the restriction of lights and 
switches to two states, i.e., 
“on" and “off." Thus entry 
must be in binary notation, 
which is perhaps the least 
efficient system for human 
use. The more satisfactory 
octal or hexadecimal systems 
cannot be used, since they 
require eight and sixteen 
states respectively. Adding a 
Baudot teletype can be 
viewed as a way of expanding 
the number of I/O states 
available to the user from two 
to sixty-four (upper and 
lower case characters). BM/E 
is in a sense a translator from 
the internal binary form to 
external octal format on the 
teletype. In addition, having 
the set of letters and symbols 



A Baudot 
Monitor/Editor 
System 

--program listing for the 8080 






Address 

0101011011001110 

Instruction 

11001101 

Now suppose you were 
writing a 500 or 1000 byte 
program using this binary 
notation — I wonder which 
would run out first: your 
patience or the paper 
supply?! 

Enter "octal notation” to 
save the day! By expanding 
the number of symbols from 
two to eight, the complexity 
of the binary representation 
can be reduced considerably. 
The example above can be 
written: 

Address 
126 316 
Instruction 
315 

The improvement from the 
human standpoint is obvious. 

The rewriting of a binary 
number in octal is accom¬ 
plished in the following way: 

1. Separate the binary num¬ 
ber into three digit groups 
beginning at the rightmost 
digit. 

2. Use the chart below to 
give each group its octal 
value. 

Binary Octal 

000 0 

001 1 

010 2 

011 3 

100 4 

101 5 

110 6 

111 7 

3. If the leftmost group has 
less than three digits, just 
consider that it is prefixed as 
required with zeros. 

Example: 

01010110 

(Binary) 

1 2 6 

126 

(Octal) 

Instructions and data for 
an eight bit computer such as 
the Altair 8800 can be repre¬ 
sented as a three digit octal 
number ranging from 000 to 
377. A sixteen bit address is 
most easily represented by 
two octal numbers obtained 


by first splitting the sixteen 
bits into two eight bit groups. 

Example: 

0101011011001110 

(Binary) 

01010110 11001110 
(Split Binary) 

1 2 6 3 1 6 

126 316 

(Split Octal) 


Split octal address representa¬ 
tion is useful because it fits 
the format of multibyte 
instructions used by micro¬ 
processors like the 8080 and 
8008. The left octal number 
is referred to as the page, 
while the right octal number 
is the location of the given 
page. The example address 
would be stated as "location 
316 on page 126 of 
memory.” Thus, in a 65,535 
word memory; there are 377 
octal pages with 377 octal 
bytes per page. In further 
discussion of BM/E, split 
octal addressing will be used 
exclusively. 

Sometimes it is necessary 
to convert an octal number to 
its equivalent. Suppose the 
three octal digits are given by 
XYZ. The decimal value can 
be calculated using the ex¬ 
pression: 


X -64 + Y 8 + Z 

325 octal - 
3-64 + 2-8 + 5 = 
149 Decimal 


To convert to decimal a 16 
bit address written in split 
octal, first convert the page 
and location separately as 
given above. Then use this 
expression to complete the 
calculation: 


025242 Split Octal 
025 Octal = 

0 -64 + 2 -8 + 5 = 
21 Decimal 
242 Octal = 
2-64+4-8 + 2 = 
94 Decimal 
025242 Split Octal = 
21 -256 + 94 = 
5474 Decimal 


BM/E uses octal notation 
to store and examine data in 
memory. Instructions and 
data are written as 3 digit 
octal numbers. Addresses are 
written in split octal with no 
separating mark between page 
and location. Although octal 
might appear strange at first, 
its resemblance to decimal 


will encourage your quick 
adjustment to it. 

Basic Structure of BM/E 
BM/E has two levels of 
operation: the Monitor 
(highest level) and the Editor 
(lowest level). Upon entering 
BM/E, an exclamation mark 
is printed to indicate the 
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000000 061 377 001 
000010 315 215 001 
000020 311 315 006 
000030 001 076 037 
000040 001 376 022 
000050 312 341 000 
000060 376 001 312 
000070 110 001 000 
000100 000 076 031 
000110 000 305 345 
000120 000 006 012 
000130 005 302 123 
000140 311 005 170 
000150 007 025 020 
000160 365 346 007 
000170 157 046 000 
000200 361 311 305 
000210 027 107 315 
000220 232 000 076 
000230 212 000 200 
000240 311 247 305 
000250 315 160 000 
000260 311 076 016 
000270 001 076 004 
000300 315 261 000 
000310 001 076 004 
000320 001 315 202 
000330 007 312 303 
000340 000 315 261 
000350 315 006 000 
000360 315 215 001 
000370 241 000 043 
001000 001 076 004 
001010 350 000 303 
001020 315 304 001 
001030 315 013 000 
001040 000 176 315 
001050 376 003 312 
001060 303 036 001 
001070 003 315 215 
001100 303 055 001 
001110 315 304 001 
001120 076 002 303 
001130 147 315 202 
001140 241 000 175 
001150 325 001 000 
001160 154 001 026 
001170 376 037 171 
001200 271 001 005 
001210 017 017 321 
001220 006 005 007 
001230 020 315 271 
001240 001 323 376 
001250 005 302 234 
001260 026 020 315 
001270 311 076 214 
001300 302 271 001 
001310 215 001 376 
001320 365 076 033 
001330 001 365 076 
001340 315 215 001 
001350 000 000 157 
001360 040 042 000 
001370 000 000 000 


303 021 000 076 010 
076 002 315 215 001 
000 076 015 315 320 
315 215 001 315 304 
312 300 000 376 011 
376 035 312 015 001 
036 001 376 034 312 
000 000 000 000 000 
315 215 001 303 021 
315 304 001 041 146 
276 312 141 000 043 
000 076 377 341 301 
341 301 311 030 006 
012 001 023 027 026 
057 074 306 157 345 
176 341 315 215 001 
016 003 227 027 027 
111 000 376 010 332 
031 315 215 001 303 
015 302 206 000 301 
006 003 027 027 027 
005 302 245 000 301 
315 320 001 315 125 
315 215 001 311 000 
315 006 000 315 136 
315 215 001 315 215 
000 167 043 175 346 
000 076 004 303 316 
000 315 202 000 107 
315 136 001 076 004 
315 215 001 176 315 
175 346 007 312 006 
303 363 000 005 302 
000 000 315 261 000 
376 010 302 000 000 
351 000 000 315 261 
241 000 315 304 001 
063 001 315 006 000 
315 202 000 167 076 
001 176 315 241 000 
000 000 315 215 001 
376 010 302 110 001 
105 001 315 202 000 
000 157 311 174 315 
315 241 000 311 305 
005 333 376 037 332 
030 315 271 001 333 
037 117 026 020 315 
302 167 001 171 017 
301 311 305 325 365 
117 227 323 376 026 
001 171 017 117 346 
026 020 315 271 001 
001 076 001 323 376 
271 001 361 321 301 
075 302 273 001 025 
311 315 147 001 315 
000 312 000 000 311 
315 215 001 303 337 
037 315 215 001 361 
311 056 042 000 000 
146 040 164 150 145 
000 000 000 000 000 
000 000 000 000 000 


Table 3. 


monitor level is in effect. 
From the Monitor, entry is 
made to one of the Editor 


have a specific job to perform 
and afterwards return auto¬ 
matically to the Monitor 



mode. A more complete 
description of each mode is 
shown in Table 2, including 
example output. Underlined 
portions of the output were 
entered by the user, while the 
remainder was produced by 
the computer. To simplify 
operation, the computer con¬ 
trols the printer case (LTRS 
and FGS). 


Loading the 500 or so 
bytes of BM/E for the first 
time will require exercising 
the front panel switches and 
your patience. The switches 
will survive, but, as for your 
patience, that depends on 
how interested you are in 
BM/E. Loading it once by 
hand is enough, but without 
some form of nonvolatile 
mass storage you may be 
forced to load it each time 
the system is down. There are 
two directions to go here: 


what type of cassette system 
to use. Various efforts have 
been instituted to bring about 
standardization, but as of this 
writing there are still 
obstacles to general accep¬ 
tance of any one system. The 
so-called “Kansas City 
Standard” system appears 
well on the way, but it is not 
yet in general use. In our own 
system we have used a Suding 
cassette interface for nearly a 
year without a single bad 
load. We were attracted to 
the system because it was 
FSK and used the wide fre¬ 
quency shift standard of ama¬ 
teur radio (2125 Hz-2975 
Hz). Information on a Suding 
interface can be obtained 
from The Digital Group, P.O. 
Box 6528, Denver CO 80206. 

Baudot teletype users also 
have the option of bringing 
paper tape on-line as a mass 
storage medium. An article in 
an earlier issue of 73 
described the use we have 


levels by typing a one letter 
command. The Editor mode 
includes the commands 
shown in Table 1. 

Some of the Editor modes 


level. Other Editor modes are 
terminated by the user when 
he strikes the BLANK key on 
the teletype. To change 
modes, it is necessary to first 


cassette tape or punched 
paper tape. For the long 
term, the cassette is probably 
the best choice. It is much 
denser and faster. One 


made of Baudot paper tape 
equipment. Although not as 
dense or fast as cassette tape, 
it is convenient to use, 
especially for short programs. 


ad 104 







In addition, if you have your 
Baudot teletype on-line 
already, no additional inter¬ 
facing is required to use paper 
tape equipment. It should 
also be pointed out that 
paper tape is already stan¬ 
dardized, so interchange 
problems are minimized. 
Regardless of the system you 
use, a nonvolatile storage 
medium is a necessity in a 
hobbyist system. 

Table 3 is an octal listing 
of BM/E in the Dump format 
of BM/E. The program is 
intended for an 8080-based 
system. As given, it utilizes 
the software I/O described in 
the previous article. If you 
are using a serial I/O board, 
your required I/O routines 
should be loaded at 001147 
input and 001205 output. 
Neither routine should 
exceed 38 bytes. 

When the program is 
loaded, simply examine 
000000 and hit RUN. An 
exclamation point typed on 
the printer indicates BM/E is 
operative. You can load pro¬ 
grams anywhere above 
002000. You should exercise 
the various Editor modes to 
be sure all is well. 

Table 4 gives the address 
of various routines in BM/E 
that can be called by your 
external programs. For 
instance, suppose you want 
to output the A register in 
octal format. Simply place a 
CALL to 000241 at the 
appropriate place in your pro¬ 
gram. 

The authors will supply a 
source listing of BM/E along 
with a Suding -cassette, 
‘‘Kansas City Standard” 
cassette, or punched paper 
tape (5 level binary format) 
for $7.50 postpaid. In your 
order please specify which 
type cassette or paper tape. 
Orders should be addressed 
to: BM/E Tape, Rt. 4, Box 
52A, Tyler TX 75701. 

With hard copy on your 
Baudot teletype and BM/E as 
an operating system, you 
should be able to greatly 
expand your software capa¬ 
bilities. ■ 
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The ETK (Electronic Touch Keyer) 
processes inputs and sends perfect 
dots, dashes, and spaces at speeds of 7 
to 55 wpm. The LED indicators dis¬ 
playing dots, dashes, and spaces serve 
as a visual training aid for the less 
proficient CW operator. 17 IC’s, relay 
output, side tone speaker, 120 VAC. 
Inquiries invited. 

for only 145.00 

t (Includes instruction book) 

Order direct from: 


RTTY/COMPUTER DISPLAY 
A 25 line X 40 character display 
unit which can be used with any 
tv monitor or modified tv set. 
Complete system on one board in¬ 
cluding provision for power sup¬ 
ply. 

See construction article by Jeff Roloff 
in July issue of 73 Magazine 

TVT-2540-100 39.95 

Board only 

TVT-2540-200 119.95 

Board with all components 
less power supply comps. 

TVT-254Q-300 139.95 

Board with all components 
including power supply comps 

TVT-2540-BSI 34.95 

Baudot serial input board kit 

TVT-2540-ASI 27.95 

ASCII serial input board kit 


Glade Valley School Radio Session 

17 th Year July 31 - August 13. 1976 

Courses Taught: 

General Theory and Code 
Advanced Theory and Code 
Amateur extra Theory and Code 

UPGRADE YOUR HAM TICKET 


TV TERMINAL III 

Displays 16 X 32 lines on tv monitor or 
modified tv set from ASCII code input. 
Two pages of memory with provision 
for adding two additional pages. 

TVT III 134.95 

Complete kit 


RM and C-MOD 6800 and 8080 systems 
available. Complete systems starting at 
S279.95 


ALTAIR - complete line 
patible boards available. 


Lowest prices and most complete line of 
computer kits in the industry. 


Mini Mien (Mint 
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Fig. I. ICJ: SN74T32N. IC2: 
SN74S6N. IC3: NE556. All 
resistors are % Watt, except 
for the one which is 'A Watt, 
39 Ohms. Power supply cur¬ 
rent is approximately 70 mA. 


Ted Lincoln WA6HWJ 
Santa Ana CA 92707 


A Logic Probe You Can Hear 

--good not only for the blind 



T he most serious short¬ 
coming of conventional 
logic probes is the need to 
watch for signs of a change. 
It’s not always convenient to 
be watching the probe during 

This unit gives an LED 
indication of the static state 
of the line under test. When 
the LED is lit, the line is logic 
state “1.” Any logic transi¬ 
tion which lasts at least 50 
nanoseconds is detected, and 
an audio beep is generated. 
Both a ‘‘1 ” to "0" and a "0” 

detected. 

Construction 

My unit is built on a per¬ 
forated epoxy board. Discrete 
components are mounted on 
a 16-pin header which plugs 
into an 1C socket. Sockets are 
mounted by installing printed 
circuit board eyelets under 
pins 7 and 14. Each eyelet is 
peened in its hole by using 
opposing automatic center 
punches. The sockets are 
mounted, and pins 7 and 14 
are soldered to the eyelets. 
The rest is a simple wirewrap 
job. 

It is possible to run the 
device from batteries, 
although the current is a bit 
high (about 70 mA). Rather 
than use batteries or steal 
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power from the circuit under 
test, I decided to include a 
small power supply. Every¬ 
thing is mounted in a small 
phenolic box of the type 
carried by Radio Shack. 

Operation 

There is no special pro¬ 
cedure. Simply connect the 
input to the line to be moni¬ 
tored, and a ground between 
this device and the one under 
test. Once connected, an 
audible beep will be heard 
whenever the line pulses or 
changes state. The LED 
indicates the line's static 


Theory 

The input is squared by 
(Schmitt) IC1 A, which is also 
the LED driver. IC1B and 
IC1C provide a delay before 
applying the signal to the 
exclusive OR gate, IC2. When 
the input changes state, the 
two signals applied to the 
exclusive OR gate will be 
different for a period equal to 
the delay through IC1B and 
I Cl C. The gate will pulse low 
for this time. After inversion 
by IC1 D, the positive pulse is 
applied to the first half of the 
NE556 (IC3). This half is 
wired as a one shot with a 
duration of approximately 
one half second. The output 


of this one shot is applied to 
the second half of IC3, which 
is wired as an audio oscillator. 
When the one shot is active, it 
turns on the oscillator, which 
in turn drives the speaker. 
Changing Cl will adjust the 
duration of the beep; C2 
determines the output tone. 

Troubleshooting 

During initial wiring, leave 
out the jumper between pin 5 
of IC3 and pin 10 of IC3. 
Check the power supply to be 
sure it is +5 V. Plug in IC3. 
The oscillator should be 
heard running. This is a good 
time to vary C2 if you would 
prefer a different tone. After 
the tone is working properly, 
connect the jumper between 
pin 5 and pin 10 of IC3. Plug 
in IC1 - but not IC2. Touch 


pin 12 of IC1 momentarily to 
ground. The oscillator should 
beep for approximately one 
half second. Cl can be 
adjusted to vary the beep 
duration. 

The LED should be lit. 
Touching pin 2 of IC1 to 
ground should make the LED 
go out. Insert IC2 and test 
the complete unit. Short the 
input (pin 2) of IC1 to 
ground. The LED should go 
out and the oscillator should 
beep. Remove the short and 
another beep will occur. 

If you want to test its 
ability to capture a pulse, I 
suggest wiring a one shot 
(such as an SN74121) as a 
switch deglitcher. This device 
will capture the pulse every 
time the switch is pushed. ■ 
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Fig. 2. Timing diagram. 





George R. Alien W1HCI 
80 Farmstead Lane 
Windsor CT 06095 


How Computer 
Arithmetic Works 

— do-it-yourself experiments 


T he easiest and most 
inexpensive way to get 
started in computers is to 
begin with inexpensive, easy 
to use, fundamental building 
blocks. These fundamental 
blocks can be used initially 
for educational purposes to 
promote understanding and 
confidence, and later com¬ 
bined to form a fundamental 
computer. 

The arithmetic logical unit 
(ALU) is a fundamental part 
of a typical computer system. 
The ALU is inexpensive, is 
easy to use, and may be 
operated independently or in 


conjunction with other 
devices. This article uses the 
ALU as a stand alone device 
in order to demonstrate com¬ 
puter operations such as addi¬ 
tion, subtraction, and com¬ 
plement. All necessary details 
and related information are 
given so that the experi¬ 
menter can learn fundamental 
computer arithmetic. 

The dollar outlay required 
to procure the parts and 
equipment needed to perform 
the experiments given in this 
article should be less than 
$12, not counting a bread¬ 
board or PC board. 


The Parts and Equipment Re¬ 
quired 

The parts and equipment 
needed to perform the experi¬ 
ments in this article are as 
follows: 


1 - 5 V power supply 
1 - 74181 integrated circuit 
1 - breadboard, perforated 

board, or homemade PC board 
1 - voltmeter or 4 LEDs 


A 5 V power supply may 
be purchased in kit form 
from James Electronics for 


$9.95, or a wired and test 
supply may be purchas 
from Micro Digital Corp,, 1 
$24.50. A 5 V power supt 
may be built in breadboi 
fashion, for about $6.00, 
using the circuit described 
Fig. 1. 

The 74181 ALU is av, 
able from many sources, si 
as Poly Paks, James El 
tronics, International El 
tronics Unlimited, and othf 
for less than $4.00. See - 
ads in this issue for cum 
prices. An illustration of 
pin connections and cl 



Fig. 1. Simple power supply. TV. 12 V, 1 A (Poly Paks 
92CU2474, $2.95). Diode bridge: 2 A, 50 Vepoxy (Poly Paks 
92CUI346, $.69). Cl: 3500 uF (minimum), 25 V dc (S. D. 
Sales, $.79). C2: 100 mF, 15 V dc (James Electronics, $.24). 
LM309K: 5 V regulator (Poly Paks, $1.50). Total power 
supply parts cost: $6.17. 
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Fig. 2. 741 SI pin connections, top view (The TTL Data B 
for Design Engineers, Texas Instruments, Inc., 1973, p. 3 





Fig. 4. LED readouts. LEDs 
current LED MV-55. 


Poiy Paks 92CUI 790 low 


to to to 

h 

setup is shown in Figs. 4 and 
5. The instruction lines are 
brought out to the left, the 
data inputs are brought out 
Fig. 3. Basic experimental setup. Bring instruction inputs out to the right, and the outputs 
to left as shown. Bring function outputs either out to bottom are brought out to the 
or out to left, in order shown. Connect +5 V regulated power bottom, or lower left. The 
supply to pins as shown. Bring inputs out to right as shown. input, output, and instruction 

connections may be made to 

layout is shown in Fig. 2. Some type of indicator is terminal strips, vacant con- 

The user may etch his own needed to display the outputs nections on the breadboard, 
PC board or may use per- of the ALU. A 20,000 or to other suitable termina- 
forated board if he wishes; Ohms/volt voltmeter (which tions. Pin 24 is connected to 
however, a universal bread- will read 0-5 volts), a dc plus 5 V from the power 
board such as a Continental oscilloscope, or a series of supply, and pin 12 is con- 
Specialties QT-59S ($12.50) light emitting diodes may be nected to the power supply 
or AP Products 923261 used. The circuit in Fig. 4 ground. 

Terminal Strip ($12.50) will shows 4 LEDs connected to The outputs from the 
make things a lot easier. With the ALU to indicate HIGH (1 74181 will either be HIGH 

the universal breadboard, no bit) and LOW (0 bit). The (H) or LOW (L) voltage 
soldering is required, as all LEDs used are type MV-55, levels. A HIGH will be 2.4 
connections are made with available from Poly Paks (5 volts minimum, but not 
#22 AWG solid hookup wire, for $1.00, part number greater than 5 V. A LOW will 
The breadboard is recom- 92CU1790). be .4 V or less. A 20,000 f2/V 

mended to facilitate circuit _ voltmeter may be used to 

changes and additions to the The Experimental Setup read ou tput levels, or 

experiments. The basic experimental LEDs may be connected as 





shown in Fig. 4. If the LEDs 
are used, a lighted LED will 
be a HIGH and a non-lighted 
LED will be a LOW. In these 
experiments, a ‘‘0 bit" is 
represented by a LOW while a 
“1 bit*’ is represented by a 
HIGH. 

Ground Rules and General 
Notes 

1. The 74181 will operate 
over a range of 4.75 V to 
5.25 V. Operating with 
voltages outside this range 
may produce results which 
are not defined. Operating 
with a voltage greater than 7 
V (the absolute maximum 
rating) may damage the chip. 

2. Don’t short the outputs 
to ground. If more than one 
output in a HIGH state is 
shorted at one time, the chip 
may be damaged. 

3. A previous article, 
“Two Finger Arithmetic,” 1 
should be read thoroughly 
and kept handy as a reference 
when performing the experi¬ 
ments described. 

EXPERIMENTS 
Data Transfers 

Connect the ALU as 
shown in Fig. 6. Note that 6 
connections form the “in¬ 
struction word” and are used 
to select the function of the 
ALU chip. As connected, this 
“instruction" will permit data 
to pass directly from the "A 
input” to the "output” with¬ 
out changing. The data 
appearing at the A input is a 
0110 and is transferred 
directly to the output, with¬ 
out change, as a 0110. 

The data transfer is a 
useful instruction within a 
computer, as it permits data 
to be transferred from one 
memory location to another 
memory location without 
being changed. Thus, data 
may be duplicated or placed 



Clear or Set to Zero 

Fig. 7 shows the instruc- 



Fig. 5. 
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Fig. 7. Gear or set output to zero. 



Fig. 8. Ones complement of A. 
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tion word (or instruction 
inputs) required for a clear or 
set to zero. This instruction 
sets the output to zero, 
regardless of the data appear¬ 
ing at either input. 

This instruction is useful 
for setting the initial value of 
a storage location to zero for 
counting or other purposes. 
When counting within a com¬ 
puter, a programmer may add 
“one” to the contents of a 
memory location every time a 
given event occurs. To insure 
a correct count, the contents 
are set to zero or “initialized 
to zero” before the count 
starts. 

Complement 

The complement of a 
number can be obtained by 
using the instruction word as 
shown in Fig. 8. The data 
input is 1011 and the output 
is 0100, which is the comple¬ 
ment of the input. 

Addition 

Addition is performed by 
using the experimental setup 
as shown in Fig. 9. The 
output will be the sum of the 
data on the A and B inputs. 
Thus, as shown, 

0101 (5 10 l 
+ 0011 (3 10 ) 

1 00 0 ( 8 10 ) 

Similarly, 

00 11 (3 10 ) 

♦ 1010 (io 10 l 
1101. (13 10 ) 

But now add A and B as 
follows: 

A» 0 1 1 1 <7 10 1 
B- 1 0 1 1 (11 10 ) 

1 0010 (18 10 ) 


carry bit 

The ALU has only 4 data 
outputs; thus, the results will 
appear as 0010. This simple 
arithmetic operation has 
exceeded the capability of 
the ALU. We call this an 
"overflow” condition and say 


that “overflow” has occurred 
and that a “carry” has been 
generated. 

Overflow is the phenom¬ 
enon that separates binary 
arithmetic from computer 
arithmetic. When performing 
binary arithmetic on paper 
with a pencil, number size 
limitations are of little con¬ 
cern (you can always add 
another sheet of paper). 
When doing arithmetic with 
computer elements, number 
size is a serious concern since 
there is a hardware limit to 
the size of the "arithmetic 
word.” In these experiments, 
the “arithmetic word” size is 
4 bits. If we connected two 
ALUs together, we would 
have an 8 bit “arithmetic 
word.” With an 8 bit arith¬ 
metic word, overflow would 
not occur and a carry bit 
would not be generated until 
a sum exceeding 8 bits was 
generated. 

If overflow were to occur 
without the user being aware 
of its occurrence, erroneous 
results could occur. For this 
reason, it is important to have 
the capability to detect the 
occurrence of overflow. Over¬ 
flow can be detected on the 
74181 chip by monitoring 
the output of pin 16, the 
inverted carry output. This 
output is normally used to 
feed a “carry” input on 
another 74181, but it may 
also be used to detect the 
occurrence of a carry bit 
(overflow). This output is 
inverted, so it would nor¬ 
mally read HIGH with no 
carry and LOW if a carry 
occurred. An LED may be 
connected to the carry 
output as shown in Fig. 10, 
so that the LED will light if a 
carry or overflow is present. 

By connecting the addi- 



Fig. 10. LED connected to 
carry out. 











Fig. 1 7. Subtraction: A minus B. 


Fig. 12. Subtraction: A minus B, plus carry. 


tional LED as shown in Fig. 
10, we have gained an addi¬ 
tional bit for arithmetic. We 
have a 4 bit arithmetic word, 
but we are able to display a 
five bit result. 

For example: 

1111 (A input) 

+ 1111 (B input) 

1 1 1 1 0 

ihe fifth bit, the LED for 


Subtraction 

Subtraction using twos 
complement arithmetic is 
done by using the instruction 
shown in Fig. 11. This experi¬ 
ment shows an example of 
A-B. The 74181 performs the 
following functions in order 
to effect a subtraction: 

1. The twos comple¬ 
ment of the B input is 
obtained by comple¬ 
menting the value and 
adding 1. The addition 
of the “1 ” is a result of 
making the inverted 
carry in (C|q) a LOW. 

2. The twos comple¬ 
ment of the B input is 
added to the A input. 
For example, let us sub¬ 
tract A\ o from 12io- 
The answer, of course, 
should be 8i Q- 
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The result as displayed on 
the 4 output bits would be 
1000 8io- A=12, B=4, and 
A-B=8. Carry would occur 
and the carry LED would be 
lit, but in this case discarded, 
because it has no significance. 

Do the following problem: 
3 - 4 = ? Let A = 3, B = 4. 
What are the results? 



The result is negative 1 (or 
minus 1), which is the correct 
answer for 3 - 4. 

It may appear that there is 
no way of knowing whether a 
result is negative or positive; 
however, this is not the case. 

Consider the number 1 in 
binary. On paper, we may 
write the number one as 1, as 
01, or even 0000001 if we 
wish. To get a negative one, 
we take the twos comple¬ 
ment, which in the case of 
0000001 is 1111111. This 
representation of a negative 
number is not completely 
correct, since the “1” really 
has an infinite number of 
zeros in front of it. To be 
correct, 0000001 is really 
“(infinite number of zeros) 
0000001,” and the comple¬ 
ment is “(infinite number of 
ones) 1111111.” 

It can be shown that, in a 
negative number, the leftmost 
bit at infinity is a 1 bit. Of 
course in the real world we 


can’t go on writing down an 
infinite number of 1 bits to 
get to the leftmost bit, but 
we can define the leftmost bit 
in our arithmetic word as the 
“sign bit.” Using this defini¬ 
tion, the leftmost bit of our 
four bit arithmetic word is 
now the sign bit, and in our 
example the number 1111 
becomes a negative number. 

Note that, by adopting the 
leftmost bit in our four bit 
arithmetic word, our arith¬ 
metic is now restricted to 3 
bits. The largest positive 
number that we can generate 
is 0111 =7i o- The largest 
negative number that we can 
generate is 1000=8io. 

Multiply by 2 

The instruction shown in 
Fig. 13 is designated an “A 
plus A” instruction, and has 
the effect of multiplying A 
by 2. This instruction may 
also be called a “shift left by 
1 bit” instruction, since it 


shifts the number A to the 
left by one bit. 

This instruction is useful 
for generating the squares of 
numbers and may be used as 
a part of a program to per¬ 
form multiplication. 

Conclusion 

ALUs, such as the 74181 
described in this article, are 
practical building blocks for 
the computer designer and do 
exist as important parts of 
computers available on the 
market today. These ALUs 
may stand alone as indepen¬ 
dent units, or they may be 
combined with other func¬ 
tions to form a device such as 
a microprocessor. Thus, the 
concepts described are appli¬ 
cable to large scale com¬ 
puters, independent ALUs 
and microprocessors. ■ 


1 G. R. Allen, "Two Finger Arith¬ 
metic," 73 Magazine, June, 1976, 
P. 84. 
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- using a pocket calculator 


H ow would you like to 
be able to press one 
button and get complete 
satellite orbit information 
without referring to various 
tables and graphs? Now that 
the new programmable 
pocket calculators are here, it 
is entirely feasible to do just 
that after a simple program 
entry which will give you all 
the information on your 
favorite satellite for the next 
month or so. 

For the past several 
months I have been following 
the passes of the NOAA 3 
and 4 satellites and recording 
the pictures coming from 
these modern day weather- 
predicting devices. Pictures 
have been obtained by FAX 
reproduction as well as oscil¬ 
loscope display as described 
in a number of articles pub¬ 
lished in this magazine. 1 

A computer program has 
been written for the HP 25 
pocket calculator, which is 
the new programmable calcu¬ 
lator made by Hewlett 
Packard. The calculator is 
currently selling for around 
$180, and is an absolutely 
amazing little device which is 
fully programmable up to 49 
steps. Programming is done in 
the same way a normal calcu¬ 
lation is performed so that it 
is not necessary to study 
BASIC or FORTRAN 4 pro¬ 
gramming in order to 
program the device. Since 
there are “GO TO" and con¬ 
ditional steps available on the 
calculator, it is possible to 
have conditional branching in 
the program much the same 
as available in modern day 
computers. 

In the program shown here 
it is possible to just punch in 
the date of the month, such 
as the number ‘*3” for the 
third of April, and then by 
pressing the program "run” 
button, get the pass number, 
the equatorial crossing time 
for that date, and the degrees 
west that the satellite crosses 
the equator. What I generally 
do is assign a number to the 
first pass of the month, and 


then by consulting the 73 
satellite table or ARRL 
nightly broadcasts for NOAA 
4, get the first pass of the 
month info for making up 2 
the program. It is necessary 
to know the time of a given 
pass of the satellite over your 
area and the degrees west 
longitude of this particular 
pass (which we will call pass 
#1 for reference). Once this 
info is found and entered into 
the program, it is only 
necessary to enter the date of 
the month and pass number 
in order to find out the time 
and equatorial crossing longi¬ 
tude. For example, in the 
program shown here, if we 
are interested in finding out 
the first pass of the day infor¬ 
mation for April 2, we just 
press the number two button 


and hit the run/start. We then 
see displayed the first orbit 
number (1), the day (2), and 
the time in hours (local 7.82). 
By then pressing the number 
one (orbit number just 
found) and the run/start 
button again, we see dis¬ 
played the degrees longitude 
(242.9° W) equatorial 
crossing for that orbit. 

After entering the program 
into the HP 25, also enter the 
satellite constants in the pro¬ 
gram memory shown as the 
“registers" 0-7. It then 
becomes obvious that the 
constants for any of the 
Oscar or NOAA satellites may 
be entered to give the desired 
orbit information. 

A word about the register 
constants here: the first con¬ 


stant, R0, is the number of 
passes per day, in this case for 
NOAA 4. R1 is not used 
except in the program 
memory and can be ignored. 
R2 has the value 115, which 
is the time in minutes that 
the satellite takes to orbit the 
earth (in this case NOAA 4). 
R3 is 1440, the total number 
of minutes in one day. R4 is 
the day of the month to 
which is added the time, in 
days, of the first orbit. For 
example, the first orbit 
decided on is on the second 
of April, so we would add the 
number 2 to the time of the 
first orbit in days (not hours), 
which turns out to be 
.3256944 (7.82 hrs or 7:49 
am); hence we come up with 
the number 2.3256944 days 
for the constant R4. 
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ongitude of the first orbit 
obtained as described above, 
ind in this case is the number 
242.9. R6 is the change in 
longitude for each pass of the 
particular satellite chosen and 
in this case for NOAA 4 is 
28.75°. A more accurate 
number will give a more 
accurate predict orbit. R7 is 
360 which turns out to be the 
familiar number of degrees in 

As far as changes in the 
program from month to 
month, it is possible to be 
within one quarter of a 
degree or so after about one 
month’s time, so I change the 
program about once per 
month to update the informa- 

Referring to line '*02" in 
the program body: This 
particular entry is the only 
one that has to be changed in 
the program body if the date 
of the first orbit is changed 


number 2 refers to the day 
of the month for the first 
orbit programmed, which is 
the same number two dis¬ 
cussed above in reference to 
constant R4. 

The program here is partic¬ 
ularly useful for tabulating a 
full month’s orbits for a 
particular satellite. Since the 
passes for each day occur 
about the same time, it is 
only necessary to know about 
the first pass of each day, and 
the other passes can be found 
through simple calculation or 
by substituting the pass 
number in the second half of 
the program. 

A similar program may 
also be developed for other 
programmable calculators 
such as the Tl unit or more 
sophisticated computers. ■ 


Taggart, 73 Magazine, Aug. 
1975: Sept. 1975; Oct. 1975; 
Sept. 1974. 

-NOAA APT Coordinator Calcu- 


HP-25 Program Form 
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Own and Give the Double Eagle Fbndant 
as a Permanent Keepsake 
of the Bicentennial-only S7. 95 

Two delicately chiseled majestic American eagles,symbolizing the first two 
hundred years of the United States of America, form the design of this beautiful 
keepsake authorized by the U.S.Histcrical Society. One eagle looks proudly to 
America’s past, the other confidently to the future. 

Created for the Society by the famed Medallic Art craftsmen who designed 
and made the official Inaugural Medallion for Presidents Ford. Nixon, Johnson, 
Kennedy, Eisenhower, Truman and Roosevelt. 

Coin Collectors: Also available as a bas relief medallion. 

This valuable American work of art is available in silver plate, 24-karat gold 
plate, antique bronze and solid sterling silver. 

Acquire the official Double Eagle medallion or pendant for yourself, for 
members of your family and for your friends as a sign of your pride in America's 
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This new microcomputer dictionary 
fills the urgent need for all com¬ 
munications people, computer 
people, engineers, scientists and 
industrialists to become quickly 
familiar with the terminology and 
nomenclature in a new revolution 
in computer control capabilities. 

Over 8000 definitions and ex¬ 
planations of terms and concepts 
(704 pages) relating to micro¬ 
processors, microcomputers and 
microcontrollers. There are also 
separate appendices on: program¬ 
mable calculators; math and sta¬ 
tistics definitions; flowchart sym¬ 
bols and techniques; binary number 
systems and switching theory; sym¬ 
bol charts and tables; summaries 
of BASIC FORTRAN and APL. In 
addition there is a comprehensive 
electronics/computer abbreviations 
and acronyms section. 

Price: $17.96 

CALCULATOR USER'S GUIDE 
AND DICTIONARY 
By Charles J. Sippl 

Contains comprehensive sections 
on (1) what's available in program¬ 
mable calculators in today's market 
— including comparisons (2) how 
to use most units ranging in price 
from $50 to $3000 (3) a 7000 
term dictionary section relating to 
calculators. 

Programmmable calculators are 
now the keyboard computers for the 
masses — easily understood and us¬ 
able by anyone who knows the 
terminology — students, business¬ 
men, professionals, etc. However, 
you would be wise to buy a calcu¬ 
lator ONLY AFTER READING THIS 
BOOK! Over 450 pages in all. 

Prica: $9.95 
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The Death 
of 

Negative (IBM) Logic 

- - some fundamentals of logic design 


Truth Tables 

The simplest version of 
this handy tool allows you to 
get a picture of what you 
want your logic design to do. 
The table consists of an input 
side and an output side. The 
input side contains a column 
for each of the input lines 
that you have to deal with; 
the output contains the 
results expected for every 
possible combination of 
inputs. For example: You 
need to light a lamp whenever 
one of your home sensors 
shows an open door or 
window or when you push a 
self-test button. You only 
want an entrance to light the 
lamp if the system has been 
enabled by a local switch. 

Your inputs are: 

•Door #1 (D1) 

•Windown # (W1) 

•Self Test Switch (ST) 
•Enable Switch (ES) 

Your output would be: 

•The Lamp 

The truth table will con¬ 
tain five columns constructed 
as follows: 


tions in logic design symbols 
have solidified to the point 
where one professional 
designer can finally communi¬ 
cate with a second with a 


painful growth period, but 
it's finally over. As an ama¬ 
teur logic designer, you have 
a choice of defining your own 
symbols and terms or going 
with the tide and using the 
industry standards. I strongly 
suggest you inflate your 


involved, and using them just 
takes a little practice. There 
are holes in some definitions, 
but by and large the system 
works. 

I would like to make the 
newcomer’s entry as simple as 
possible by going over the 


following terms and symbols: 
•Truth Tables 
•Positive/Negative Logic 
•Standard Symbols 
•Equivalent Symbols 
I would also like to show 
how to name a function and 
why the choice of names is so 
important. The second 
section of this article, about 
positive and negative logic, 


Fig. 2. AND. 


Fig. 3. OR. 



No change 


No change 



0 0 1 

0 1 1 

1 0 1 

1 1 0 

Fig. 5. NAND. 

binary progression of four 
bits. The binary progression 
makes sure that no combina¬ 
tion is left out of the table. 
The output column is gen¬ 
erated by analyzing your 
requirements for each 
possible combination of 
inputs. Tables larger than this 
can be used. I have a different 
version for my home grown 
computer that has 60 outputs 
with better than 100 inputs, 
but as you can see, they 
become large very quickly. 

Positive and Negative Logic 
Suppose that two logic 
designers, one on Earth and 
the other on Mars, are asked 
to analyze a logic module and 
to produce a truth table. 
Each designer is given a volt¬ 
meter and an operating 
module. Both modules are 
exactly the same and both 
operate exactly the same. 

The first thing the two 
designers are asked to do is to 
construct a voltage truth 
table. The modules both look 
like Fig. 1. 

The two voltage truth 
tables are: 

Earth 

ABC 

0 V 0 V 0 V 

0 V +5 V +5 V 

+5 V 0 V +5 V 

+5 V +5 V +5 V 


Mars 

ABC 

0 V 0 V 0 V 

0 V +5 V ±5 V 

±5 V 0 V +5 V 

+5 V +5 V +5 V 

Both tables are exactly the 
same, and both show that 
when a +5 V signal is applied 
to either A or B, the output 
on C will be +5 V. This 



ABF 

0 0 1 

0 1 0 

1 0 0 

1 1 0 

Fig. 6. NOR. 

appears to be an OR func¬ 
tion, right? Not necessarily. 

Both designers are then 
asked to produce a logic truth 
table from the voltage truth 
table shown above. The Earth 
designer has been taught that 
the higher voltage is repre¬ 
sented by a TRUE shown as a 
"1” in his logic table. The 
lower voltage is shown by a 
FALSE or a "0" in the table. 

The Martian designer has 
been taught just the opposite; 
that is, a high is a FALSE or 
“0”, and a low is a TRUE or 

••r. 

The substitution of Is for 
+5 V and 0s for 0 V by the 
Earthling, and 0s for +5 V 
and Is for 0 V by the 
Martian, produces the follow- 
ing different logic truth 
tables: 

Earth 

ABC 

0 0 0 

0 1 1 

1 0 1 


Mars 

ABC 
1 1 1 
1 0 0 
0 1 0 
0 0 0 




K J C Q 

0 0 0 0 

0 0 10 

0 1 0 0 

0 1 11 

1 0 0 0 

1 0 10 

1 1 0 0 

1 1 1 Toggle 


Fig. 9. IK. 


SR 

00 

01 0 

10 1 

11 0 Undefined 

Fig. 7. R/S. 

The Earthman thinks he 
has an OR, the Martian thinks 
he has an AND, but both 

have the same logic module. 

The Earthman is working 
in what we call POSITIVE 
logic, the Martian in NEGA¬ 
TIVE logic. If the two were 
to continue their analysis of 
all module types available, 
they would find that AND = 
OR and NAND = NOR, 
depending on your point of 
view. 

Negative logic was used 
widely right here on Earth in 
many places (IBM for one), 
but luckily the practice is 
going away. There may be 
good reasons to use it in 
certain cases, but I would 
think that they would have to 
be very good reasons to put 
up with the confusion it 
causes. So much for the 
world of negative logic; from 
now on everything will be 
referenced positively. The 
higher of the two logic levels 
will be a 1 or TRUE, the 
lower 0 or FALSE. 

Standard Symbols 

The standard symbols for 
the most common logic ele¬ 
ments are shown in Figs. 2-4. 
From these the elements in 
Figs. 5 and 6 were generated. 

As you can see, the differ¬ 
ence between a NAND and an 
AND is simply that the 
output is inverted (as sig¬ 
nified by the small circle on 
the output). 

Flip flops are a bit more 
difficult to describe. This 
family consists of Set/Reset 
(R/S), D type, and JK (Figs. 
7-9). Most flip flops have 


0 1 0 

1 0 No change 


Fig. 8. D type. 

several more inputs than 
those shown; for an exact 
definition of the operation of 
each, you should get a Texas 
Instruments Manual. 

Equivalent Gate Symbols 

Since it is possible to use a 
NAND to perform an OR 
function and a NOR to per¬ 
form an AND function, logic 
designers came up with 
specialized symbols to show 
when gates were used in this 
manner. For example, if you 
have to OR three lines whose 
active state is low, you would 
use a three input NAND. The 
logic could be drawn using a 
standard NAND symbol, as 
shown in Fig. 10, but Fig. 11 
would more clearly show the 
ORing function. Exactly the 
same logic gate is used in 
either case, but it is now 
apparent that an ORing is 
taking place by the shape of 
the symbol. 

The gate symbols shown in 
Figs. 12-15 are all equivalent. 
The important thing about 
these symbols is the use of 



Fig. 12. ANDing function 
using a NAND. 





Fig. 13. ORing function 
using a NOR. 

the inverter symbol on the 
input. After you have com¬ 
pleted a logic design using 
these four symbols, if you 
have anything other than 
negated inputs connected to 
negated outputs, you have an 
error. Either your incoming 
term is misnamed, or it 


Fig. 14. ORing function 
using a NAND. 

needs to be inverted. It is 
quite possible to do all your 
logic design without resorting 
to the equivalent symbols, 
but the result will be less 
readable. 

Term Names 

When picking names for 


Fig. 15. AN Ding function 
using a NOR. 

the terms in your design, be 
sure to choose the active 
function. For example, the 
circuit shown in Fig. 16 is 
widely used to generate 
binary logic levels from a 
switch. If closing the switch 
pulls the line to a logic zero 
and clears the system, it 


Fig. 16. 

should be named CLEAR 
(spoken, “CLEAR NOT"), 
rather than •‘DON'T 
CLEAR.” Always think of 
the action to be performed, 
name it, and then add the 
negation if necessary. Don’t 
attempt to find a name for 
the true condition first. ■ 
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... And on the Other Side 

--binary and 
octalization of 
decimals 


I n a previous effort, I des¬ 
cribed a simple method of 
taking a whole number 
written in base 10 (your 
ordinary everyday numbering 
system) and producing its 
equivalent in binary (or base 
2). 1 You could also turn it 
into its octal equivalent (base 
8), if that’s what you desired. 
The beauty of the method 
was that the entire math 
depended upon your ability 
to divide by the number 2 or 
the number 8. 

The logical question is, 
"What do we do if there is a 
fractional part to the num¬ 
ber?” Putting it another way, 
“What do we do with num¬ 
bers to the right of the 
decimal point?” 

Taking a peek in the rear¬ 
view mirror, the temptation is 
to ask, "Why bother?” If the 
rearview mirror shows an 
interest in computers, the 
answer is, "Let’s bother!” 
Systems that you and I might 
hope to afford generally eat 
binary and octal, so the least 
we can do is appreciate the 
"food” shoved down their 
expensive electrical gizzards. 

We know that in the 
decimal system each digit to 
the right of the decimal point 
has a value. The progression is 



tenths, hundredths, thou¬ 
sandths, and so on. Thus 
0.125 is really the sum of one 
tenth, two hundredths and 
five thousandths. 

With muted thanks to Miss 
Venables, who taught me all 
these good things, let’s climb 
out of the sandbox and 
examine the same idea in the 
binary system. The values to 
the right of the decimal point 
have values of one half, one 
fourth, one eighth, one six¬ 
teenth, and so on. Octal is a 
bit rougher, as base 8 pro¬ 
gresses rapidly. The values are 
one eighth, one sixty-fourth, 
one five hundred twelfth, etc. 

With these basics in mind, 
we can skip down the prim¬ 
rose path of conversion from 
decimal to either octal or 
binary by extending our grasp 
on basic math to the extent 
that we can skillfully 
multiply by two or by eight 
as the case may be. 

Suppose we consider the 
delightful decimal 0.53 and 
wish to convert it to binary. 
We are really asking the 
following successive 
questions: "How many one 
halves does this number con¬ 
tain? How many quarters? 
How many eighths? How 
many sixteenths?" And so it 


goes, until we get to the final 
binary equivalent. To convert 
it to octal we would ask the 
same questions, but would 
substitute the octal place 
values. Rather than go 
through this, though, we 
merely start multiplying by 
two or by eight and look for 
the signposts that give us the 
proper numbers to put down 
in our conversion. For the 
binary conversion our num¬ 
bers will be limited to zero 
and one, while for octal the 
numbers will range from zero 
to seven. 

The Method 

We will assume that we 
want to take the decimal base 
ten value 0.53 and convert it 
to the equivalent binary nota¬ 
tion. Please make a firm note 
that there is a zero to the left 
of the decimal point. When 
you start flirting with com¬ 
puterese or definitive math, 
zero is a powerful animal that 
can really hang you up when 
ignored or misused. The 
method is simplicity itself: 

• Multiply 0.53 by 2 ... 
1.06. 

• Any figure to the left of the 
decimal point, including zero, 
becomes our first binary digit 


in the desired answer... 0.1. 

• We now multiply the 
decimal portion of the first 
multiplication again by two 
(0.06x2) ... 0.12. Thus the 
next digit in the binary 
answer is a zero .., 0.10. 

• We merely continue this 
process until we are satisfied 
that our conversion is rela¬ 
tively complete. In the case 
of 0.53 (base 10) to binary, 
carrying this process to seven 
places would give us an 
answer in binary of 
0.1000011. It is definitely 
interesting to take the time to 
see what the absolute value of 
the binary answer is in order 
to see how successful the 
conversion has been. The 
binary answer is the arith¬ 
metic sum of the values of 
each binary place, i.e., the 
sum of one half (0.500), plus 
no fourths, plus no eighths, 
plus no sixteenths, plus no 
thirty-seconds, plus one 
sixty-fourth, plus one one 
hundred twenty-eighth. 

Those numerical specifica¬ 
tions look like this: 

0.500 (one half) 

0.015 (one sixty-fourth) 

0.007 (one one hundred twenty- 

_ eighth) 

0.522 




Note that in the conver¬ 
sion process there is a slight 
discrepancy in the third 
decimal place. If we had 
taken the conversion of 0.53 
base 10 to an additional 
binary place we would have 
gotten even closer, which 
illustrates that eight places is 
not overkill when converting 
a decimal base 10 form to 
binary. 

The octal conversion 
process is identical in meth¬ 
odology but we now use the 
number 8 as our multiplier. 
Ergo: 

0.53 x 8 = 4.24 ... 0.4 

0.24 x 8= 1.92. .0.41 

0.92 x 8 = 7.36 . . . 0.417 

0.36 *8- 2.88 . . . 0.4172 

Thus the octal conversion 
held to four steps (for sim¬ 
plicity) is 0.4172. 

On a one time basis to 
understand the point, it is 
worthwhile to wade through 
the place values of this con¬ 
version to see how close the 


octal conversion comes to the 
original decimal (0.53) that 
we started out with. 

0.41 72 in base 8 is really 
the sum of: 

4x1/8 or 0.5000 

1x1/64 or 0.0150 

7x1/512 or 0.0133 

2 x 1 /4096 or 0.0004 

0.5287 

Note that the difference 
between the binary expansion 
and the octal expansion is, as 
mentioned, due to the fact 
that binary uses only ones or 
zeros, while octal uses all 

numbers from zero to seven. 
Thus, when you examine the 


binary result to see how close 
your conversion is, the pro¬ 
cess is simpler than the octal 
case where each place value 
has to be multiplied by the 
number in the octal answer. 
It is also interesting to note 
that the octal conversion in 
this case was a more accurate 
conversion in four steps than 
the binary conversion was in 
a larger number of steps. If 
we had taken the binary con¬ 
version one more step (for a 
total of 8), our binary conver¬ 
sion would have gone from 
0.522 to 0.525, which is still 
not quite as good as the octal 
conversion of 0.5287. 


Without quibbling over the 
merits of binary versus octal 
final accuracy, you just might 
now be nourishing the faint 
suspicion that “the com¬ 
puter” may have some 
trouble in “exactly" repre¬ 
senting some numbers fed 
into its inner workings. This 
is an accurate conclusion on 
your part. Putting it another 
way, the math through the 
computer may well not be 
"on the money” - just 
damned close. ■ 


1 "What's That in Binary?", 73, 
March, 1976, pp. 92-93. 
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Build the Safari 
RTTY Terminal 


--an active filter modem from 


Africa 


A fter various experi¬ 
ments with coils and 
capacitors, it was decided to 
try active filters for decoding. 
The main problems in 
decoding RTTY are the high 
amount of noise on the 
signal, the QSB, and a very 
often found frequency insta¬ 
bility of the received RTTY 
signals. To bring all this under 
one hat together with the 
demand of low cost, a lot of 
compromises had to be made. 

Fig. 1 shows the block 
diagram of the RTTY 
encoder-decoder. 

To become independent of 
QSB, a limiter had to be 
placed at the input. A low 
pass and a high pass filter 
reduce the noise above and 
below the wanted frequencies 


Reprinted from Radio ZS, 
Volume 29, Number 3, pp. 10-13. 


(2125 Hz and 2295 Hz). 
After these stages common to 
all frequencies, the filter stage 
follows. The filtering is done 
in a somewhat unusual way. 
The signal (a square wave) is 
fed through a notch filter 
designed to eliminate the 
basic frequency of the square 
wave. 

Having passed this, the 
square wave looks like the 
one in Fig. 2. 

This signal, together with 
the square wave as it looked 
before the notch filter, then 
enters an op amplifier used as 
a differential amplifier. 

If the input signals to this 
op amplifier are equal 
(applies for ail frequencies 
except the notch frequency), 
there is no output. For the 
notch frequency there is a 
sine wave output. This sine 
wave is rectified and detected 
in an op amplifier, wired as a 
Schmitt trigger. In order to 


observe a received signal, add 
a pair of LEDs including tran¬ 
sistor drivers. The Schmitt 
trigger is followed by the 
pre-driver and driver stages 
for the teleprinter magnet. 

The encoder basically con¬ 
sists of an unijunction 
oscillator. This of course does 
not generate a square wave 
and is therefore followed by a 
“flip flop” which generates a 
square wave of exactly 50% 
mark space ratio. Since a flip 
flop divides by two, the uni¬ 
junction oscillator has to run 
at twice the frequency. 

To change the frequencies 
(mark space) a transistor 
2N2904 is used to change the 
value of the charge resistor 
for the unijunction oscillator. 
The BC108 in front of the 
2N2904 is to change the 
switching for “upside down" 
transmission, in the SSB 
mode. The square wave 
coming out of the flip flop is 


fed into the decoder input. A 
sine wave signal to modulate 
any SSB or AM transmitter is 
obtained after the combining 
amplifier. 

The frequency of the 
notch filter is determined by 
resistor R and capacitor C 
and is worked out according 
to the formula below (see 
Fig. 3): 


2rrRC 


f in Hertz 
R in Ohms 
C in farads 


The circuit of the com¬ 
plete encoder-decoder is 
shown ih Fig. 4. 


Construction 

A print of the PC board is 
shown in Fig. 5 with wire 
links shown. The first step is 
to place the wire link 
between pins 4 of IC4 and 
ICS, as this is covered by the 
1C holders. Assembly from 
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Fig. 3. Basic notch filter. 





then on is straightforward. 
After all the components 
have been installed, check the 
board but do not plug in the 
ICs. Connect the unit to +10 
V and check that the voltage 
on pin 16 of IC10 is +5 V. If 
not, change R44 to achieve 
this value. 

Encoder 

With an oscilloscope con¬ 
nected to the collector of 
TR5, check that the unijunc¬ 
tion is triggering. Then insert 
the 1C 7476 into IC10 socket 
and check for a square wave 
at the encoder output socket. 
Connect a counter to this 
same position and adjust the 
two 5k trimpots so that, with 
the two leads which go to the 
keyer circuit shorted, the 
output is at 2295 Hz and 
with them disconnected, the 
output is at 2125 Hz. 

Decoder 

Insert IC1, and with audio 
signal generator connected to 
the input terminal, check 
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with the oscilloscope on pin 6 see that the output increases necessary to pad these 

that the output is a square from below 2125 Hz to above resistors to bring the peak 

wave and remains at the same 2295 Hz. Insert IC4, IC5, IC6 exactly onto 2125 Hz, 

level for all input voltages, and IC7. Connect the scope remembering that the lower 

Insert IC2 and IC3; check to pin C of IC6 and see that the resistors, the higher the 

with an oscilloscope con- the output increases sharply frequency, 

nected to the center of the at 2125 Hz. This resonant Now do the same at IC7, 
potentiometer connected to point is governed by the two at point D, but for a fre- 

pin 6 of IC3. Tune the audio 8.2k resistors connected to quency of 2295 Hz. Remove 

generator across the band and pin 3 of IC4; it may be the audio generator. Insert 



Fig. 5. Encoder-decoder PC board, and component layout. * jumper emitter of TR7 to 
positive rail. 












Fig. 6. Teleprinter switching PC hoard and component layout. 


ICS, adjust the 20k potentio- tiometer slightly. Reconnect 
meter R31 connected to pin the audio generator and 
2 of ICS until the LED lights check that the LED lights up 
up, then back off the poten- to 2125 Hz ±45 Hz. 


Repeat the above for IC9 likewise check the output at 
and a frequency of 2295 Hz. point D. Now connect the 
If the bandwidth at the oscilloscope to the mike 
resonant frequency is too input lead, and with the 
broad, adjust the R14 and balance potentiometer, adjust 
R19, on 1C4 and IC5, to both outputs to be the same 
narrow the bandwidth. These while switching the encoder 
are normally set at about 5 between 2125 and 2295 Hz. 
Ohms. Be careful that the The parts layout for the 
setting does not result in encoder-decoder is shown in 
ringing in the notch filter. Fig. 5 and the parts layout 
Place a voltmeter between for the teleprinter switching 
each output and earth and is shown in Fig. 6. 
check that the voltages rise to The teleprinter layout 
+3.8 volts whenever the audio shown in Fig. 7 was designed 
generator is on the correct to fit into a Creed 54B tele¬ 
frequency. printer, but may fit into your 

Now connect the output teleprinter. The reason a 
of the encoder, when it is separate board was used was 
switched to 2125 Hz, to the to keep the 150 volt dc line 
input of the decoder. Con- well away from the main 
nect the oscilloscope to point modem unit. It is advisable to 
C and adjust R12 so that the use an isolation transformer if 
output is a sine wave. Switch the unit is operated on 110 
the encoder to 2295 Hz and volts ac. ■ 




Fig. 2. The circuitry for one of the gates in the 7400 quad 
two-input NAND gate. 
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Fig. 1. The two-input NAND gate. 1 (a) is the schematic, (b) 
shows the truth table. The pin layout of the SN7400 is in 1 (c). 


Never Underestimate the NAND 

--introducing the 7400 quad NAND gate 


Robert Henson WBOJHS 
1016 Polk Blvd. 

Des Moines 1A 50311 


E ven a ham who con¬ 
siders himself somewhat 
knowledgeable on digital 
logic can be confused when 
he glances at a new logic 
circuit for the first time. 
Though the logic elements 
involved in any particular 
circuit are seemingly simple 
to understand, their 
interconnection with other 
elements and devices often 
tends to make the circuit as a 
whole confusing to the point 
of incomprehensibility, 
especially to the 
inexperienced. Circuit 



analysis is also further 
complicated when logic 
devices are utilized to 
perform functions other than 
that for which they were 
primarily intended. 
Unfortunately, these sources 
of confusion often appear 
formidable enough to 
discourage some of the less 
experienced hobbyists from 
experimenting with digital 
logic circuits. 

This article will attempt to 
dispel some of the mystery 
about the many uses of one 
of the most basic logic 


elements, the two-input 
NAND gate. In addition to 
explaining its primary 
function, it will be shown 
how it may be connected to 
perform the functions of an 
inverter, a set-reset flip flop, a 
switch debouncer, a pulse 
shaper, a square wave 
oscillator and even a crystal 
oscillator. In spite of the 
rather ominous forewarning 
that this article is about a 
digital logic element in an 
integrated circuit package, it 
will be shown that these 
applications are extremely 


simple, making this the ideal 
device for learning the basics 
about logic circuits. 

Basics 

For two important 
reasons, the NAND gates 
described in this article will 
all be of the TTL 
(transistor-transistor logic) 
family. First of all, TTL is by 
far the most commonly used 
logic in current ham projects. 
Second, it is the least 
expensive and the most 
readily available from surplus 
dealers. The current price of 






Fig. 3. An input conditioning circuit utilizing two sections of 
the quad two-input NAND gate. 


the 7400 quad two-input 
NAND gate is a whopping 
sixteen cents. 

Fig. 1(a) shows the 
common schematic 
representation of the 
two-input NAND gate. Fig. 
1(b) is the truth table that 
shows the output of the 
NAND gate for all possible 
combinations of inputs. The 
truth table is the key to 
understanding the NAND 
gate, and will be referred to 
repeatedly in subsequent 
discussions and applications 
of this device. 

ForTTL logic, each “0” in 
the truth table represents a 
voltage of 0.8 volts or less. 
Each "1" represents a voltage 
of greater than 2.0 volts but 
less than the NAND gate 
supply voltage of 5.0 volts. 

Fig. 1(c) shows the pin 
diagram for the SN7400 quad 
two-input NAND gate. As the 
word quad implies, there are 
four two-input gates 
contained in one dual in-line 
packaged 1C. As was 
previously mentioned, a 
regulated five volt power 
supply is necessary to power 
the 1C. Positive is connected 
to pin 14. Negative is 
connected to pin 7. 

Internal Circuitry 

At this point let’s digress 
for just a moment and take a 
peek into the innards of the 
1C. If transistor circuitry isn't 
your bag, simply skip this 
section of the article. The 
following discussion of the 
internal circuitry is not 
essential in applying the 
device, but is presented for 
those who desire further 
insight into how the gate 
actually works. For those 
who are indifferent about this 
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aspect of the 1C, the NAND 
gate can be treated as a 
“black box” device. 

Fig. 2 shows the transistor 
circuitry that actually 
comprises each section of the 
SN7400 two-input NAND 
gate. The inputs are actually 
the two emitter leads of Q1, a 
double emitter transistor. The 
output is connected to the 
collector of Q4. 

First, let’s consider the 
case where both inputs are 
tied to a “1", or a voltage of 
between 2.0 and 5.0 volts. 
This will correspond to the 
bottom line of the truth table 
listed in Fig. 1(b). The 
base-collector junction of Q1 
will be forward biased for this 
particular set of inputs, 
allowing Igci to flow. This 
current will be of sufficient 
magnitude to saturate 
transistor Q2. The resulting 
collector current of Q2 will 
produce a voltage drop across 
the 1.6k Ohm collector 
resistor of sufficient 
magnitude to cause the 
collector voltage of Q2 to 
decrease to the point where 
transistor Q3 is cut off, or 
effectively open circuited. 
The rise in potential at the 
base of transistor Q4 caused 
by Q2's increased emitter 
current across the Ik Ohm 
emitter resistor will be 
sufficient to saturate Q4, 
causing its collector voltage 
to drop to near ground 
potential, or a logic “0". This 
is exactly as stated by the 
truth table of Fig. 1(b). 

Now suppose that input A 
is tied to ground or to a 
voltage source of 0.8 volts or 
less. This would correspond 
to the second line of the 
truth table of Fig. 1(b). Now 
a current Igfrj will flow from 


the emitter of Q1 to the 
grounded input A. In this 
case, Igd will be zero, 
causing Q2 to be cut off or 
effectively open circuited. No 
current will flow in either the 
emitter or collector circuit of 
Q2. Therefore, Q4 will not be 
biased on as in the previous 
case, and will in effect be cut 
off, causing its collector- 
emitter junction to appear to 
be open circuited. On the 
other hand, the collector of 
Q2 will be approximately at 
the potential of Vqq. This 
will cause transistor Q3 to 
saturate, presenting a logic 
“1 ” voltage at the output 
terminal that is equal to the 
supply voltage, V(X» minus 
the voltage drop across the 
base-emitter junction of Q3 
and the diode, D3. This 
output voltage is typically 
about 3.3 volts. 

Note that the conditions 
described in the preceding 
paragraph apply to the cases 
where either or both input 
terminals are connected to a 
logic "0” as previously 
defined. This corresponds to 
the top three lines of the 
truth table. 

Diodes D1 and D2 are 
included to help protect the 
gate should the inputs be 
accidentally connected to a 
negative voltage. 

One important TTL design 
rule should be evident at this 
point. An open circuited 
input of a TTL gate 
corresponds to a logic “1” 
input rather than a ”0” input. 
Or in other words, to input a 
logic ”0’’ you must tie the 
input to ground or to a 
voltage of less than 0.8 volts 
so that transistor Ql's 
base-emitter junction will 


conduct. To input a logic "1 ” 
you may either tie the input 
to a voltage of greater than 
20 volts or simply leave that 
input open circuited. 

Gating 

Now that we've taken a 
look at what’s inside the 
NAND gate, let’s discuss 
some of its many uses. First 
of all, as its name implies, the 
NAND gate’s primary 
function is that of gating. I n a 
logic circuit, the NAND gate 
will provide a unique output 
response of logic “0” if, and 
only if, both inputs are 
simultaneously at a lope “1 ”. 
A perusal of any of the recent 
issues of 73 Magazine will 
uncover digital logic circuits 
using the NAND gate in this 
fashion. 

Inverter 

An inverter is a logic 
element that provides a "1" 
output for a “0” input and a 
“0” output for a "1" input. 
The two-input NAND gate 
can be easily converted to 
perform the functions of an 
inverter by simply tying the 
two inputs together. Now, 
only the top and bottom lines 
of the truth table apply. The 
output will always be the 
inverse of the input. 

Like the gating function, 
the use of the NAND gate as 
an inverter is very common. 
The easiest way to gain 
further insight into the 
reasons for its use in this 
fashion is to study current 
digital logic projects in the 
ham magazines. 

Pulse Shaper 

A fast switching waveform 
is necessary to reliably trigger 



Fig. 4. In (a) is the common schematic for the set-reset flip 
flop; (b) shows how two sections of the SN7400 can be 
connected to form a set-reset flip flop. 




Fig. 5. Switch "bounce.” 

TTL flip flops and counters, outputs commonly labelled Q 
Slower switching waveforms and Q. Q is said to be the 
such as low frequency sine inverse of Q, since Q is always 
waves will often result in a “1" when Q is a “0”, and 
erratic operation. The circuit always a "0” when Q is a 
of Fig. 3 shows how two "1”. A logic “0” applied to 
sections of a 7400 NAND the set input of the set-reset 
gate can be connected to flip flop will cause the Q 
form a waveform output to go to a logic “1” 
conditioning circuit, and the Q output to go to a 
providing a TTL compatible logic “0”. The flip flop will 
square wave output from a then remain in this state 
slower switching waveform when the "0” at the set input 
presented at the input. is removed. In this respect, 

As was discussed in the the flip flop may be thought 
section on internal circuitry, of as a memory device. A “0” 
the NAND gates are saturated applied to the reset input will 
logic elements. In other cause Q to switch back to a 
words, the output is either logic “1", and Q to switch 
"on” (at a voltage of back to a logic "0". 
approximately 3.3 volts) or Fig. 4 shows the common 
"off” (at a voltage of logic symbol for a set-reset 
approximately 0.4 volts). The flip flop, and how NAND 
circuitry tends to avoid any gates can be connected to 
in-between output states. form this device. In this 

This characteristic is diagram, both SW1 and SW2 
utilized in the circuit of Fig. are normally open switches or 
3. As the waveform at the contacts. If SW1 is 
input slowly changes from a momentarily closed, 
"0” to a "1” logic level, and grounding pin 1 of IC1A, pin 
vice versa, the abrupt 3 will switch to a logic “1” as 
switching characteristic of the dictated by the truth table of 
NAND gates transforms this Fig. 1(b). This logic “1” is 
input waveform to a square then present at pin 4 of IC1B. 
wave output at terminal 6. Since pin 5 of IC1B is open 
The inclusion of the .01 uF circuited and therefore also at 
capacitor from pin 6 of a logic “1” level, the output 
section IC1B to pin 2 of of IC1B switches to a logic 
section IC1A provides a “0”. Now, when SW1 returns 
transient feedback that to its normally open position, 
further enhances the pin 1 of IC1A returns to a 
switching speed of the trailing logic "I" voltage. However, 
edge of each pulse. pin 2, being connected to pin 

The circuit of Fig. 3 is 6 of IC1B, remains at a logic 
often found in digital circuits “0". Therefore the output of 
that contain transistor or IC1A remains at a logic "1” 
unijunction transistor state and the output of IC1B 
oscillators that do not have remains at a logic "0” state. 
TTL compatible outputs. The This is the “set" condition of 
circuit is also often used to the flip flop, 
condition 60 Hz half-wave Now, if SW2 is 
rectified sine waves for use in momentarily closed, a “0” is 
digital clock circuits. applied to pin 5 of IC1B, 

changing its output to a logic 
Set-Reset Flip Flop "1". Both inputs of ICIA are 

A set-reset flip flop is a then at a logic “1” causing its 
logic element with two output to switch to a logic 
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“0”. As before, both ICIA 
and IC1B retain these output 
states when SW2 returns to 
its normally open position. 
This is the "reset” condition 
of the flip flop. 

Even though there are 
TTL ICs specifically designed 
as flip flops, it is not at all 
uncommon to see the 7400 
quad NAND gate being used 
to implement the set-reset 
flip flop function. In many 
cases one half of the 7400 1C 
will be used as a flip flop 
while the other two NAND 
gates will be used as gates, 
inverters, pulse shapers, etc. 

Switch Debouncer 

We have already taken a 
look at one of the 
peculiarities of interfacing 
TTL logic with the outside 
world, namely the 
requirement of waveform 
conditioning. Another 
interfacing difficulty is 
depicted in Fig. 5. Mechanical 
inputs such as switch and 
relay contacts are relatively 
“noisy.” As shown in the 
illustration, when a 
mechanical switch or relay 
contact closes, the contact 
actually bounces many times 
before coming to rest in the 
closed position. These 
bounces are very fast, being 
only fractions of a 
microsecond in duration, and 
therefore do not affect 
electromechanical or slower 
speed electronic circuits. 
Flowever, to the high speed 
TTL logic, these contact 
bounces are a bona fide string 
of individual input pulses and 
can cause erratic or unreliable 
circuit operation. For 
instance, suppose that a 
counter circuit comprised of 
TTL logic elements was 
constructed to count the 
number of times the switch 
contact in Fig. 5 was closed. 
As can be seen from the 
waveform produced by this 
noisy switch contact, the 
counter would actually count 
the several contact closures 
that result as the contact 
bounces or “chatters” before 
coming to rest in the closed 


position. Obviously some sort 
of interface is necessary to 
prevent this type of 
misoperation. 

The circuit of Fig. 6 shows 
how two NAND gates can be 
connected to form a 
bounceless switch or 
interfacing circuit. SW1 can 
be any SPOT switch or relay 
contact. As can easily be seen 
by comparison to Fig. 4, the 
bounceless switch is no more 
than a set-reset flip flop. Due 
to the memory action of the 
flip flop the circuit will 
always switch on the initial 
contact closure and will 
therefore be immune to the 
subsequent contact bounces. 
As can be seen from the 
illustration, the NAND gates 
will provide one clean pulse 
for each contact closure cycle 
even though contact bounce 
actually occurs at both the 
normally open and normally 
closed switching positions. 

Square Wave Oscillators 
The NAND gate can also 
be connected as a square 
wave generator as shown in 
Fig. 7. The particular 
component values of R t and 
C t shown in this diagram will 
allow oscillation in the 1 kHz 
range. To explain the 
operation of this astable 
multivibrator circuit, let’s 
first assume that we are 
starting at the instant that pin 
6 of I Cl B has switched to a 
logic “0”. Since pin 3 of 
IC1A is at a logic “1 ” at this 
same instant, C t will begin 
charging through resistor R t . 
When the capacitor has 
charged to a voltage sufficient 
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Fig. 6. Two sections of the 
SN7400 connected to form 
a bounceless switch. 




Fig. 8. Two more square wave generators. The oscillator of 
Fig. 8(a) will oscillate at approximately 45 Hz. The oscillator 
of (b) will have a frequency of about 50 kHz. See text for 
description of how frequency may be varied. 


to provide a logic "1 ’’ at pins 

1 and 2 of I Cl A, the two 
NAND gates abruptly switch 
logic output states. Then the 
logic “I" at pin 6 of IC1B 
and the "0" at pin 3 of IC1A 
cause Ct to begin discharging 
through R t . When C t has 
discharged to a "0” logic 
level, the gates abruptly 
change states again. Thus the 
oscillations continue at a rate 
dependent on the RC time 
constant of R t and C t . 

Provisions for keying the 
oscillator can be made by 
disconnecting pin 1 from pin 

2 of IC1A. Now, grounding 
or application of a “0" at pin 
1 of IC1A will prevent 
oscillation, since according to 
the truth table the output of 


IC1A must always remain at a 
“1 ” as long as one input is at 
a "0”. A logic "1 ” or an open 
circuit at pin 1 would allow 
the oscillator to run. 

Two other connections of 
NAND gates to form square 
wave oscillators are shown in 
Fig. 8. Like the oscillator just 
described, these oscillators 
also rely on the 
charge-discharge cycle of 
capacitors to provide 
oscillation. In all these 


oscillators the frequency 
ranges may be varied by the 
selection of the RC 
components. The higher the 
RC product, the lower the 
frequency range that will 
result. 

Oscillators of the type 
shown in Figs. 7 and 8 are 
often found in circuits that 
require a TTL compatible 
clock. Though these oscillator 
circuits are reliable, some 
frequency drift can be 
expected in normal 
operation. 

Crystal Oscillator 

Finally, as shown in Fig. 9, 
the NAND gate can be used 
to make a crystal oscillator 
for applications that require a 


more stable clock pulse than 
that yielded by the previously 
described square wave 
oscillators. As can be seen by 
comparison with Fig. 8(b), 
the crystal oscillator is 
basically the same as the 
square wave oscillator except 
for the replacement of one 
capacitor with a quartz 
crystal. The upper frequency 
range of the NAND gate as 
used in this application is 
typically 15 MHz though 


some gates will oscillate at 
somewhat higher frequencies. 
The addition of a trimming 
capacitor in the circuit of Fig. 
9(b) will allow for netting the 
oscillator frequency if this is 
deemed necessary in certain 
applications. 

Conclusion 

The list of applications of 
the 7400 quad NAND gate 
presented in this article is by 
no means complete. Like all 
other devices, its possible 
applications are limited only 
by the ingenuity of the 
circuit designer. The basic 
simplicity of the device itself, 
its low price tag, and its 
versatility make it the ideal 
device from which the digital 
logic neophyte can gain 




valuable insight into digital 
logic circuitry. ■ 
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Fig. 9. Two examples of how the SN7400 can be connected tc 
form a crystal oscillator. 



Fig. 7. Two sections of the SN7400 connected to form a 
square wave oscillator. See text for description of circuit 
operation. 


Type Description Fries 

11C01FC Hi 9 h Speed Dull 5-4 Input 0R/N0R 

$15.40 

11C050C 1 GHZ Counter Dtride By 4 $74.35 

11C05DM 1 GHZ Counter Divide By 4 $110.50 

llCObDC UHF Prescaler 750 MHr 0 Type 

Fl.p/Flop $12.30 

11C24DC Dual m VCM $2.60 

11C44DC Phase Free Detector $2.60 

ncsaoc ecl vcm $4.53 

11C70D; 600 MHr Flip/Flop With Reset $12.30 

UC83DC 1 GHZ 248/256 Prescaler $29.90 

11C900C 650 MHr ECL/TTL Prescaler $16.00 

11C90DM 650 MHr ECL/TTL Prescaler $24.60 

11C91DC 650 MHr ECL/TTL Prescaler $16.00 

11C91DM 650 MHr ECL/TTL Prescaler $24.60 

95H90DC 250 MHr Prescaler $9.50 

95H90DM 250 MHr Prescaler $16.55 

95H91DC 250 MHr Prescaler $9.50 

95H91DM 250 MHr Prescaler $16.50 
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THIS MONTH'S Specials 

NEW Fairchild VHF, Prescaler Chips 


S4 00 6146B/8298A 


S100 £ |Jgg3 


572B/T1601 522 00 


S7 95 0072 


56 95 8950 

532,00 6LQ6 
7289/2C39A 10 for $12.50 


57.00 2N6080 


51 20 2N6O03 


electronics 
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EL Cheapo Signal Tracer 

--test gear for the cheapskate 



— there are painful memories 
involved.) When the smoke 
cleared, the two audio output 
transistors and their trans¬ 
former were in such a mess 
that they were eligible for 
foreign aid (it’s a Japanese 
receiver). I wanted to get 
back on the air fast, so I 
rummaged through the junk 
box until I found a cheap 
transistor radio. With this, a 
resistor, and a capacitor, and 
ten minutes of work, we were 
back in business. Best of all, 
the transistor radio is still 
usable instantly if I ever fix 
the six meter receiver. 

The modification to the 
pocket radio involves four 
steps. First, find the earphone 
jack and the earpiece and 



Fig. /. The original circuit. 



dropping resistor connected to the positive battery terminal, and the lead 
rot to the external jack. 

Photos bv Mike Likavec WA8NNX 







This photo shows the diode detector (nestled snugly between two i-f cans) and its lead (going to 
the jack). 


cord that plug into it. Inside, 
the jack will have three wires 
connected to it: a ground, a 
lead to the speaker, and 
another one trailing off to the 
innards of the radio some¬ 
where. This last wire actually 
goes to the secondary 
winding of the audio output 
:ransformer (see Fig. 1). 

Leave the ground wire un- 
listurbed. Unsolder the wire 
o the speaker and the one to 
he innards, both at the jack, 
ind note which went where, 
solder the ends of these two 
ogether and tape them. Now 
he radio is permanently con- 
tected to its built-in speaker. 

The second step involves 
inding the point where the 
Node detector connects to 
he volume control. This can 
*e found by tracing back 
rom the center pin of the 



volume control along the foil 
until you find the glass diode. 
Unsolder the end of this 
diode which goes to the 
volume control, but leave the 
other end connected. Solder a 
piece of insulated hookup 
wire to the free end of the 
diode. The other end of this 
wire is soldered to the pin on 
the earphone jack that was 
formerly connected to the 
speaker. Solder another piece 
of insulated wire to the point 
on the circuit board where 
the free end of the diode used 
to be. The other end of this 
wire is connected to the 
remaining pin on the ear¬ 
phone jack that used to be 
connected to the innards. 
Now, without a plug in the 
earphone jack, the pocket 
radio will play normally, 
since the diode detector is 
connected to the volume con¬ 
trol once again, although now 
through the contacts of the 
earphone jack (see Fig. 2). 

For the third step, cut the 


earpiece off the end of its 
cord. Strip the ends of the 
wires, and with an ohmmeter 
or continuity checker, find 
out which of the wires goes 
to the inner pin of the jack, 
and mark it. The other lead is 
the ground connection, which 
can be connected to an alliga¬ 
tor clip. Solder one lead of a 
1 uF capacitor to the "hot” 
lead. This capacitor will keep 
stray dc voltages out of your 
pocket radio, thus preventing 
premature trauma. The free 
end of the capacitor is the 
probe tip, and is to be con¬ 
nected to the equipment 
under test, wherever you 
suspect audio should be. With 
the earphone plug inserted in 
the jack, and the probe con¬ 
nected to the circuit under 
test, you should now hear the 
desired signal, rather than 
Olivia Newton-John. The lead 
with the capacitor can be 
built into the plastic end of a 
discarded ballpoint pen, to 
make a neater probe tip. The 
voltage rating of this capaci¬ 
tor must be higher than any 


voltage you have in the equip¬ 
ment under test. For tube 
type receivers, 600 volts is 
usually adequate, while a 50 
volt capacitor is adequate for 
transistor receivers and hi-fi 
gear. 

If you’re going to run the 
pocket radio from its own 
battery, this step may be 
omitted. If you would like to 
run the pocket radio from the 
voltage in the gear under test, 
this formula can be used to 
find the right value of 
dropping resistor: 

Resistance - 

(Available Voltage) - (Voltage Needed) 
Receiver Current 

For example, if your pocket 
radio needs 9 V to operate, 
and 12 V is available, and the 
pocket radio draws an average 
of about .010 A, then by 
plugging the numbers in: 

12-9 

.01 " .01 
300SI resistance needed 

The wattage needed for 
the resistor can be figured by 
the formula |2R = P; that is, 
the current multiplied by 
itself, times the resistance, 
gives the needed power rating 
in Watts. In the example 
above, it would be (.01) x 
(.01) x 300 = .03 Watts. A % 
Watt resistor would give a 
more than adequate safety 
margin. If you’re planning to 
use a 150 V supply to run the 
pocket radio, a 14.1 kO at 
1.4 Watts is the calculated 
value, and 15 kO at 5 Watts is 
adequate and a practical com¬ 
mon value. This resistor is 
connected between the posi¬ 
tive terminal of the battery 
holder and the supply voltage 
point, as shown in Fig. 3 and 
the photo. 

Once completed, the 
pocket radio can be used nor¬ 
mally, and, by just plugging in 
the earphone plug/test probe, 
it becomes a signal tracer or 
audio amplifier. Total cost is 
less than fifty cents as 
promised, and you’ve still got 
your radio. ■ 


ig. 3. Battery terminals with added dropping resistor. 
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FSK with the SB-401 


- - simple way to get on RTTY 


r n the good old days (and tube (ai 


ty good old days goodie) would produce a fie- 
ean George M. quency shifted signal. Those 


Cohan days), the average ham 
had a CW or CW-AM (remem¬ 
ber that?) transmitter and a 
separate VFO. For those 
enterprising enough to try 
radioteletype (RTTY), a 
simple diode keyer applied to 
the cathode of the oscillator 


wanting to do some back¬ 
ground reading, or who may 
still have a separate VFO and 
wish to try the old way, 
should refer to an excellent 
discussion of a “shift-pot" 
circuit in QST, May, 1965. 
Irv Hoff, a RTTY pioneer, 











had a series that year which is 
required reading for anyone 
contemplating RTTY. If you 
are going to use the old, but 
venerable, shift-pot circuit, 
then you are excused from 
reading the rest of this article, 
and may drool at the ads 
elsewhere in this magazine. If 
not, stay with me. 

Not too many years ago, a 
new beasty, SSB (or SSSC, as 
it was first named) hit the 
airwaves. In order to put one 
of those on RTTY, you had 
two alternatives: Either use 
the rig as an expensive CW 
transmitter and use a shift- 
pot circuit, or inject audio 
tones and shift them, thus 
producing FSK at the output. 
Again, Hoff’s landmark QST 
series goes into much detail 
an this. The AFSK input 
approach is certainly simple, 
put unless the transmitter is 
perfectly “clean” with regard 
:o unwanted sideband and 
rarrier, and the audio tones 
ire perfect sine waves, all 
,orts of spurious signals can 
esult. The end effect is to 
nake us use the SSB rig as a 
:W transmitter, and fall back 
>n the shift-pot. 


(AFSK) method. This article 
details a method for fre¬ 
quency shift keying these 
transmitters that is easier 
than using the old shift-pot. 

In order to maintain the 
same frequency on upper and 
lower sidebands, and still get 
the audio filtered through a 
mechanical filter to generate 
said sideband, it becomes 
obvious that some means of 
shifting the LMO frequency 
must be inherent in the 
system. The "BIAS" input 
does just that. By shifting the 
bias, the frequency of the 
LMO is shifted several kHz. 
Now, all we have to do is 
shift the bias in step with the 
desired FSK signal, and 
reduce the magnitude of the 
shift to 850 Hz, 170 Hz, or 
whatever is desired. 

The circuit, shown in Fig. 
1, does just that. Bias voltage 
for the LMO is derived from 
the junction of R404 and 
R407. A ground is established 
through Ra and Rb, with Rb 
shorted on “mark” — pro¬ 
ducing a high frequency. In 
order to make the circuit 
practical, a means of selecting 


Enter a new era. With the 
SB-400/401, Heathkit intro¬ 
duced the ham to the Linear 
Master Oscillator. Unlike the 
VFO, the LMO is said to be 
linear over the entire band, 


making frequency readout 
and calibration a cinch. Only 
one hang-up: The LMO is 
sealed. How can you transmit 
FSK? Until now, the only 
way has been the audio input 
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Fig. 2. Frequency shift keyer. 


impractical. A polar relay, or have lost the connectors for 
better yet a magnetic reed the socket, they are available 
relay, may be used. For a from Heath, or in many parts 
discussion of the magnetic stores (Waldom/Molex .093” 
reed relay in keying, see my Mating Pin Terminals, No. 
article, "AFSK Revisited,” in 1381-80). The unit may then 
the January, 1974 issue of 73 be plugged in or unplugged as 
Magazine. In it I go into the desired, 
how and why of reed-relay Calibration and operation 
keying. are as with any FSK network. 

Connection to the SB-401 With the keyboard contacts 
is made on the underside, at in "MARK” condition, zero 
Terminal Board No. 2. R407 the transmitter to the desired 


shifts, and disabling the 2. Keying for the FSKer must is available there, and leads 

circuit for SSB operation, is be done “dry,” with clean may be run from each side, 

necessary. These additions contacts. This makes direct and ground, to the accessory 

result in the final circuit, Fig. keyboard or loop keying socket in the back. If you 



frequency. Open the key¬ 
board contacts and adjust the 
appropriate potentiometer 
for either 850 Hz or 170 Hz 
shift. The transmitter should 
be loaded to only 100 Watts 
or so, rather than the full 175 
Watts, as long continuous 
transmissions are not con¬ 
ducive to final tube health. 
Cutting back from 175 Watts 
to 100 Watts is less than a 3 
dB change, anyway. A 
straight key plugged into the 
key jack will serve as both a 
transmit/receive switch and a 
means to identify the station 
on CW. 

Although the slant of this 
article has been directed 
toward the use of FSK for 
RTTY, any variable modality 
may be introduced to pro¬ 
duce a corresponding fre¬ 
quency shift. Rather than use 
audio tones, an enterprising 
SSTV enthusiast might find 
herein a way to produce that 
peculiar signal in a novel way. 

At any rate, I hope this 
method can find wide appli¬ 
cation, and get more of you 
out there on the green keys. ■ 
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Social Events. 


DUNSEITH ND 
JULY 10-11 

The 13th Annual International 
Hamfest will be held July 10 and 11, 
1976 at the International Peace 


The Shiawassee Amateur Radio 
Association (SARA) of Owosso, Mich¬ 
igan is hosting the Michigan Buzzards 


Club, Inc., Annual Crossville Hamfest 
will be held in Crossville TN on July 
24-25, 1976 at the Cumberland 

County Fairgrounds. Technical 
forums will be at the Holiday Inn on 
July 24 and the banquet will be at 
Holiday Hills Country Club on Satur¬ 
day night with a Breeder Reactor 
Program planned. Sunday, July 25, 
features a picnic, flea market, raffle of 


For info or tickets contact Al Lanwer- 
meyer WN0QBS, or Zero-Beaters 
ARC, WA0FYA, Box 24, Dutzow, 
Mo. 63342. 

LEVELLAND TX 
AUG 1 

The 11th Annual Northwest Texas 
Emergency Net swapfest and picnic 
will be held in the City Park in 









































SO DARTMOUTH MA 
AUG 29 

Southeastern Amateur 





































































































-2 METER CIVSIIIIS 11 STICK- 

We can ship C.O.D. first class mail. Orders can be paid by: check, money order. 
Master Charge, or BankAmericard. Orders prepaid are shipped postage paid. Phone 
orders accepted. Crystals are guaranteed for life. Crystals are all $5.00 each (Mass, 
residents add 25 i tax per crystal). U.S. Funds Only 

We are authorized distributors for: Icom and Standard Communications Equip¬ 
ment. (2 meter) 

Note: If you do not know type of radio, or if your radio is not listed, give fun¬ 
damental frequency, formula and loading capacitance. 

LIST OF TWO METER CRYSTALS CURRENTLY STOCKED FOR 
RADIOS LISTED BELOW: 


1«. Drake TR-22 

2•. Genave 

3«. Icom/VHF Eng. 

4•. Ken/Wilson /Tempo FMH 

5«. Regency HR-2A/HR212/Heathkit HW-202 


6». Regency HR-2B 
7». S.B.E. 

8». Standard 146/826 
9*. Standard Horizon 
10*. Clegg HT-146 


The first two numbers of the frequency are deleted for the sake of being 
non-repetitive. Example: 146.67 receive would be listed as - 6.67R 

1. 6.01T 9.6.13T 17. 6.19T 25. 6.3IT 33. 6.52T 41. 7.03R 49. 7.15R 57.7.27 

2. 6.61R 10. 6.73R 1& 6.79R 26. 6.91R 34. 6.52R 42. 7.66T 50. 7.78T 58.7.90 

3.6.04T 11. 6.145T 19. 6.22T 27. 6.34T 35. 6.55T 43. 7.06R 51. 7.18R 59.7.30 

4. 6.64R 12. 6.745R 20. 6.82R 28. 6.94R 36. 6.55R 44. 7.69T 52. 7.81T 60. 7.93 

5.6.07T 13. 6.16T 21. 6.25T 29. 6.37T 37. 6.94T 45. 7.09R 53. 7.21R 61.7.33 

6. 6.67R 14. 6.76R 22. 6.85R 30. 6.97R 38. 7.60T 46. 7.72T 54. 7.84T 62. 7.96 

7. 6.10T 15. 6.175T 23. 6.28T 31. 6.40T 39. 7.00R 47. 7.12R 55. 7.24R 63.7.36 

8. 6.70R 16. 6.775R 24. 6.88R 32.6.46T 40. 7.63T 48. 7.75T 56. 7.87T 64. 7.99 


Special! Only $249.95. Get 8 crystals of your 
choice for only $2.50 more with purchase of 
IC-22A. 

READY TO GOON: 


Reception Frequencies 22 channels for 144 MHz band. 

Built-in crystal units for 5 channels. 
Reception System Double Superheterodyne 

Intermediate Frequencies 1st intermediate: 10.7 MHz 
2nd intermediate: 455 kHz 

Sensitivity a. Better than 0.4 u v 20db quieting 





















ATTENTION METRUM II 
OWNERS 


TOUR HAM TUBE 
HEADQUARTERS! 

TUBES BOUGHT, SOLO ANO TRADED 


vanguard has a high quality 
synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 

For complete details and photo 
see our half page ad in the May 
issue of this magazine. 

VANGUARD LABS 


liillEMIiljgl 


Eimac Tubes & Accessories In Stock 
Write or phone for types not listed 
BRAND NSW”**FACT0RY GUARA NTEED 
TOP BRAND Popular Receiving Tube Types. 
BRAND NEW 75%+ Off List* Factory Boxed. 
FREE LIST Available — Includes full line of rf 
Power Transistors. Minimum Order S25. 




SERVING THE INDUSTRY SINCE J 922 


LOGIC PROBE KIT 
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PHONE PAD $6.50 

New, packaged by 
Automatic Electric. 

Preferred by many over 
the tactile pads. Great 
for repeaters, auto¬ 
dialers, etc. 

SP-213A $6.50 ea 3/$16.00 


H [III 

nr 8 £ 


-> 

SPEED CONTROL 

New solid state SCR 
speed control for 
AC/DC devices or resis¬ 
tive loads, lights, etc. 

Good for a whopping 
1.2 KW. Ideal soldering iron control. 

SP-189A $4.50 ea 3/$12.00 



5 VOLT 1 AMP REGULATED power supply kit for logic work. All parts including 
LM 309K #PK-7 $7.50 

DUMMY LOAD resistor, non-inductive, 50 ohm 5 watts $1. 

AA NICAD CELLS brand new, fine biz for handy talkies. $1.25 ea 9/S9. 

ASCII KEYBOARD brand new w/ROM chip, data package $45. 


POWER SUPPLY MODULE 

New, plug-in module. Plugs into AC outlet provides 12 
volts AC at 'A amp by two screw terminals. Great for 
various clocks, chargers, adding machines, etc. New 

$2.50 ea. 5/S10.00 




LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 4% 
x 914 inches. $25.00 each 5/$110.00 


TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 214 x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/$25.00 




VIDEOTAPE HEADS 

Brand new from Cartavision home video equipment. 
Made for % inch tape, includes erase, play, record. We 
include 3 different, made by Vikron, Bogen. 3 different 
for the $5.00. A $60 value. SP 240A 3/$5.00 


Afedwia. 


Please add shipping cc 


P.O. Box 62 

E. Lynn, Massachusetts 01904 


FREE CATALOG 

SP-8 NOW READY 


8 8 8 






















SUMMER TIME SPECIALS 
FOR 

TWO METER MOBILEERS 



RCA SUPERCARFONES 

These rigs are ideal for two meter ham or commercial uses. No 
conversion needed for the ham band. 

Frequency range: 148 to 174 me 
Output power: 30 Watts 

Receiver sensitivity: .35 microvolt for 12 dB SIN AD 
Standby drain: 200 mA. 

Fully transistorized receiver and exciter. 

Plug in any tone coded squelch accessory designed for 12 volts. 
While they last — ONLY $175.00 each, with accessories. 

2 to 5 units $160.00 each 
6 or more $150.00 each 

ACT NOW, AT THESE PRICES WE WONT HAVE THESE RIGS 
VERY LONG. 

PORTABLE USERS: We still have a few RCA TACTECS available for two meter 
use. Prices start at $375.00 each. Call any evening for details. Telephone Number : 
312-627-3540 

Send check or money order to: 


DU PAGE FM Inc. 

P.O. Box 7, Lombard IL 60148 
(312) 627-3540 
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Circle appropriate Reader Service -rfor desired company 

Include your zip code, please. Send money directly to 
advertisers. * Reader Service inquiries not honored. 
LIMIT: 25 requests. 
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Ultrasimple Regu¬ 
lation with New 1C 

— power supply 
design greatly sim¬ 
plified 

WB0JLS 


56 Can An Indoor Antenna Work? - 

making the best of a bad bargain 
Staff 
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12 Inexpensive 
Volts for Your 
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your local Radio 
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EDITORIAL BY WAYNE GREEN 

WAYNE AT ATLANTA good reasoned response to a docket, this is why some of the phone ops 

About 15 minutes before the time ate set too tightly. If the FCC wants have for some time been trying to get 








































everything that would get the axe 
along with AM by making the rules to 
kill AM. I firmly believe that amateurs 
should have the freedom to experi- 

techniques, so if there is not an 
awfully good reason for setting limits 
on experimentation. I think they 
should be left open. 

Just to perhaps enter a slight doubt 
in the minds of those who are so 
emotionally upset by AM that they 
are quite willing to throw out the 
baby with the bath water (to coin a 
phrase), let's suppose that some group 
started working again with double 
sideband suppressed carrier systems, 
complete with a relatively simple 1C 
synchronized receiver detector. 
Suppose this system was demon- 

on phone with very little interference 
as close as 500 Hz. thus permitting 


from the FCC - and little recognition 
other than that — has been the seif¬ 
policing function. 

You want proof? Amateurs with 
any memories at all will recall that 
much of the activity of the FCC with 
regard to amateur radio has been in 
issuing pink slips. If the FCC had 
contacted the ham magazines and 
asked them to pass along the word 
that they would prefer that amateurs 
do thus and so, amateurs would have 
gladly done what was expected. But 
instead, suddenly there is a rash of 
pink slips for not announcing the call 
area when mobile. That’s how we 
found out about the FCC wanting 
that. Phooey. 

child, treat him like a child. If you 
want him to accept responsibility and 
act more yown up. just treat him 
accordingly. The same thing holds for 


particularly on John Wiley, who was 
soon to become the Chairman of the 
Commission. 

Wiley felt that the FCC would rule 
better by ruling less, but he needed a 
group to use as a demonstration of 
what could be done. When amateurs 
went to the trouble to come in and 
tell the FCC they wanted less regula¬ 
tion, it was at a very fortunate time 
... here was just what the FCC 
needed to show what could be done. 

about the ARRL ... they opposed 
the hearing and refused to participate 
in it. I moderated the hearing. After 
the hearing a League lawyer took us 
out to lunch and explained that we 
were naive about how things are done 
in Washington. Maybe. 

Okay, so we did a good job of 
getting FM organized and working, all 
without any help from the FCC at all. 











































































be my guest 

visiting views from around the world 


Thoughts from the Bull-etin 


Board 


of the industrial revolution and how it 
affected our country's growth in the 
late 1800's. The microprocessor revo¬ 
lution seems to be upon us and it 
looks like it might last for a while 
Motorola believes that the micro¬ 
processor revolution has only started. 
They predict that the total effect will 

continue to be felt for 200 years. 
Microprocessors reduce costs to a level 

applications never before considered 
economically practical. 

A quartz crystal watch with LED or 
liquid crystal display (1X0) is a small 
version of the microcomputer. They 
are programmed at the integrated 
circuit (1C chip) manufacturer's plant 
rather than being programmed by a 
person sitting at a keyboard with a 
CRT display. Some of the more 
expensive quartz watches are pro¬ 
grammed to fit a four year cycle. That 
is, they are aware of the day of the 
month, including February, but they 
automatically take care of leap year 
when February has 29 days. Then the 
watch resets itself and it is good for 
another four years. During that time, 
the watch has kept track of the fact 
that it has counted 4 times 10 to the 
12th cycles of the quartz crystal. But 
just once every four years the circuit 
is activated so that it counts and 


displays the time for 29 February! A 
quartz watch on the wrist is actually 
more accurate and stable than the 
broadcast band AM transmitters, a BC 
transmitter being allowed 20 hertz 
drift (2 parts in 10 to minus 5th) 
while the quartz watch has an 
accuracy of 2 parts in 10 to minus 
6th. An added benefit of the LED 

display is that it can be used to locate 

keyholes in the darkl 

the light emitting diode (a truly solid 
state lamp or light source), they shed 
more light. I recently received a green 
LED from Siemens (type LC-57-D) 
which is able to put out 30 milli- 
candelas at a current of ten 
milliamperes. When they first came 
out a few years ago, they put out 
about .5 millicandelas at 20 mils of 
current. At a rated 60 mils of current, 
the green LED is bright enough to cast 
a cone of light like a prefocussed 
flashlight bulb. And green is at the 
maximum of the human eye so it 
appears much brighter. The red LED 
has maximum output at a frequency 
where the response of the eye is only 
10% of that at green. 

Have you thought about what 
effects a local lightning storm might 
have on your solid state electronic 
devices? Consider this. During a light¬ 
ning storm, voltages in excess of ten 


Touching Minds 




speed and not operate at variable 
speeds as before. Either a diode or 
triac in the speed control circuits has 
had its operating voltage exceeded. 
And thinking back, I noticed that my 
Radio Shack Timekube (5, 10, 15 
MHz) receiver would no longer 
function. And it is battery operated (9 
volts) but I was using an outdoor 

exhausted beverage longwirei, I 
noticed later that if I turned the audio 
way up and listened closely, I could 
still hear WWV very weakly. That 
meant that the transistor in the front 

end had gone out during one of the 

recent storms. So go back in your 
memory to see if your electronic 
device didn't fail after a lightning 
storm (even though you may not have 
noticed it till many days later). Seems 
like a good article for some electronic 

^ R Cal Graf W5LFM 

San Antonio Radio Club 
Bull-etin 


Belt Tightening 


The FCC has just released Docket 
No. 20777. the latest step in the 
"deregulation" program. Let us 
examine the immediate effects the 
proposal would have on amateur 
operation in the lower frequency 
bands. 

1. Conventional AM, double side¬ 
band (reduced or suppressed carrier), 
and narrow band FM would be pro¬ 
hibited. 

2 SSB and SSTV signals would be 
much more severely restricted in 
terms of permissible bandwidth than 
at present. Independent sideband 
simultaneous transmission of SSTV 
and voice signals would apparently be 
precluded. 

3. Wide shift RTTY would be 
forbidden in the present CW bands, 
but wide and narrow shift forms of 
FSK would be allowed in the "phone" 
bands. 

4. MCW (A2 emission! would be 
legal on all frequencies in the HF 


have gone into this proposal reminds 
me of the "doublethink" which 
George Orwell describes in 1984, in 
which the government insists that 
"War is Peace; Ignorance is Strength; 
Freedom is Slavery." Now, outlawing 
AM. DSB and NBFM and applying 
strict bandwidth limits to SSB and 
other modes is deregulation. 

Our bands are not critically over¬ 
loaded by present amateur usage. With 
The increase in popularity of VHF FM. 
:he HF phone bands have become 
significantly less crowded in recent 
years. Of course, we do not know 
what we will have as frequency alio 
cations after 1979. But today, 
specified bandwidth limits are neither 
necessary nor desirable. It would work 

be forced to abandon their present 
rigs. We should wait until after the 
WARC to decide if we need rigid 
belt tightening. 


ir K4KYV/1 





















































































happy to see it advertised. Apparently 
you are not one of the first to get the 
word, on how CB has changed in the 
last couple of years . .. hopefully a 
reader or two mil drop you a later 
and bring you up to date. / just 
wouldn't drive without CB these days, 
as it is very valuable. / use it to get 
road directions, say hello to people 


MAKING PLANE'S 


I've been lookin tru Ben Franklin's 
May issue St as per usual it’s jus loaded 
with lot's a info. However, last night 
arnd 9 I was talkin 2 an HRO dn in 
the Santa Cruz Mtns on 2 M with my 


with an effective radiated power of 
500 Watts. 

This ATV program is planned to be 
a pioneer operation in the metro¬ 
politan New York area for sociological 
electronic uses of interactive audio 
visual communication (by radio) 
through simple home terminals and 
publicly located terminals (such as in 


loose-leaf sheet - without a single 
mistaken! Lemme tell you, Wayne, 
that tape was really something. 

For the technical part of the exam I 
used the General Class Study Guide 
which I got from a friend. Hey, thank 
the author for me, huh? I couldn't 

Manual at first, but after reading your 














































7th district in the 10-10 Net Winter 
QSO Party should have been K7PXI 
83/207 and WB7AUJ 73/128, and 
WA7YCQ should have been omitted. 
Also, please note the date change by 
ARRL for the VHF QSO Party from 
the slow weekend of Sept 4th to the 
following weekend, making 4 contests 
for the weekend of Sept llthl 


KENTUCKY QSO PARTY 
Starts: 000 GMT Aug 28 
Ends: 000 GMT Aug 30 
(full period) 

SPONSOR: 

Bluegrass Amateur Radio Cl 



operation only. 

SUGGESTED FREQUENCIES: 

Lower edges of General HF CW and 
phone bands; also Novice frequencies. 
LOGS: 

Send logs by October 1 to Robert 
H. van Outer WB4YQY. 285 Hillsboro 
Ave., Lexington KY 40505. Appro- 


CW: 3575, 7060, 14070, 21090, 
28090 <+/-10 kHz). 

Novice: 3710. 7110. 28110 (+/■ 10 


higher UHF 
ts per QSO. Final 
;otal QSO points 
imber of different 


multiplied by the i 
bands used. 

ENTRIES: 

Usual awards will be issued and the 
standard disqualification rules will 
apply. Logs and entry forms are avail¬ 
able from ARRL, 225 Main St., New- 





























































the QSO Party. All QSO Party entries 
will be screened by the Contest Com¬ 
mittee for possible Worked 5 BEARS 
Awards. A Worked 3 BEAR Cubs 
Award is also available for working 3 
Novice members. 

ENTRIES: 

Logs must show dates, times in 
GMT, stations worked, exchanges sent 
and received, bands, and modes used 
and scores claimed. Include check 
sheet for entries with more than 100 
QSOs. Each entry must include a 
signed statement that the decision of 
the Contest Committee will be 
accepted as final. No logs can be 
returned. Results of the QSO party 
will be mailed to all entries and an 
SASE is NOT required. Logs must be 
postmarked no later than October 11, 
1976 and sent to Boeing Employees' 
Amateur Radio Society, c/o Contest 
Committee, Willis D. Propst K7RSB, 
,18416 38th Ave. S., Seattle WASH 
98188. 

PENNSYLVANIA QSO PARTY 
Operating Periods: 

1600 0500 GMT Saturday. 

Sept 11 

1300-2400 GMT Sunday, 

Sept 12 

The 19th annual PA QSO Party is 
sponsored by the Nittany ARC and all 
amateurs are invited to participate. PA 
stations may work both in state and 
out-of-state stations. 

EXCHANGE: 

QSO number, RS(T). and PA 
county or AR RL section. 
FREQUENCIES: 

Phone: 1815, 3980, 7280, 14315, 
21380. 28560 

CW: 1810, 3550. 7050, 14050, 
21050, 28050 

Novice: 3715. 7160, 21115, 
281115. 

Please note changes from last year's 
frequencies! 

SCORING: 

PA stations score 3 points per 
non-PA QSO and 1 point per PA QSO. 

Final score is total number of QSO 

points times number of ARRL sec 
tions worked (including EPA and 
WPA) plus a multiplier of 1 for any 

QSO times the number of PA counties 
worked (67 max). Stations may be 
worked once per band and mode. 
AWARDS: 

Certificates to section winners with 
10 or more QSOs. 

ENTRIES. 

Logs must show dates/times in 
GMT, stations worked, exchanges 
sent/received, bands, modes, number 
of new section/county as worked, A 
summary sheet should be included 
indicating number of QSOs. total 
counties/sections. QSO points, 
claimed score, rig description, oper 
ating time, and any other gripes, 
suggestions, etc. Mail by October 15th 
to Douglas R. Maddox W3HDH, 1187 
S. Garner St., State College PA 16801. 
Oo not include an SASE. 

YLRL HOWDY DAYS 

Starts: 1800 GMT Thursday. 

Sept 16 



d CW b 


" Par* o 


Log sheets, regardless of score, will 
be of definite interest in preparing the 
contest summary. It will also be of 
definite interest in preparing "soap¬ 
box" comments, unusual occurrences, 
etc. 

ELIGIBILITY: 

The contest is open to all licensed 
amateurs located in the ARRL sec¬ 
tions listed on page 6 of any QST, 
CLASSES OF ENTRY: 

The contest is divided into two 
classes: CW and phone. CW and phone 
scores must be logged, tabulated and 


total operating time may be used 

during this period. Times on and off 

the air must be shown in the log. 
Minimum time off period allowed is 
15 minutes. Listening time must 
count as operating time. 

Phone Class — All phone contacts 

must be made during the period 0001 

GMT Sunday. September 19, and 
0000 GM Monday, September 20. 
Only 18 hours total operating time 
may be used during this period. Times 


VOI NFLD 


New Brunswick 

Manitoba 

Saskatchewan 

Alberta 


the log. » 


BANDS: 


TYPES OF ENTRY: participating entry is licensed may b( 

There are two types of entry - used. A station may be worked ono 

single operator and multi-operator. A on each band in each contest dassifi 

single operator station is one manned cation. The use of repeaters for con 

by an individual amateur who receives test exchanges is not permitted, 

no assistance from other persons dur- EXCHANGE: 

ing the contest, such as log keeping or W/Ks will work VE/VO station 


Stations u 


e ama VE/VO t 


ersa. W/K t 
VE/VO QS 


Northwest Territories VE8 NWT 
Example CW exchange might be 
"W9XXX DE VE4YYY 579-165 
MAN K"; an example SSB exchange 
might be "VE1WWW, this is W7ZZZ. 
Your report 5 and 9 and 296 Oregon 

SCORING: 

Each completed contact is 2 points 
times the number of sections worked 
on each band, plus a 10 til 


r U.S. s 
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Hew Products _ 


LOW COST GRAPHICS 
TERMINAL KIT 

Southwest Technical's GT-61 
* Graphics Terminal kit is a low cost 



graphics terminal contains its Own 
6144 bit static memory and thus may 
be driven by any computer system 
having a TTL compatible 8 bit parallel 


Products Corporation, 219 W. Rhap¬ 
sody. San Antonio TX 78216, (5121 

344 0241 

B&K PRECISION INTRODUCES 
NEW LOW COST 
3% DIGIT MULTIMETER 

The Model 283, a new 314 digit 
multimeter priced at S170, has been 
announced by B&K PRECISION, 
Dynascan Corporation. 

The Model 283 uses high intensity, 
high reliability LED displays, 0.41" 
high, that can be easily read in 

least six feet, according to the manu¬ 
facturers. It measures dc volts, ac 


























PRECISION 







Wayne Green W2NSD/1 



Captain Crunch gets ready to unwrap his balloon. It's in a long 
thin bag for protection. At the left is the gondola, which 
breaks down to two parts for hauling around ... the 
gasoline-powered fan for starting the balloon ... and a spare 
propane tank. In the background, the second balloon for the 
First Ham Radio Two Meter FM Two-Way Balloon Contact is 
being assembled. This is the balloon in which Wayne will go 
up, manned by John Mickel. 



Ed Doll W4KLM helps Will Thrasher W4SAC (Captain Crunch) 
with the balloon, white Bill Otting and Walt Farley K4QE pull 
the sleeve off the balloon. 


Balloon 

to 

Balloon! 


- - another 73 first 



Laura Thrasher (ex-KN3DHI) fastens wires from balloon to 

gondola while K4QE holds balloon. 


E arly on the morning of 
May 18th, two giant 
balloons rose from the out¬ 
skirts of Homestead, Florida, 
lifting two radio amateurs 
into the skies so that they 
could establish a new first... 
aerostat mobile amateur to 
aerostat mobile amateur two- 
way communication. 

It all started a few weeks 
earlier when a letter from Will 
Thrasher W4SAC (Captain 
Crunch) arrived at the 73 HQ 
in Peterborough suggesting 


the possibility of a new first 
for amateur radio . .. com¬ 
munications between bal¬ 
loons. Why not! I called 
Crunch and asked when I 
should be down for the event 
. . . cameras and courage in 
hand. 

On the evening of the 17th 
Sherry Smythe and I headed 
for Miami, armed with 
cameras, lenses, HTs, and a 
CB rig for the rented car. The 
CB rig helped us to keep 
track of traffic on the hour 





Balloon envelope is spread out and ready to be inflated. 


How the balloon looks from inside . . . W4SAC on the right, 
K4QE on the left. 


drive to Homestead . . . and 
to find the motel when we 
got there. 

We all assembled at 
Captain Crunch’s home the 
next morning a little after 
6:00 am. Present were Will’s 
wife Laura (KN3DHI), the 
first licensed lady balloonist 
in Florida . .. Walt Farley 
K4QE ... Ed Doll W4KLM 
(retired from AT&T) ... 
Captain Crunch (the second 
licensed balloonist in Florida) 
... John Mickel, a Florida 
smokey with a CB handle of 
Officer Friendly and a car 
license of FUZZ. John was 
taught ballooning by Will ... 
and he, in turn, taught Laura. 
John's chase car driver was 
Nancy Fortier, a Delta Air¬ 
lines stewardess, who is work¬ 
ing on her balloon license. 
Bill Otting, Will’s main¬ 
tenance man, also helped get 
the balloons ready. 


The balloons were packed 
in very large hassock-type 
bags. Once out of the bag and 
stretched out on the grass, 
they were amazingly big ... 
about 70 feet long. It took 
three people to pull the pro¬ 
tective sheath off the multi¬ 
colored nylon material. The 
gondolas were quickly 
assembled, despite the multi¬ 
tudes of gnats, which were 
almost thick enough to drive 
off the mosquitos ... but not 
quite. The two propane tanks 
were put into each gondola 
and strapped into place, with 
a pipe going to the burner 
located just below the open 
bottom of the envelope. 

A gasoline-powered fan 
was set up to blow air into 
the envelopes and they 
quickly billowed out ... with 
the help of my running 
around inside one pushing the 
material out to catch the air. 


Once the envelope was fairly 
full of air from the fan, the 
propane flames were turned 
on and shot into the en¬ 
velope. With this the balloon 
soon righted itself and had to 
be held down, while we 
waited for the second balloon 
to be blown up and heated. 

Soon we were ready to go. 
I stopped taking pictures of 
the preparations, gave one HT 
to Sherry for Will to use ... 
she was going up with him 
. .. gave one to W4KLM to 
coordinate the ground 
support (they had to follow 
us as we floated along so they 
could bring the balloon back 
after it landed). Sherry also 
had a camera. John had his 
balloon about ready to take 
off so I hopped aboard, 
camera in one hand, lenses in 
my pockets, HT in the other 


hand, and trying to hold onto 
the gondola with an elbow as 
John turned on the propane. 
The air in the balloon has to 
be about 100° hotter than 
outside to get enough lift. It’s 
a little scary with the flames 
shooting five or six feet up 
into the nylon balloon, 
roaring so you can't talk. 

We lifted off at 7:22 am, 
just as smooth as you could 
ask. John said not to worry 
about the trees we were 
dragging through ... so I 
didn’t ... it was just the top 
branches anyway. Soon we 
were several hundred feet up, 
with Crunch's balloon just a 
short way behind us. We’d go 
up and up .. . then start to 
settle back down again. As we 
came down John would give a 
blast of the propane and we'd 
slow down . . . then go back 
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Once the envelope is inflated, the air has to be heated. On the 
left is Nancy Fortier, who did the chase car routine for 
Wayne‘s balloon. 


up again .,. bobbing across 
the landscape. 

We soon had our two-way 
amateur radio contact in the 
bag ... 146.52 MHz FM . .. 


and two-way with the ground 
to boot. Once that was done, 
I switched to some of the 
nearby repeaters and made a 
few contacts via them as a 


bonus. 

On one of the descents we 
came down toward a field 
where a bunch of women 
were picking okra. We yelled 
hello to them and arranged to 
come down close enough so 
that they could throw up an 
okra to us. It was a fairly 
open field with a road leading 
into it, so Crunch decided to 
end his flight there. He 
touched down gently and 
that was that. John and I 
went on a few miles further, 
with Nancy following in the 
FUZZ car. We eventually 
spotted a nice clear field 
ahead and plopped quietly 
into the middle of an exercise 
ring for horses. 

Once down you have to 
collapse the envelope as 
quickly as you can so it won't 
be caught in a sudden breeze 


and drag you. We took our 
time . .. pve the balloon a 
little blast to make it lighter 
and walked it a couple 
hundred feet over to the road 
to deflate it there. You pull a 
ring and that opens up the 
whole top of the balloon, 
letting the hot air out. 

The only damage done was 
when a propane bottle was 
dropped on the instrument 
panel as the gondola was 
being packed for return 
home. The instruments are an 
altimeter, a rate of climb indi¬ 
cator, a temperature gauge, 
and a watch. The 
thermometer got it good 
from the propane tank and 
needed at least a new cover. 

Back at Crunch’s home we 
played a tape of the 
morning’s events and ate 
doughnuts. Laura has a fan- 



,4s the air heats up. the balloon rises . . , here is /ohn Mickel B ™ - - '• *' ' 

(Officer Friendly on CB) getting just the right amount of hot 

air into the balloon to keep it upright yet not have it take off Here’s the W4SAC home and the second balloon about to take 


off for the historic ham QSO. 









The two balloons rise and fall with the air currents and 
propane heating flames, making their way across southern 
Florida. Will Wayne be blown out to sea and never heard from 
again? No ... Wayne is busy making contacts via local 
repeaters with his HT . .. keeping in touch with the ground 
crew . .. and talking with the W4SAC/4 balloon. Maybe next 
time. 


Crunch lives up to his name by coming down solidly in an < 

to keep the hot air right, it is possible to come down \ 
gently. 

tastic organ setup and she question about that at 
played some music for us . .. They run from $5000 on 
in all, it was a most successful and can stay in the air tl 
day. to four hours on the 

Balloons are fun ... no propane tanks. The ball 


73 staffer Sherry Smythe helped take the pictures for the Here's Will with his trailer ... it carries the balloon and 
article, including the beautiful cover shot. Working at 73 is not gondola for return to home. Will is the chap to see if you are 
all on the level .. . sometimes it means odd things like interested in getting into the ballooning hobby ... or maybe 
ballooning. in renting a balloon for a hamfest. 
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W4SA C and 73's Marketing Manager Smythe wave as the first balloon-to-balloon ham contact is 
completed. 


has a diameter of about 50 
feet and goes up about 70 
feet. It has a ceiling of about 
20,000 feet ... but this is 
higher than you want to go 
without oxygen. They’ll lift 
about 400 pounds. 

While you don't have a lot 
of control over which direc¬ 
tion you are going to go ... 
you go with the wind .. . you 
can control your speed quite 
a bit by picking an elevation 
which has the winds you 
want. We were able to slow 
down and wait for Captain 
Crunch and Sherry to catch 
up with us by staying low and 
waiting for the higher winds 
to bring them up to us. 

I sure want to thank Will 
for setting up the event. He 
even brought in a second 
balloon from Atlanta for it. 
And I want to thank Laura, 
Walt, Ed, Nancy and Bill for 
helping out. Both Sherry and 
I had a wonderful time. 
Sherry had the same prob¬ 
lems I did ... she had binocu¬ 
lars around her neck, an HT 
in one hand, a camera in the 
other .. . and then she was 
told to hold on to the gon¬ 
dola! 

What with trying to keep 
in touch with Captain Crunch 
in the other balloon, Ed on 
the ground, hold onto the 
gondola, and take pictures 
with various long lenses, I had 
my hands and knees full ... 
and pockets. When you're 
about 500 feet up in the air 
you have a sort of automatic 
need to hold onto something. 
Tight. ■ 



TELEVISION 

PICTURE 

TUBES 

NOW. ASE manufactures over 2.000 



Allied Sales & Engineering, Inc. 


Dept. 37, Pimento IN 47866 
Telephone 812-495-6555 



24 





The Surprising DDRR 

Low Noise Antenna 

--part II 


T he intent of this two 
part article is to describe 
certain modern transmitting 
antennas of small electrical 
size useful to the radio ama¬ 
teur who has limited outdoor 
space available in which to 
erect radiators of conven¬ 
tional design. All the 
antennas discussed, such as 
the DDRR, LPT, and mag¬ 
netic transmitting doublet, 
are forms of radiating rf 
transmission lines. Each is 
capable of rapid frequency 
tuning using very low loss 


variable condensers. Most are 
narrowly banded in fre¬ 
quency response due to small 
electrical size and low radia¬ 
tion resistance; this seeming 
limitation, however, turns out 
to afford a substantial im¬ 
provement in signal-to-noise 
ratio during the receiving 
phase of the two way com¬ 
munications process. 

By the end of Part I the 
reader had been provided 
with the relations needed to 
design a DDRR antenna for 
optimum tuning across any 


amateur band (or a bit more), 
and to match it directly to 
standard fifty Ohm coaxial 
feed transmission line to 
obtain low vswr across an 
entire ham band. Here the 
DDRR design will be com¬ 
pleted and, in the process, 
any need for use of space¬ 
consuming radial wire ground 
plane systems will be re¬ 
moved. 

Radiation Resistance of Small 
Antennas 

Radiation resistance R r 


can be defined in terms of the 
amount of energy an antenna 
loses per rf cycle to a distant 
space region occupied by all 
the other antennas in the 
universe (as compared to that 
supplied to its input 
terminals). The radiation 
energy loss must be related to 
a “distant space” region 
because in its "near space" an 
antenna also stores input 
power within a field sur¬ 
rounding its conductors. Such 
stored field power exists in 
the form of a standing wave, 







the energy merely flowing 
back and forth between the 
antenna and near space 
during each rf cycle; this 
space standing wave antenna 
field is very much like that 
found very close to open 
wire, rf transmission lines. 

As the size of an antenna 
shrinks in comparison to the 
wavelength X at which it is 
operated, less and less of its 
supplied power is lost as 
radiation per rf cycle into the 
far space, and more and more 
is stored in its near zone 
standing wave field. By the 
definition given here, then, 
the radiation resistance R r of 
electrically short antennas is 
small in value. Although the 
exact EM field process which 
creates antenna radiation is a 
complex subject, it is possible 
to give the radiation resis¬ 
tance of monopole antennas 
whose length h° is equal to or 
less than thirty-six electrical 
degrees quite simply. We will 
start off by giving two engi¬ 
neering-type axioms: 

7.0. When an electrically 
short monopole antenna 
operating either over ground 
or its electrical image is 
brought to electrical 
resonance solely by placing a 
reactance jXj in series 
between its base and ground 
to cancel out the antenna’s 
self-reactance, such an 
antenna possesses a current 
distribution yielding mini¬ 
mum radiation resistance in 
relation to its conductor 
length h in degrees. 

2.0. When an electrically 
short monopole antenna 
operating either over ground 
or its electrical image is 
brought to electrical reson¬ 
ance solely by placing a reac¬ 
tance jX2 in parallel with its 
top end and ground to cancel 
out the antenna’s self-reac¬ 
tance, such an antenna 
possesses a current distribu¬ 
tion yielding maximum radia¬ 
tion resistance in relation to 
its conductor length h in 
degrees. 

The term "engineering" is 
used here in giving the two 



Fig. 1. Limiting cases of current distribution along electrically 
short, cylindrical monopole antennas resonated solely with (a) 
base reactance and (b) top reactance. Height h° is equal to or 
less than thirty-six electrical degrees. 


axioms because they are 
limited by the following 
premise: The loading reac¬ 
tances jX-j or jX2 are not 
themselves sources of wave 
radiation which is in phase 
opposition to the radiation 
produced by the short 
antenna. With such a restric¬ 
tion understood, the current 
distributions for these two 
types of reactance loading 
limits of the small antenna 
are given in Fig. 1 (a, b). Each 
antenna’s current distribution 
is assumed to be in the form 
of a sine wave. However, the 
shape of the current distribu¬ 
tion in each antenna is 
straight-sided because a plot 
of the function sine h° over a 
distance less than thirty-six 
degrees produces a graph 
which “looks” like a straight 
line. 

In Fig. 1 (a) for the short 
monopole solely base-loaded, 
the antenna current goes to 
zero magnitude at its conduc¬ 
tor top end because at this 
point it is “open circuited" 
into free space. At the base of 
this monopole the relative 
resonant current amplitude 
there is assumed to be equal 
to 1.0 Amperes. Inside the 
straight-sided current distri¬ 
bution shapes of both 
antennas, the shaded region is 
labeled CA. This means cur¬ 
rent area or,more specifically: 
relative current distribution 
area. With the antenna height 
h° given in degree units and 
the current relative amplitude 
given in Amperes, these rela¬ 
tive areas CA have the dimen¬ 


sions of degree-Amperes. For 
the solely base-loaded mono¬ 
pole of Fig. 1(a) (case 1.0), 
the triangularly shaped cur¬ 
rent distribution area CA is 
found from plane geometry 



For the solely top-loaded 
monopole of Fig. 1 (b) (case 
2.0), the trapezoid-shaped 
current distribution area CA 
is 



In this case the current 
amplitude at the antenna con¬ 
ductor top is no longer zero 
Amperes; with resonance pro¬ 
duced solely by the top reac¬ 
tance jX2, the current l t op 
now equals (cosine h“) 
Amperes in relative value. 
The current Ibase is still 
assumed to be equal to 1.0 
relative Amperes. In terms of 
such relative 1 current distri¬ 
bution area CA, the radiation 
resistance R r of short mono¬ 
pole antennas of height h 
equal to or less than thirty-six 
electrical degrees is just 



Electrically short doublets 
in free space, of total length 
2h°, have a radiation resis¬ 
tance R r twice as large as that 
given by (2-3.0) when each 
“monopole" half of such 
doublet is loaded as stated 
here. Equation (2-3.0) is 
important in the design of 


electrically small antennas 
because it emphasizes that 
radiation resistance R r is not 
a constant for a given mono- 
pole height h°, but may be 
increased by control of the 
current distribution along the 
short antenna. 

Radiation Resistance of the 
DDRR Antenna 

The reader may recall 
from Part I that the electrical 
height h° of the six foot 
vertical post conductor in the 
75 meter band DDRR 
antenna was 8.78 degrees at 
4.0 MHz. Viewed as a mono- 
pole antenna, Schelkunoff's 
equation (1-2.0) gave the 
average characteristic impe¬ 
dance of the four inch 
d iameter conductor trans¬ 
mission line as K m = 197.57 
Ohms. It is noted that Km 
does not enter into the ex¬ 
pression for radiation resis¬ 
tance. If we wished, however, 
to use just such a post itself 
as a simple cylindrical mono- 
pole over ground, K m would 
come in handy in determining 
the value of the reactance jX] 
needed to solely bring it to 
resonance at 4.0 MHz by base 
loading: 


For the vertical post, used 
as a simple monopole 
antenna, (2-1.0) gives us the 
CA for this case as 



The radiation resistance 
for this case would then be 


Now, if the missing ele¬ 
ments of the DDRR antenna 
system consisting of the hori¬ 
zontal ring transmission line 
section of S° and the tuning 
condenser C were restored 
and adjusted to resonate the 
DDRR at 4.0 MHz, we would 
have case 2.0. As cosine 8.78 
degrees equals 0.988, this 
becomes the relative magni¬ 
tude of ltop in Amperes, 
giving for CA: 





Fig. 2. (a) Construction suggestions for a ham band, "doublet" 
DDRR antenna, (b) Permanent unbalanced-to-balanced feed. 

(c) "Jury rigged" coax feed to find fifty Ohm input point X. 

(d) Suggested heavy plastic weather housing for tuning 
condenser, motor drive, and sine potentiometer; control wires 
to shack are brought out of box at right angles to DDRR 
conductors. 



Needless three decimal 
place accuracy was used here 
because the current ratio 
I top/I base of the DDRR at 
4.0 MHz closely approaches 
unity, giving almost a four- 
to-one increase in radiation 
resistance over the same 
monopole antenna solely 
base-loaded to resonance. A 
four-to-one increase in radia¬ 
tion resistance R r represents 
the theoretical upper limit 
attainable for a short mono¬ 
pole antenna as compared to 
its R r when solely base- 
loaded. Does that mean that 
the DDRR antenna actually 
reaches the theoretical limit 
of loading for short antennas? 
Not quite! This is where the 
limitation placed on the 
axioms comes in; because the 
DDRR tuning condenser C 
has displacement current l ca p 
flowing through it in propor¬ 
tion to its capacity setting, it 
represents a concentrated ra¬ 
diation source itself. As the 
current flow l cap is in the 
opposite direction to the con¬ 
duction current lb a se in the 
vertical post monopole, the 
total effect is to “drive 
down” the effective radiation 
resistance R e of the DDRR as 
a system. This effect is repre¬ 
sented by the equation 


R e of the DDRR represented 
by (2-4.0) is negligible at 4.0 
MHz due to the high reac¬ 
tance -jX c of the tuning con¬ 
denser set to minimum 
capacity. Although not 
serious, it becomes worthy of 
notice at 3.5 MHz. Hence the 
warning in Part I related to 
attempting to make one ring 
element cover two hf bands. 

Frequency Bandwidth of 
Antennas 

A practical way to 
describe the concept of 
antenna frequency bandwidth 
is as follows: Assume that at 
the resonant frequency f 0 of 
the DDRR the correct feed 
point X (discussed in Part I) 
and ground produces an input 
impedance Zjn = 50 + jO 
Ohms; a fifty Ohm coaxial 
line connected to the DDRR 
there would display a vswr of 
1.0:1 at f 0 . Now, without 
retuning the DDRR capacitor 
C, assume that the trans¬ 
mitter frequency only is 
increased to some higher fre¬ 
quency fhigh where Zj n = 50 
+j50 Ohms; then assume that 
the transmitter frequency 
only is reduced below f Q to 
some frequency f| ow where 
Zj n = 50-j50 Ohms. At fre¬ 
quencies fhigh and f| ow the 
feed coax vswr would in¬ 
crease to 2.6:1. The total 
frequency span fhigh - flow is 
the half power width of the 
antenna. In the DDRR 
antenna case it is the fixed- 


tune half power frequency 
bandwidth. In the case of 
non-tunable antennas such as 
a half wave doublet, quarter 
wave vertical, yagi, etc., it is 
the antenna half power 
frequency bandwidth, period! 
Another way to describe this 
term is that at fhigh and f| ow 
the reactive part of antenna 
input impedance jXj n 
becomes equal to the resistive 
part Rj n . 

In Part I we mentioned 
that a transmission line 
antenna could be regarded as 
a highly mismatched, open 
wire transmission line "stub” 
section and that, due to such 
mismatch, the line stub 
possessed high amplitude 
standing waves along its 
length (on the antenna itself; 
not in the feedline to it). All 
hf antennas are forms of rela¬ 
tively mismatched rf trans¬ 
mission line stubs. The term 
"mismatched” is used in rela¬ 
tion to a mismatch between 
the antenna wave impedance 
and the distant space wave 
impedance Z 0 equals 377 
Ohms. The lower the antenna 
radiation resistance value R r 
is, (for a fixed value of ohmic 
environmental loss Rn), the 
higher the vswr on the 
antenna itself. The vswr on 
small antennas does not go to 
infinity to one, however, 
because a small amount of 
input power energy is (a) lost 
in the small but finite R r and 


(b) lost into Rfj in heating 
the antenna’s near zone EM 
environment. 

This vswr on the antenna 
itself can be related to the 
antenna half power frequency 
width or antenna Q. To get 
the right answers using con¬ 
ventional methods is very 
difficult and requires use of 
higher mathematics. Fortun¬ 
ately, Schetkunoff comes to 
the rescue in making things 
easy for us with his very 
useful expression for the 
characteristic impedance of 
an antenna as an rf trans¬ 
mission line. When you know 
K m — and can calculate R r 
from the simple equations 
(2-1.0), (2-2.0), and (2-3.0)- 
difficulties evaporate. All you 
need then are the following 
relations: 1 


As an example, let us take 
the calculations we just made 
for the case of the vertical 
post monopole element of 
the 75 meter band DDRR. 
Our Km (regardless of load¬ 
ing) was 197.57 Ohms. When 
solely base-loaded, the DDRR 
monopole post alone gave us 
an R r equal to 0.234 Ohms at 
4.0 MHz. For this case, 


The detrimental effect 










The same height post 
monopole of K m = 197.57 
Ohms, when solely top- 
loaded as an element of the 
DDRR antenna, produced an 
initial value of R r equal to 
0.93 Ohms. As C is set to 
minimum capacity at 4.0 
MHz, its reactance is high and 
can be calcuated. Therefore, 
let us set Re(DDRR) equal to 
0.850 Ohms at 4.0 MHz. 
Then again, 



Again here, we have 
employed needless decimal 
point accuracy to illustrate 
the method, using relations 
which are approximations. 
Nevertheless, the answers 
secured are useful. It is seen 
that using the monopole 
base-resonated with a lossless 
loading coil, the half power 
frequency bandwidth 
obtained is just barely wide 
enough to pass a 3 kHz SSB 
signal or CW-type trans¬ 
mission. Conversely, the same 
monopole - as part of the 
DDRR - would easily pass 
"high fidelity” double side¬ 
band AM; however, we based 
our calculations on R r alone. 
As Rji adds to R r in terms of 
the “dampening" of the vswr 
on the antenna system, both 
antennas would actually 
display a wider bandwidth 
found by substituting Rt 
equals R r + Rn in (2-5.0). We 
don't know what Rft is in 
value as yet, but we certainly 
wish in some way to keep it 
to a minimum. Securing 
antenna bandwidth increase 
due to the "swamping" in¬ 
fluence of Ro is a poor way 
to go, as it will drop antenna 
efficiency N as 


We will include the en¬ 
vironmental ohmic loss resis¬ 
tance RJ2 in our discussion a 
bit later. Here is a critical 


point, however: In two-way 
hf communications, employ¬ 
ing a single antenna, we wish 
to secure a total half power 
antenna bandwidth just wide 
enough to pass the data infor¬ 
mation rate to be communi¬ 
cated (CW speed, FM, SSB 
spectral content) while avoid- 
ing excess or redundant 
antenna bandwidth. During 
the transmission phase of our 
communications, an increase 
in antenna bandwidth of fifty 
octaves or more greater than 
we need doesn’t count one 
way or the other. In the 
reception mode of our two- 
way communications, how¬ 
ever, excess antenna band¬ 
width permits more random 
noise to pass and load the 
front end of the receiver to 
effectively decrease signal-to- 
noise ratio. Too wide an 
antenna bandwidth also in¬ 
creases the QRM we ex¬ 
perience on the desired signal 
we are trying to copy in the 
presence of strong, just-off 
channel carriers. Modern 
communications receivers 
rely heavily on i-f selectivity. 
Here, we wish to assist the 
front end stages of the re¬ 
ceiver by placing a narrow, 
tunable, “bandpass filter” 
between them and the rf 
universe — in the form of the 
antenna. 

I said "tunable!" That is a 
key factor here. When we use 
antennas which exhibit a 
narrow but just “wide 
enough” bandwidth, we must 
be able to move this filter 
"slot” quickly in frequency 
to carry on practical hf com¬ 
munications. If we secured 
such a narrow frequency 
width "slot” from an electri¬ 
cally small antenna resonated 
solely by the lowest possible 
loss, extremely high Q load¬ 
ing coil placed very high up in 
the monopole (to increase 
CA), the instant we tried to 
vary the coil inductance (by 
coil taps, turn sliders, etc.) 
and change the frequency of 
resonance, effects from eddy 
currents and consequent 
departure from optimum coil 


shape factor would imme¬ 
diately run up coil loss - and 
the antenna radiation effi¬ 
ciency would plunge down¬ 
ward. An air or vacuum con¬ 
denser is of exceedingly high 
Q at a given capacity setting; 
varying capacity over wide 
limits to change antenna fre¬ 
quency hardly affects con¬ 
denser Q at all. 

An Image for the DDRR (and 
Other Transmission Line 
Antennas) 

Those among the ham 
brotherhood who hold calls 
with only two letters after 
the area prefix may still 
remember a device now rele¬ 
gated to moth balls together 
with the spark gap, galena 
detector, and super-sensitive 
regenerative receiver: the 
counterpoise (especially the 
tuned counterpoise). The 
counterpoise was placed 
under your linear monopole, 
"T”, or "L" antenna when 
there was less than A/2 hori¬ 
zontal space area diameter 
available in which to lay out a 
radial wire ground system on 
the soil. You found it very 
curious: If you did go ahead 
and lay out n number of 
electrically short radial wires 
on the soil and operated the 
antenna, you got some value 
of radiation efficiency Nl 
from the total antenna/ 
ground system. But if you (a) 
lifted the same n number of 
short radial wires a bit above 
the soil, (b) insulated the 
whole system of n wires from 
soil ground, and (c) then 
tuned each short radial wire 
in the system to resonance at 
fo using individual series load¬ 
ing coils - if you did that, 
you obtained a substantial 
improvement* in total 
antenna system efficiency. 

The old-time professional 
antenna men who first 
observed this phenomenon 
said to themselves, "Wow, 
this is really weird! For some 
reason my insulated, tuned 
wire ground system collects 
more electric E lines of the 
antenna near zone field and 


returns this energy back to 
the antenna input terminals 
with less total ohmic loss Rq 
than the same number of 
short wires just laid on the 
soil surface!” Unfortunately, 
space does not permit our 
having a QSO at this point 
about the beautiful phenome¬ 
non of rf soil and space cur¬ 
rent (displacement) diffrac¬ 
tion which relates to this very 
effective but now almost for¬ 
gotten low frequency antenna 
technique. It can only be 
noted that such electrically 
small, insulated and tuned 
counterpoise systems even 
permitted erection of mono¬ 
pole antennas on the roofs of 
tall municipal buildings in the 
early days of BC radio where 
the small roof space there 
didn’t offer a prayer's hope 
for use of a conventional wire 
"ground” system. The tuned 
radial wire counterpoise 
worked well. A de-tuned 
radial wire system, however, 
was inefficient by compar¬ 
ison. Therefore, the tuned 
radial wire counterpoise was 
just fine for use in one way: 
fixed frequency broadcast 
type transmission. For use in 
two-way hf communications 
where frequent and rapid fre¬ 
quency changes are necessary, 
it is an impractical nightmare! 
You have to retune each of 
those series loading coils - n 
of them! An automated 
system to do this would not 
only be a Rube Goldberg 
mechanical mess, but run into 
the same efficiency problem 
in varying coil inductance 
mentioned a ways back. Now, 
we said radial wire ground 
system! 

In Fig. 3(a) of Part I, you 
will notice that the image 
currents flowing in a con¬ 
tinuous surface, electrical 
“mirror" ground plane 
beneath a DDRR antenna are 
not radial in geometry. 
Instead, the image currents of 
the DDRR flow around in 
circles, going in the opposite 
direction to the currents 
flowing in the ring conductor 
just above them. Very careful 




laboratory measurements 
carried out on a 5X by 5X 
sheet copper ground plane 
beneath a DDRR show that 
these image currents do not 
begin to turn outward 
radially until you get at least 
X/8 distance away from the 
ring conductor. At such a 
distance, these image currents 
are very weak in magnitude; 
they do not decay by the 1 /r 
rule at all. It was found that 
DDRR antennas of the purely 
monopole form did not 
operate efficiently when 
placed over a true radial wire 
ground plane — only over 
sheet metal mirrors. Of 
course, in the case of the 
U.S.S. Wheeling DDRR, we 
had a pretty good approxima¬ 
tion to such a sheet metal 
mirror in the form of the 
hangar roof, welded ship’s 
structure nearby, and that 
immense surrounding sea 
plane, so we used it effec¬ 
tively. But what if the Navy 
had asked us to errect that 
2-30 MHz DDRR on Old 
Ironsides (all wood in spite of 
her heroic name)? Well, we 
would have just said, ‘‘Aye, 
aye, Sir. You can have it on 
the teakwood deck or at the 
peak of the foremast." 

This is the way we would 
have handled the job on the 
double: 

Under each of those over¬ 
head, separate frequency 
band DDRR ring elements we 
would have placed a “mirror" 
image ring conductor - an 
exact duplicate ring, using the 
same tubing conductor 
diameter d, same circumfer¬ 
ential length S°, and so forth. 
Instead of each of those 
tuning condensers C being 
connected to the metal roof 
of the helicopter hangar at 
terminals 4G, each would 
have been returned to a dupli¬ 
cate terminal 4A’ on the 
image ring conductor below. 
In such a conversion to a 
mirror image DDRR, we 
would not have increased the 
vertical height h at all. 
Instead of the view of each of 
those fiberglass posts which 


we see in Fig. 1, Part I, 
supporting the DDRR ring 
elements in parallel alignment 
above the hanger roof, we 
would now see another bee¬ 
hive insulator at each's base 
end, used to hold the two 
ring conductors in parallel 
alignment. Unlike that system 
of radial wire, tuned images 
in the old counterpoise 
system, however, there would 
be no need for a bull gang of 
sailors to rush out on deck 
each time a QSY was needed 
to start madly grid dipping all 
those series loading coils to 
the new operating frequency. 
Instead the operator, in the 
comfort of the shack, would 
merely push the DDRR 
tuning control button. 
Because the two ring ele¬ 
ments are mirror images of 
each other, tuning condenser 
C would now move the entire 
DDRR system to the new 
operating frequency fo as 
before. Of course, the con¬ 
verted Navy DDRR now 
sitting on the mizzen fore¬ 
peak of Old Ironsides would 
no longer be a monopole: It 
would be a DDRR doublet 
antenna: still vertically polar¬ 
ized, still a low angle, omni¬ 
pattern antenna. Its radiation 
resistance Rr(doublet) would 
remain unchanged. This is 
because, although you would 
use now !4h (instead of h) to 
get CA from equation (2-2.0), 


you would multiply the 
answer you get from the 
monopole radiation resistance 
equation (2-3.0) by two for 
the doublet case. Finally, 
although this is not a "con¬ 
struction" article, Fig. 2 is 
included to guide the amateur 
experimenter who desires to 
complete a compact size 
DDRR and put it on the air. 

From Fig. 2 you see that 
the minimum size ham band 
DDRR is a single post model. 
Also, because it is costly and 
difficult to form large 
diameter tubing into circular 
shape, the ham band model 
has a square shape: square, 
not rectangular. The total 
path length G+H + l + J + K 
should be equal to the length 
S° you obtain from the rela¬ 
tions in Part 1, with H = I =) 
= G + P + K. In an hf band 
DDRR, the gap P between 
the tuning condenser end and 
the monopole post should be 
about 1.5 degrees at the high 
frequency end of frequency 
coverage. All ring conductor 
joints must be welded. This 
means heliarc welding, when 
high conductivity aluminum 
tubing is used. Please don’t 
use automobile exhaust 
tubing or cad-plated conduc¬ 
tors. Contact resistance and 
conductor loss spells disaster 
in electrically small antennas, 
due to the high magnitude 
currents in such radiators. Oh 


yes — use an absolute min¬ 
imum diameter of 3 inches 
for the conductor diameter in 
antenna elements operating 
lower than 7.3 MHz. The 
smaller K m (equation 1-2.0) 
gets, the higher both effi¬ 
ciency and bandwidth (fixed 
tune) becomes. As the image 
doublet DDRR requires no 
other ground plane, most 
users will probably mount it 
on a roof of some kind 
(garage, house, pole). When 
the height above ground is at 
least equal to h, use the for¬ 
mula 

** — 

instead of equation (1-1.0) 
for the characteristic impe¬ 
dance of the horizontal trans¬ 
mission line section (in 
getting the needed capacity 
values for tuning). The 
change in K c of the image 
DDRR does not impair per¬ 
formance of the antenna 
when in operation. 

Finally, it is seen that if 
we are dealing with a 
"doublet” DDRR, the “base" 
terminals 1A,1G of the 
“monopole” are now located 
at the center of the vertical 
post. The doublet requires a 
balanced rather than un¬ 
balanced feed, yet we still 
want to feed it with a coax 
line to the shack. OK — as 
seen, the coax line from the 
shack now enters the vertical 


Fig. 3. (a) Low Profile Tunable (LPT) antenna operated in parasitically<oupled\ wide passband, 
single channel mode using n elements, (b) Typical vswr versus frequency curve; solid line 
indicates half power frequency bandwidth of total array; broken lines indicate individual vswr 
response of each coupled element. 





post via a hole through the 
conductor wall at 'Ah, then is 
pushed around inside the top 
horizontal element conduc¬ 
tor, passes down through a 
hole in its bottom side, and 
continues on down the inside 
of a .5 inch o.d. thin wall 
tubing section to the 'A h 
point. 

At this point, the shield of 
the coax is folded back over 
the outside of the feed tube 
and clamped in contact with 
the metal. The coax inner 
conductor spans about a one 
inch gap to connect to the 
upper end of another 1.5 inch 
feed tube extending down to 
the lower "ring" conductor. 
You need first to determine 
the location of X for this 
balanced feed arrangement. 

In Fig. 2(c), a suggestion is 
given for a temporary 
arrangement of coax to locate 
X and spacing L from the 
vertical post. The black vinyl 
coax jacket is stripped back 
to expose the shield braid 
over a sufficient length sec¬ 
tion of coax end. An addi¬ 
tional “dummy” length is cut 
off and the inner conductor 
and shield shorted together to 
make a bottom feed section 
conductor. The aluminum 
tubing is polished with sand¬ 
paper to permit good elec¬ 
trical contact, and the coax 
line section temporarily “jury 
rigged," as shown, at a trial 
spacing L Loops of wire 
“twists" are used to hold the 
coax shield in contact with 
the aluminum ring conductor 
and post. With the rig tuned 
to the center of the band, 
vary dimension L carefully 
until a vswr of close to 1.0:1 
can be secured in the feed 
coax when tuning condenser 
C is ‘Tweaked" to bring the 
DDRR to resonance at the 
transmitter frequency. With 
the temporary feed tightened 
down at this X location, now 
tune the rig up to the desired 
top frequency of tuning for 
that band element. If, with¬ 
out relocating the feedpoint 
X, a vswr of at least 2:1 
cannot be attained at the 
fhigh with tuning condenser 
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C close to its minimum 
capacity, a bit of “pruning" is 
needed. Small, equal length 
conductor sections must then 
be removed from the con¬ 
ductor ends 4A, 4A’ until a 
clear minimum vswr dip is 
observed at the high fre¬ 
quency end of coverage with 
C close to minimum capacity. 
The exact minimum vswr is 
not important, but the “dip” 
in vswr should be clearly 
seen. The location procedure 
for X at the center of the 
band must then be repeated 
until a 1.0:1 vswr is secured 
with the DDRR resonated by 
tuning C. It will then be 
found that the vswr will be 
less than 2:1 at both the high 
and low band limits for a 
fixed feedpoint X. The “jury 
rigged" coax feed is then 
removed and the permanent 
feed conductor system sub¬ 
stituted. When cutting the 
hole to pass the coaxial line 
on the underside of the top 
horizontal tubing conductor, 
the hole should be elongated 
about one inch on either side 
of the X location to permit 
"inching” the permanent feed 
in final tests for vswr. An 
old-fashioned tube “socket" 
die cutter is handy for this 
purpose. Warning: Do not 
attempt to make the above 
described matching rests until 
(a) the DDRR is mounted at 
its permanent site and (b) the 
tuning condenser C is 
mounted inside its plastic 
weather housing and con¬ 
nected across the points 
4A,4A’, as shown, using bee¬ 
hive or cone feedthrough 
insulators. 

An idea is suggested for 
cementing up a plastic 
weatherproof housing for 
both the high voltage tuning 
condenser, motor drive, and 
simple tuning frequency 
indicator. See Fig. 2(d). Note 
that although the plastic box 
is in the intense electric field 
at the tuning position, the 
actual leads (copper shim 
stock ribbons about 1.5 
inches wide) to the tuning 
condenser rotor and stator 
terminals are insulated solely 


by the glazed ceramic insu¬ 
lators on the box. The leads 
should not be permitted to 
touch the plastic walls any¬ 
where. Small ceramic button 
insulators space the con¬ 
denser off the internal plastic 
mounting shelf inside the 
box. The shaft of the tuning 
condenser is also isolated 
from the motor and tuning 
indicator by means of a high 
quality rf shaft coupling insu¬ 
lator. 

The condenser should be 
remotely controlled from the 
shack by a reversible, voltage 
speed controlled motor. Its 
shaft speed should be such as 
to permit “high speed" 
tuning across the entire band 
in about one half minute, yet 
slow enough to “tweak” the 
DDRR right onto channel 
center at f D . An efficient 
DDRR is quite sharp in 
tuning. Once X is set cor¬ 
rectly, you will find yourself 
tuning by means of the sharp 
receiving “noise peak." 
Hunting around the band, 
you will “tweak" this re¬ 
ceiving gain point of the 
DDRR along the dial with the 
tuning control, as if the 
antenna were a dog on a long 
leash. A simple frequency 
setting indicator is suggested 
in the form of a sine poten¬ 
tiometer geared 1:1 to the 
motor shaft. At the shack end 
a dc meter calibrated in fre¬ 
quency for the current in the 
sine pot is a help in operating 
the DDRR. Otherwise, spin 
the receiver dial until you 
spot the noise peak - that’s 
where the DDRR is. Small rf 
chokes should be placed in 
series with both the motor 
and sine pot leads at both the 
remote antenna weather box 
and shack end terminals. In 
multiband DDRR models, 
elements for the other bands 
are mounted concentrically 
to one another and operated 
as separate systems, each 
being designed according to 
the relations given in Part I. 
When in the process of 
finding the feedpoint X for 
these other band elements, 
make sure all other band rings 


are tuned off from harmonic 
relationship with the tested 
ring element. Oh yes, a final 
word: In a multiband model 
DDRR, the field coupling 
isolation between ring ele¬ 
ments is very large in value so 
that even simultaneous 
working can be carried on in 
two bands. If, however, you 
suddenly find it strangely 
impossible to get low vswr 
tuning at some spot fre¬ 
quency in a given band, this 
means the ring element in the 
next lower band is tuned 
inadvertently to a “sub¬ 
harmonic" relationship. No 
problem: A touch of the 
tuning button to the 
offending band element easily 
cures this. 

We have devoted consider¬ 
able space here to the DDRR 
antenna. Fortunately, this 
detail is not for naught; 
understanding the DDRR not 
only permits us to grasp 
quickly the function of other 
transmission line antennas, 
but gives us a deeper appre¬ 
ciation for the small antenna 
problem in general: both the 
good and the bad of it. 

The Low Profile, Tunable 
(LPT) Antenna 

The narrow frequency 
bandpass nature of electri¬ 
cally small antennas of high 
efficiency has been noted. 
There are certain modes of 
transmission, even in amateur 
service (double sideband AM, 
FSK teletype), and in com¬ 
mercial and military practice 
(Loran, hf radar, “data 
burst"), where a wider fixed 
frequency bandwidth is 
desired. If it is also necessary, 
for various installation or 
tactical reasons, that an elec¬ 
trically small antenna be 
employed, a serious problem 
results. Conventional antenna 
practice would indicate sacri¬ 
ficing antenna radiation 
efficiency by letting Ro in 
the system increase to obtain 
the necessary bandwidth. 
Such practice even goes to an 
extreme called “swamping,” 
where actual ohmic resistors 
are connected across the 





Fig. 4. 


small antenna input ter¬ 
minals. 

One version of the LPT 
transmission line antenna 4 
answers this need for securing 
a controllable width fre¬ 
quency bandpass from an 
electrically small but efficient 
antenna. Shown in Fig. 3(a), 
the LPT antenna of this form 
consists of n number of 
radially aligned antenna trans¬ 
mission line elements of small 
size. Each is tuned at one end 
by a shunt variable tuning 
condenser. The “post” at the 
perimeter end of the short 
length circumferential con¬ 
ductor section is "grounded” 
to serve as a monopole 
antenna. Naturally, a “mirror 
image” doublet scheme can 
be used here, as in the 
DDRR, to improve effi¬ 
ciency. Our familiarity with 
the DDRR antenna principle 
would allow us to easily 
design these LPT elements as 
well. 

However, it is noticed that 
only one of the vertical posts 
in the array of n antenna 
elements is actually fed rf 
power, as indicated by the 
“generator” symbol. In Fig. 
3(b), the explanation for this 
strange configuration is made 
clear. In a manner analogous 
to the operation of a “stagger 
tuned" i-f transformer in a 
wide band receiver, all the 
other tuned elements in the 
LPT array are electromagneti- 
cally coupled to the driven 
element as parasites. Each of 
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the n parasitic elements is 
tuned to a slightly different 
frequency above and below 
the center f 0 of the radio 
channel. The staggered, over¬ 
lapping frequency responses 
of the n element array results 
in a single overall frequency 
passband. The vswr “ripple" 
across the frequency pass- 
band is governed by the 
number of parasitic elements 
employed in the same way 
that the ripple in impedance 
response of a bandpass filter 
is governed by the number of 
network sections used. The 
analogy is almost exact, 
except that we deal here with 
radiators of EM waves. Not 
shown are small details such 
as provision for auxiliary 
reactors to control the 
coupling coefficient between 
elements to secure “over- 
coupling” if desired. 

In amateur service where 
bandwidth increase need is 
modest, only a few elements 
would be required, making 
such an antenna practical, 
say, for 160 meter applica¬ 
tion. On the other hand, for 
such a small antenna to pass 
the forty microsecond width 
shaped pulse from a Loran 
transmitter without distor¬ 
tion, more parasitic elements 
in the LPT array would be 
required. There are other 
forms of the LPT for use in 
services requiring a large 
number of n transmission 
channels over, say, the 15:1 
span of the hf spectrum from 



2 to 30 MHz. Others can 
establish the so-called Bessel 
function circular array to pro¬ 
duce directional beams which 
can be “slewed” rapidly in 
direction at hf similar to early 
German WWII radar systems. 
These do not find application 
in amateur service, however, 
and will not be detailed here. 

The Loop or Magnetic Trans¬ 
mission Line Antenna 

Take two equal length 
sections of aluminum tubing 
of conductor radius a. Call 
their respective equal lengths 
2h, where 2h° is only twenty 
electrical degrees at f 0 ; cal¬ 
culate the K m of of a section 
h° in length. Label one 
straight section "number 1," 
and then cut it exactly in 
half. In a very small gap left 
at the center of length 2h, 
connect a lossless loading coil 
whose inductance is 


Bend the other conductor, 
labeled "number 2," into a 
circle whose circumference is 
2h°, leaving a small gap 
between the ends of the con¬ 
ductor. In this gap connect a 
lossless series condenser 
whose reactance is 


where the reactance X| 0 op is 
that of the one turn loop 
inductor. The two electrically 
small, reactance loaded 
antennas will then look like 
Fig. 4. 

Excite both the number 1 
and number 2 antennas with 
rf at f Q . Now take measure¬ 
ments of the electric E and 
magnetic H parts of the fields 
produced by each of these 
two antennas, starting out 
very close to their conductors 
and then moving away in 
steps until a very large 
distance r/X is reached. Your 
results will look like Fig. 5. 

Very close to the straight, 
coil-loaded number 1 
antenna, it can be seen that 
the electric E field is ex¬ 
tremely large in intensity, 
while the magnetic H field 


Fig. 5. 
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part is minute in strength; in 
this near zone region the field 
ratio E/H is immense in value. 
At increasing distance from 
the number 1 antenna, how¬ 
ever, this E/H field ratio 
decreases until at large r[K 
distances it approaches a 
value of 377:1. Over on the 
right, we see that the result 
for the case of the loop 
antenna, however, is just 
opposite; now it is the mag¬ 
netic H field which is tremen¬ 
dously strong near the con¬ 
ductor and the electric E part 
of the field which is very 
weak in intensity. The E/H 
ratio, in this case, is close to 
zero in the near zone. Yet as 
the distance r/X from the 
number 2 loop antenna in¬ 
creases, we see that the E/H 
ratio value still ends up at the 
same magnitude of 377:1. 
Because of the radically 
different but “dual” nature 
of the near zone fields of 
these two basic types of 
antennas, the number 1 
antenna is called an electric 
antenna; number 2 is called a 
magnetic antenna. So far this 
sounds like boring textbook 
stuff; who cares about this 
fancy near zone field 
phenomenon? We’re hams - 
practical radio communica¬ 
tors. It’s that far zone DX 
field we are really interested 
in, right? No, wrong! — as 
you will see in a minute! 

Saw number 1 doublet 
antenna in half, cutting right 
through the center of the 
loading coil. You now have 
made it into an electrically 
small, coil-loaded monopole 
antenna of length h°. But it 
won’t work! You must now 
stick either a flat metal sheet 
or a set of resonant radial 
wires under this number 1 
antenna to get it oscillating 
again at f Q as a resonant 
monopole over this necessary 
electrical “mirror": You need 
a ground plane. However, the 
little condenser-resonated 
magnetic loop antenna keeps 
working nicely with or with¬ 
out any ground plane beneath 
it; it doesn’t need one. The 





loop or magnetic antenna is 
always a doublet. There is 
also another, very critical, 
practical difference between 
these two basic kinds of 
antennas. 

Take identical masses of 
real world dielectric matter 
such as soil, rock, vegetable 
tissue, etc., both containing 
equal amounts of moisture. 
Set the radial wire "mirror" 
part of the vertical electric 
monopole down onto one 
pile of such matter and the 
magnetic loop down on the 
other pile of this real world 
stuff. Immediately the 
temperature of the matter 
beneath the electric antenna 
will rise; part of the near zone 
field energy of the electric 
monopole is being lost into 
heating the dielectric matter. 
A check of the same kind of 
matter beneath the loop, 
however, shows almost no 
antenna near zone field 
energy loss - almost no 
heating. The tiny amount of 
heating which is taking place 
is entirely due to the small 
value of the electric E field in 
the near zone necessary to 
make up an electromagnetic 
rf field. The H part of the 
loop antenna field could care 
less about the presence of this 
wet dielectric matter near to 
it. Theoretically, equal input 
power fed to ideal electric 
and magnetic antennas of the 
same small electrical size in 
free space, when resonated 
with reactors of equal ohmic 
loss, will produce identical 
amounts of radiated energy at 
great distance in X. This is not 
the case when the same 
electric and magnetic 
antennas must be erected 
near to real world, lossy 
dielectric QTH environments. 
Under these real world con¬ 
ditions, the electrically small 
magnetic loop antenna wins 
the antenna efficiency race 
over the electrically small 
electric antenna. By now you 
are thinking, “Boy, what a 
neat antenna that loop is!" 

You would think, from 
what has been said up to 



would use the magnetic kind 
of antenna exclusively in at 
least the hf and lower fre¬ 
quency radio region where 
antennas must be erected 
over this lossy, mostly 
dielectric planet surface of 
ours. When radio was born in 
the first spark transmission 
experiments carried out by 
Heinrich R. Hertz (1888) in 
verifying James Clerk Max¬ 
well's prediction of the 
existence of rf waves, a loop 
antenna was employed. Since 
then, however, it is the 
electric type transmitting 
antenna which has ruled the 
ether waves. The loop 
antenna has been relegated 
almost completely to re¬ 
ceiving service, particularly as 
a direction finder, where its 
twin, narrow width pattern 
nulls give accurate bearings. 
Why is this? First, the radia¬ 
tion resistance of a small loop 
is 

where A is the area of space 
enclosed by the loop con¬ 
ductor in the same units as X, 
and n is the number of turns 
in the loop. This Rf(loop) 
comes out to be a very low 
number value when the area 
A of the loop is small in 
terms of wavelength. As men¬ 
tioned before in relation to 
the DDRR antenna’s “base” 
impedance, this makes it very 
difficult to make an impe¬ 
dance match between the 
resulting small value of 
Zjn(loop) and the Zo of a 
standard feed transmission 
line. The always necessary 
complex network or trans¬ 
former is inconvenient, in¬ 
variably gives added ohmic 


loss, and must be “track- 
tuned" in step with the 
antenna. Some invention is 
required in the form of a 
simple, efficient coupler 
between the loop itself and 
the transmission line which 
does not itself need tuning. 

Another problem is that, 
due to the very small value of 
Rr(loop) ~ when the lo °P 
inductive reactance is can¬ 
celed out by use of a series 
tuning condenser at f D — the 
rf current circulating in the 
electrically small resonant 
loop at, say, one kW power 
input can get up to one 
hundred Amperes or more. 
Like the DDRR, therefore, 
you just don't make trans¬ 
mitting loops out of wire 
conductors; you use large 
cross-sectional diameter, 
highly conducting tubing. 
Finally, because the loop 
inductive reactance jX| 0 op is 
quite small in an electrically 
tiny loop of few turns, the 
small -jXc of the condenser 
spells lots of capacity in 
Farads. Although -jX c is not 
large in Ohms, the appre¬ 
ciable current magnitude in 
the loop produces a respec¬ 
table magnitude of ljX c , so 
the voltage rating of the 
tuning condenser is in the 
high hundreds to a few 
thousand volt range at one 
kW peak power. 

Loop antennas will work 
well even when buried in the 
soil. During WWII, German 
submarines in "wolf packs” 
used loop antennas to com¬ 
municate over relatively short 
distances while submerged.' 
Knowing all these facts, the 
U.S. military over the last 
few years has been field 
testing a loop transmitting 
antenna in the 2-30 MHz fre¬ 
quency range at power inputs 
up to one kW. Needing no 
ground plane and being of 
conveniently small physical 
size, it is well suited to 
“quickly transportable” two- 
way radio communications 
(field day?) applications. 
However, what makes this 
new loop transmitting 


antenna practical and effi¬ 
cient at long last is the 
ingenious patented* 1 way it is 
matched in broadband 
fashion to the feedline. One 
form of this feed invention 
looks like Fig. 6. 

A balanced two wire feed 
transmission line is connected 
to terminals 1,2 of the small 
feed loop of diameter D. As 
in the DDRR, all you do is 
tune the main loop variable 
condenser for resonance at 
f Q , then experimentally 
change D while "tweaking" 
the condenser to obtain a 
minimum vswr reading in the 
feedline. At the correct 
diameter D, feedline vswr will 
fall to 1.0:1. Once D | 
found, it need not be changed 
in order to get a good match 
over a large frequency tuning 
range. There is no need to 
actually make electrical con¬ 
tact between the base of the 
small feed loop and an 
adjacent point on the main 
loop conductor; coupling is 
achieved to the main loop 
antenna’s H field. Ai 
expected in a magnetic 
antenna, even a sheet of 
varnished plywood can be 
used to hold the coupling 
loop in alignment while 
obtaining negligible dielectric 
loss. The feed loop can be 
made of, say, one half inch 
o.d. copper refrigerator 
tubing. 

For ham band service in 
the lower hf range, main 
loops of from eight to sixteen 
feet in diameter would be 
practical, made from one or 
two turns of two inch or 
larger o.d. thin wall alum¬ 
inum tubing. Naturally, they 
can be made square in shape 
instead of round. All main 
loop conductor joints must 
be welded, and husky 
“ribbon” leads made to the 
variable tuning condenser. 
The large total capacity size 
needed in the condenser for 
160/75/40 meter band use 
could be attained by shunting 
a smaller size variable air or 
vacuum condenser with less 
expensive fixed air or vacuum 
















Three terminal 1C regulators, available in a wide variety of voltage ratings, current capacities, 
and package styles, are easily used to make high quality power supplies. 


S ome lime ago there 
became available to the 
electronics experimenter a 
number of three terminal 
monolithic integrated circuit 
voltage regulators. With a 
minimum of external parts, 
these ICs can be easily and 
inexpensively used in the 
design and construction of 
high quality, low voltage 


regulated power supplies. 

In this article I am going 
to explain the basic use of the 
LM309 and uA7800 series of 
regulators. They are all fixed 
voltage units, most exhibiting 
a continuous duty current 
capacity of one Ampere. 
Available through many 
surplus dealers, they cost 
under two dollars, and the 


price is still going down, in 
single unit quantities! 

There are many other 
regulators available on the 
surplus market, but I have 
chosen to describe only the 
LM309 and uA7800. How¬ 
ever, if you spend a little time 
studying the published data 
sheets on other units, I think 
you will find that most of the 


circuit design procedures I 
have outlined here are 
directly transferable to use 
with other three terminal 
regulators. 

Parts Selection 

The specifications for the 
regulators I am describing are 
shown in Table 1. 

Fig. 1 shows a practical 
power supply circuit, using 
any one of the regulators in 
Table 1. It needs no addi¬ 
tional parts. It will work with 
all of these three terminal 
devices by simply varying a 
few component values and 
ratings. 

Fig. 2 is also practical: If 
you cannot locate a center- 
tapped transformer, replace 
T1 and D1-D2 from Fig. 1 
with the transformer and 
bridge rectifier circuit shown 
in Fig. 2. The full wave 
rectifier is preferred, because 
of the smaller diode drop of 
ihe two diodes in Fig. 1 than 
of the four in Fig. 2, but the 
difference is not that crucial. 

Now let’s assign some 
values to the components in 
those circuits. Use Table 1 to 
determine whai regulator to 
use for IC1. Make your 
choice on the basis of voltage 
rating and current capacity. 
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LM309H 
LM309K 
UA7805 
u A7812 
u A7815 
u A7818 
UA7824 


200 mA 
1.0 Amp 
1.0 Amp 
1.0 Amp 
1.0 Amp 


+5 volts 
+12 volts 
+15 volts 
+18 volts 


TO-5 

T0-3 

T 0-220 

T0-220 

T0-220 

T0-220 

T0-220 


Refer to the graphs in Fig. 
3. There are five graphs for 
use in determining the T1 
transformer voltage and Cl 
filter capacitance for five 
separate one Amp regulators. 
The transformer voltage is for 
a center-tapped transformer 
with a full wave rectifier, as 
in Fig. 1. If you use the 
bridge rectifier configuration 
from Fig. 2, halve the trans¬ 
former voltage but remember 
to add one volt to compen¬ 
sate for the voltage drop of 
the extra diodes. If you use 
the schematic from Fig. 1, 
the current capacity of T1 
need only be half an Amp — 
or half of what you want the 
completed supply to deliver. 
The lower voltage trans¬ 
former needed for the less 
efficient bridge of Fig. 2, 
however, must be rated the 
full Amp. 

Filter capacitor Cl should 
be an aluminum computer- 
grade electrolytic. If you have 
any question concerning 
interpolating a capacitance to 
use with any given trans¬ 
former, round up. This will 
help to make up for com¬ 
ponent tolerances and line 
voltage fluctuations. Since 
readings off the graph are 
minimum allowable capaci¬ 
tances, you might want to use 
a larger value capacitor any¬ 
way. 

Since the graphs were 
calculated using one Ampere 
of drain, if some fraction of 
an Amp is to be drawn, the Cl 
value can be reduced by that 
fraction. For example, if only 
100 mA is needed, then only 
one tenth the capacitance is 
necessary, or any other such 
fraction. It works the other 


way around, also — if you 
make a ten Ampere supply 
(with a pass transistor), you 
will need ten times the filter 
size. 

Exercise prudence when 
calculating capacitor voltage 
ratings. Use at least one and a 
half times, but preferably 
twice, the rms transformer 
voltage across the capacitor. 

Do not omit C2. It is an rf 
bypass capacitor, especially 
necessary if the power supply 
is to be used in an area of 
strong rf such as a ham shack 
— but still needed even if 
used elsewhere. C2 helps to 
absorb the spikes and glitches 
on the line that are too sharp 
for Cl to respond to. It can 
be anywhere from around .10 
uF to .33 uF - .22 uF is a 
happy medium. 

Selection of the value of 
the output capacitor (C3) 
need not be very exacting. 
You can use anywhere from 
around .005 uF to a couple 
of microfarads. Generally, use 
larger values for larger 
currents. A common value for 
a one Amp supply is about a 
1 or 2 uF tantalum. Some of 
the manufacturers’ data 
sheets insist that it is not 
needed, but, since the very 
next phrase in the paragraph 
is always that its presence 
“helps to improve transient 
response,” I would not 
suggest omitting it. 

These regulators do not 
work well at low current 
drains — around 5 mA and 
under. Therefore, R1 has 
been calculated to draw 
about 5 mA from the supply. 
A half or quarter watter is 
sufficient. A pilot light (LED 
or incandescent) could be 


wired in to serve the same 
purpose. If the supply is 
being built into a project so 
that the drain is never 
allowed to go below 5 mA, 
R1 could be altogether 
eliminated. 

The choice of rectifiers for 
D1 through D4 is not at all 
critical. The graphs were com¬ 
piled using 1.3 volts as the 
forward diode drop. This 
figure is based on the 1N4000 
series silicon one Amp 
rectifiers. It should be close 
enough for interchanging 
with any of their surplus 
equivalents or replacements. 
1N4002 or 1N4003 diodes 
would be a good choice for 
any of the transformer 
voltages on the graphs. Some 
of the lower voltage units can 
even get by with 1 N4001 s. 
Just make sure that you don't 
exceed the diodes' piv ratings. 

Automotive Applications 

There are many times 
when you want to operate a 
transistorized device in your 
car that requires a supply 
voltage different from that of 
the standard 12 volt automo¬ 
tive electrical system. A 
higher voltage requirement 
would take a power convertor 
exceeding the scope of this 
article, or a separate battery. 
But these 1C regulators are 
ideal for obtaining lower 
voltages from the 12 volt 
electrical system. Fig. 4 is a 
supply circuit tailored 
specifically for use in a car. 

An automotive environ¬ 
ment is, however, very prone 
to transience. Special pre¬ 
cautions should be exercised 
to protect the regulator. 
Positive spikes on the input 
line can very easily cause that 


input terminal to go above 
the maximum allowable input 
voltage for the 1C. Therefore, 
the zener diode (Z1) has been 
put into the circuit to help 
shunt any higher spikes to 
ground. You can use what¬ 
ever zener you have in your 
junk box in the 24 to 30 volt 
range. 

The rectifiers are absent in 
this version, but note that the 
filter capacitor is Still there. 
Keep it there — your car’s 
alternator puts out an awful 
dc waveform. Filtering is still 
needed. 

All of the other parts are 
the same as the other circuit 
diagrams. 

Construction Considerations 

The construction consider¬ 
ations you need concern 
yourself with when using 
these 1C regulators are not 
very numerous. But those 
that do exist should be care¬ 
fully observed. 

There are definite reasons 
for the endpoints of the 
graphs in Fig. 3. Do NOT 
extrapolate transformer 
voltages from either end of 
the graphs. 

These regulators will only 
work when an input voltage 
between certain limits is 
present at the input terminal. 
The dropout voltage, or level 
below which the unit will not 
operate properly, is usually 
two volts greater than the 
rated output voltage. Thus 
the LM309 needs an input of 
at least 7 volts to work 
correctly. If the input is too 
low, it will not regulate at the 
desired voltage and the ripple 
will be excessive. 

The input level to these 
regulators cannot be too high, 



Fig. 1. Here is a practical diagram for a power supply of any 
voltage, needing no other parts Use this schematic with 
center-tapped transformers in a full wave rectifier configura¬ 
tion. Regulator voltage / R1 value: 5/I.OkQ,, 1212.2k, 15/2.7k, 
1813.3k, 24/4.7k. 





Fig. 2. If you cannot locate a center-tapped transformer, 
substitute this schematic for that of Fig. I. Keep in mind the 
additional design considerations explained in the text necessi¬ 
tated by the extra diodes. 


either. The upper limit is 
almost always 35 volts, 
except in some of those regu¬ 
lators with a high output 
voltage. For example, the 
uA7824 will take an input of 
up to 40 volts, but the other 
units in the UA7800 series 
(and the LM309) are limited 
to 35 volts. This figure 
includes peak ripple voltage. 
If the input exceeds the abso¬ 
lute maximum input rating, 
permanent damage may 
result. 

There is another reason fa- 
keeping the input voltage as 
low as possible. The dissipa¬ 
tion of the devices in the 
T0-3 or T0-220 packages 


must be limited to around 5 
to 10 Watts, depending upon 
heat sink efficiency. (The 
LM309H, in its T0-5 metal 
can package, is limited to 
around 1 or 2 Watts power 
dissipation.) In this case, 
exceeding the junction 
temperature limit, for what¬ 
ever reason, will only trigger 
the internal protective 
features - thermal shutdown 
and current limiting - 
causing no permanent 
damage. This is especially 
important if you want to 
draw a full Ampere from the 
supply. Although the dissipa¬ 
tion capacity is still a 
function of heat sink 


Fig. 3. Use this graph for determining Cl capacitance and T1 
voltages. The points labeled “D" are the dissipation limits 
explained in the text. 


efficiency, 20 Watts is the 
absolute maximum dissipa¬ 
tion regardless of how much 
heat you remove from the 
case. 

For these reasons I have 
included points, labeled D 
(for dissipation limit), on the 
graphs in Fig. 3. If you want 
to draw high currents from 
the 1C, use a transformer 
voltage to the left of (above) 


points D and attach the regu¬ 
lator to an adequate heat sink 
with liberally applied silicone 
grease. The Signetics LM309 
data sheet indicates that a 
typical commercial heat sink, 
the Wakefield 680-75, should 
be sufficient to allow the 
TO-3 package of the LM309K 
to dissipate from 5 to 7 Watts 
at room temperature before 
thermal shutdown is trig¬ 
gered. Use this as a guideline 
for determining your own 
heat sink requirements. Keep 
in mind that my placement of 
the dissipation limits in Fig. 3 
is in no way absolute. Dissipa¬ 
tion capacity is very depen¬ 
dent upon heat sink size and 
efficiency. Simple experimen¬ 
tation should be used to 
determine what size is needed 
for your specific application. 

Refer to the base diagrams 
in Fig. 5 for finding the pin 
connections of the TO-5 
metal can, T0-3 metal power, 
and the T0-220 plastic power 
packages. Follow normal 
wiring procedures, with no 
other special precautions 
except to make sure that you 
use large enough wire for the 
current you intend to draw. 


This breadboarded supply was assembled with an LM309K for use in testing TTL circuits. 


Design Calculations 

For those of you who 
want to apply my design pro- 
cedures to other three 
terminal regulators, or just 
simply want to know a little 
of the theory behind this 
shortened design method, 
here are all the necessary 
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Here is an example of an on-card regulator using the LM309H. The circuit is a TIL heads-tails 
game, taking its power from a 9 volt battery. 


calculations and a little on 
why they are used: 

You do not get exactly 
12.6 volts dc from a 12.6 volt 
transformer. Nor do you get 
6.3; in fact, there is no such 
easy one-to-one relationship. 
Rather, you get a fluctuating 
dc waveform whose 
amplitude varies all the way 
from zero to a peak value of 
\fT (or about 1,414) times 
the transformer voltage. 

As you increase the size of 
the filter capacitor, the ripple 
stabilizes. The waveform 
approaches an inverse saw¬ 
tooth - an almost vertical 
charge time, followed by a 
nearly steady linear discharge 
rate, all repeating every 8.333 
milliseconds (cycling at 120 
Hertz). The peak value of the 
waveform remains where it 
was, but the amount of ripple 
subtracted from it decreases. 
Approximating a sawtooth 
will be close enough for our 
purposes. 

Since specific transformer 
voltages are a lot easier to 
come by than are capacitor 
sizes (especially if you rewind 
them yourself — but that’s 
another whole story), we will 
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calculate the necessary trans¬ 
former size needed with a 
given capacitor. Let’s start by 
taking that capacitor size and 
calculating its ripple per given 
current drain: 
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where V r = peak-to-peak 
ripple voltage, I = current 
drain in mA, and C = filter 
capacitance in uF. 

We now have the amount 
of ripple, the diode drop, and 
the dropout voltage of our 1C 
regulator. The sum of these 
voltages equals our minimum 
necessary peak transformer 
value. The minimum rms 
voltage that we can use there- 

Vt = (1.414) (V d + V r + 1.3) 

where Vt = transformer 
voltage, volts center-tapped 
(rms), Vd = regulator dropout 
voltage (usually 2 + V 0 ut), 
and V r = the ripple voltage 
we calculated above. 

Since this equation is for 
use with a center-tapped 


transformer and a full wave 
rectifier, here is a modified 
formula to use for Fig. 2’s 
bridge. It is not simply half of 
the full wave value, so use 
this modified formula instead 
of trying to work it out of 
the other one: 

V, = (.7071 (V d + V r + 2.6) 

where all variable names are 
the same as before. 

If you are using other 
rectifiers and have more 
accurate data on them, you 
can insert your diodes' for¬ 
ward drop in place of the 1.3 
and 2.6 that I use for 1N4000 
series rectifiers. Remember 
that, whatever the average 
current, the peak value is 
much higher at specific 
instances. Currents above ten 


Amperes can be in a one Amp 
power supply! Keep this in 
mind if you calculate your 
own rectifiers’ forward drop. 

Round up your final 
answer. This will incorporate 
a safety margin to allow for 
component tolerances and 
line voltage fluctuations. A 
ten or twenty percent round 
up margin could safely be 
used, providing that you do 
not approach the absolute 
maximum input ratings of 
your device. Your final calcu¬ 
lation should be a check to 
make certain that the instan¬ 
taneous voltage, with the 
actual component values you 
have decided to use, never 
exceeds the capacitor or regu¬ 
lator input ratings. When you 
round up, all that you in fact 
are doing is improving the 
line regulation at only a slight 
trade-off in size and effi¬ 
ciency. 

Device Availability 

The LM309 regulator 
(both the H and K package 
styles) has been designated to 
be worst case 7400 TTL com¬ 
patible. Barring thermal shut¬ 
down or current limiting, 
their output voltage will 
never deviate outside the 4.75 
to 5.25 volt range that 7400 
TTL logic requires — even 
counting line, load, and 
thermal regulation summed 
worst case. 

The LM309H is therefore 
a prime candidate for on-card 
regulators for logic circuits 
needing less than 200 mA — 
and it is in fact somewhat 
unique in this respect. The 
larger package styles, 
although still small enough 
for PC board mounting, are 
more conducive to chassis 
mounting. 



Fig. 4. This is a supply tailored for use in the transient-prone 
environment of a car. Zener Z1 can be anywhere from around 
24 to 30 volts. AH other parts are as in Figs. 1 and 2 . 






Fig. 5. Here are the pin connections for the TO-5 metal can, 
TO-3 metai power, and T0-220 plastic power packages. 


The LM309 is, by far the 
most readily available of the 
many three terminal voltage 
regulators. For the sake of 
printing costs, some suppliers 
have omitted the LM prefix 
in their magazine advertise¬ 
ments. Others do not make 
obvious the distinction 
between the H and K case 
styles. Nevertheless, a good 
share of the surplus dealers 
that advertise in the back of 
this or any other experi¬ 
menter-oriented electronics 
magazine do carry the 
LM309. 

A different story exists 
concerning the uA7800 
series. Even though here again 
some distributors have 
dropped the prefix in their 
advertisements for the sake of 
brevity, there simply are not 
as many firms carrying it. 
Careful reading of advertising, 
especially the literature sent 
by suppliers in response to 
Reader Service inquiries, will 
show you who sells what. 
There are some commercial 
and industrial suppliers who 
carry the units at prices only 
slightly higher than mail 
order surplus dealers. Surplus 
prices are all about the same, 
but since slight discrepancies 
do exist, shop around before 
you send anyone your 
money. 

There are quite a few regu¬ 
lators available that I have 
not mentioned here. Don’t be 
afraid to try some of them. 
However, remember to make 
sure that you are buying a 
fixed voltage, three terminal 


voltage regulator integrated 
circuit. Some chips, such as 
the 723, are not three 
terminal devices, and they 
require a number of external 
components to adjust the 
output voltage and set the 
current limiting point. They 
have to be used with a much 
larger number of external 
components, in circuit 
whose design is much 
more involved than this. The 
giveaway should be that no 
specific output voltage is 
mentioned. If the device is 
advertised simply as a "mono¬ 
lithic voltage regulator,” you 
can be pretty sure that it is a 
multiterminal unit. Some ads 
do not give a verbal descrip¬ 
tion of the device, but just its 
number and price. You can 
cross-reference to other 
advertisements to figure out 
what the product is. 

A series of regulators that 
you might be interested in - 
especially if you want to 
build a ±15 volt op amp 
supply - is the uA7900 
series. They are negative 
voltage complements to the 
uA7800s. Availability is still 
somewhat limited, but hope¬ 
fully it will improve shortly. 
Both series are produced in a 


wide range of output 
voltages, including a couple 
that I have not mentioned 
here. Again, check through 
the ads in the back of this 
magazine. 

Make sure that, for any 
device you buy, you also 
obtain a set of the manufac¬ 
turer’s specification sheets 
and also, if possible, applica¬ 
tion notes. Originally the 
LM309 was produced by 
National Semiconductor and 
the uA7800 series by Fair- 
child, but quite a number of 
other manufacturers have 
since second-sourced them. 
So don’t be too upset if you 
receive from a single distribu¬ 
tor spec sheets and regulators 
with different manufacturers' 
names on them. There is 
enough industry-wide com¬ 
patibility so that you need 
not worry about differences 
between manufacturers. 
(Actually, a more likely case 
would be to find no manufac¬ 
turer's imprint at all on one 
or the other.) Hopefully, a 
little bit of reading through 
those data sheets and applica¬ 
tion notes will answer most 
of your questions. 

There are external circuits, 
available from suppliers’ and 


manufacturers’ application 
notes, that can be used to 
make these regulators even 
more versatile. A typical 
circuit in this category is one 
enabling the output voltage 
to be set at different points, 
or even to be continuously 
adjustable. But since the main 
objective of this article is to 
introduce three terminal regu¬ 
lators in a relatively simple 
way, I will have to reserve 
discussion on them for the 
present time. 

Three terminal regulators 
come into their own for the 
simple supplies. Usually, by 
the time you hang on all of 
the necessary parts to one of 
these three terminal units to 
achieve a specialized applica¬ 
tion, you find that you would 
have been better off by using 
a multiterminal device from 
the start. The 723 that I 
mentioned before is only one 
of a large number of these 
chips available. 

I hope, even if you never 
actually use a three terminal 
1C regulator, that reading this 
article has given you a little 
knowledge about them and 
their use. If you have any 
specific questions you would 
like answered, or would like 
more explicit information 
concerning suppliers’ names, 
feel free to write and ask me. 
(Please include a self- 
addressed, stamped envelope 
for my reply.) Maybe I won't 
know the answers to all of 
your questions, but hopefully 
I can at least refer your 
inquiries to someone who 
does. ■ 
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Can An Indoor Antenna Work? 

--making the best of a bad bargain 


M any amateurs are 
forced to use indoor 
antennas on the HF bands 
either from their home QTH 
or while traveling. No form of 
indoor antenna is ever going 
to be as efficient a radiator as 
an outdoor antenna but there 
definitely are a few rules to 
be observed if one is going to 
achieve reasonable perfor¬ 
mance from an indoor 
antenna. In brief, these rules 
might be staled as: 

1. The fact that an 
antenna is used indoors 
does not change basic 
antenna principles. 

2. Choose an indoor 
location which provides 
minimum coupling loss 
to the outside. 

3. Use an antenna form 
which is long enough to 
get power at least effi¬ 
ciently transferred from 
the transmitter into the 
antenna. 

This article discusses each of 
the above rules in some detail 
and gives a number of 
examples to illustrate various 
indoor antenna ideas. 

Radiation Characteristics 
Many amateurs feel that, 
when an antenna is used 
indoors, its radiation 
characteristics can no longer 
follow the typical patterns 
shown in the various antenna 
manuals. It is true that, 
because of increased capaci¬ 
tive effects and coupling to 


the building structure, 
the wavelength formulas 
given in manuals do not 
always apply. But, the basic 
radiation patterns do not 
change greatly. For instance, 
a horizontal dipole still has its 
maximum radiation broadside 
to the line of the antenna. 
The same is true for an end 
feed wire unless it is several 
wavelengths long at the oper¬ 
ating frequency, which 
normally would not be the 
case in an indoor location. 
Fig. 1 shows a bent half-wave 
antenna, end fed, used in a 
room. Maximum radiation is 
broadside to the antenna, or 
in this case in the direction 
bisecting the sides of the 
antenna. Obviously, if one 
forgets the “basics” and con¬ 
structs an indoor antenna so 
it radiates maximum energy 
in a direction where few 
stations can be worked, one is 
wasting power in a situation 
where every bit of radiated 
power is precious. 

Knowing the directional 
characteristics of loop 
antennas is particularly 
important since they are one 
of the most useful forms of 
indoor antenna. A large 
square loop (J4A per side), 
such as the usual quad 
antenna element, has its max¬ 
imum radiation perpendicular 
to the plane of the loop. If 
constructed as a closed loop, 
its terminal impedance is 
relatively low. For the loop 


described, it is about 80 
Ohms. If the loop is fed at 
the bottom, the radiation is 
horizontally polarized. If fed 
at the side, the radiation 
becomes vertically polarized. 
Fig. 2(a) shows this type of 
loop. Many variations can be 
made on a full size loop by 
shaping it into different 
forms such as a triangle, by 
using loading coils to shorten 
the physical lengths needed 
and by more exotic shape 
deformations. One of the 
most interesting of the latter 
is shown in Fig. 3. It 
appeared in QST some time 


ago and good results were 
claimed for it. The radiation 
is vertically polarized and 
omni-directional. Supposedly, 
it could be turned around and 
used horizontally. With 
dimensions of only 1/1 OX per 
side, it becomes feasible to 
construct it indoors (even on 
40 meters) in large rooms. 

Although large loops (even 
the compact version of Fig. 
3) look attractive on paper, 
they become difficult to con¬ 
struct in reality. This is 
especially true if one wants to 
set up an antenna indoors for 
portable operation. A second 



Fig. 1. A dipole antenna (1/2X) retains its broadside radial ion 
characteristic inside a room, whether center or end fed. 
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Fig. 2. The /X and l/2\ loops are the most useful of indoor 
antenna forms. Both provide a good, direct match to coax line. 


important class of loop 
antennas and the one most 
generally useful for indoor 
work is the 1/2X loop (1/8X 
long per side). Such a loop 
can be considered as a half 
wave dipole antenna bent in 
the form of a loop. An impor¬ 
tant change in directional 
characteristics occurs, how¬ 
ever. Maximum radiation is 
now in the plane of the loop 
and in the direction towards 
which the antenna is fed. This 
is shown in Fig. 2{b) for a 
loop which is "open" at its 
far end. The reason for 
‘’opening” the far end is to 
reduce the input impedance 
to about 50 Ohms. Other¬ 
wise, it would be in the order 
of several thousand Ohms and 
difficult to match. If the 
antenna is constructed verti¬ 
cally (diagonally across a 
room), its polarization will be 
vertical. If constructed hori¬ 
zontally (around the corners 
of a ceiling), its polarization 
will be horizontal. The direc¬ 
tion of maximum radiation 
can be controlled by choosing 
at which end to feed the 
antenna. 

The small loop adapts very 
well to usage in small to 
medium size rooms. By 
noting the dimensions of the 
room involved, one can 
quickly determine with a 
pocket calculator the lowest 
frequency band on which 
operation is feasible. 

Operation on a second 
harmonic band is possible by 
shorting the far end of the 
loop and using it as a full size 
loop, but note how the direc¬ 
tional properties of the 
antenna change! If the 
original 1/2X loop used hori¬ 
zontally is used on a band 
where it becomes a IX loop, 
most of the radiation is 
straight up and down and 
useful only for extreme short 
skip contacts. 

The next smaller class of 
loop is one having a total side 
length of 1 /4X. Such a loop is 
similar to the loop of Fig. 
2(b) except that capacitive 
loading is required at both 
the transmitter terminals and 


at the "open” terminals to 
bring the loop into resonance 
at the operating frequency. 
The capacitances needed 
depend upon the operating 
frequency but are 500-1500 
uF at the transmitter end and 
50-100 uF at the “open end” 
for 40/80 meter operation. A 
BC variable will suffice at the 
transmitter end but a wide¬ 
spaced variable is needed at 
the “open end.” The capaci¬ 
tances are adjusted for mini¬ 
mum swr if a coax feedline is 
used or for best transmitter 
loading. The 1/4X loop is a 
poor radiator — efficiency is 
only 8-10%. Yet, it may be 
the only usable antenna form 
if operation on a low fre¬ 
quency band such as 40 or 80 
meters is necessary in a small 
room. Unlike the other larger 
loops, antennas where wire 
size is not critical, the effi¬ 
ciency of the 1/4X loop is 
very much dependent upon 
using wire with low ohmic 
losses. 

Indoor Locations 

The idea of an outdoor 
antenna being located "as 
high as possible and as clear 
as possible” pretty well 
applies to the indoor antenna 
as well. Coaxial transmission 
line loss, even that of minia¬ 
ture coax such as RG-174, is 
quite low on the HF bands. It 
would be better to have an 
indoor antenna located as 
high as possible within a 
building, even with a long 
transmission line, rather than 
use an indoor antenna at a 
building level where it is 
shielded by other nearby 
buildings. In a private resi¬ 
dence this usually means an 
attic location. In an apart¬ 
ment location one has to 
examine all the possibilities 
available since conditions will 
obviously vary quite widely. 
A disguised TV transmission 
line, for instance, might lead 
instead to a suitable loop 
antenna located inside or 
immediately around a roof 
level housing. 

When choosing a portable 
indoor location one might 


have a bit more choice of 
locations, such as when 
traveling on vacations. If any 
choice of building locations is 
possible, one of the principal 
rules is to avoid any steel- 
reinforced building locations. 
Such buildings will provide 
the same effect as though one 
were trying to work out of a 
screen-shielded room! Build¬ 
ings can be examined for such 
construction by a variety of 
means. For instance, a simple 
compass can be used to 
examine walls for metal rein¬ 
forcements. Sudden deflec¬ 
tions at periodic intervals will 
indicate metal reinforcement 
as the compass is moved 
around closely against the 
wall. Most often, however, 
the basic nature of the 
building involved will provide 
the necessary clues. Any 
high-rise structure obviously 
has to be of metal-reinforced 
construction. Two or three 
story buildings may or may 
not be, even those of 
masonry construction. Wood 
frame buildings are obviously 
the most suitable, the only 
exception being to avoid 
being immediately under the 


roof of such a building if the 
roof is of tin or other metal. 
If one must work from a 
metal-reinforced building, 
one should try to be as high 
as possible in the building and 
in rooms with large glass 
areas. 

Whatever indoor location 
is chosen, the antenna wire 
should be held a few inches 
away from the walls or 
molding if at all possible. The 
only exception concerns glass 
areas. If one is fortunate 
enough to be in a location 
with large glass areas, a good 
antenna construction material 
to consider is stainless steel 
tape. The tape can be placed 
directly on the glass and wires 
soldered to it, to join sections 
of an antenna and for connec¬ 
tion of a transmission line. 

Which Antenna Form to Use? 

Working from an indoor 
location is a bad enough 
handicap, without having to 
lose transmitter power before 
it has a chance to be radiated. 
In other words, an antenna 
form should be used which 
will take and radiate as much 
of the available transmitter 
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Fig. 3. An unusual method of folding a 7 A loop together. 


power as possible without 
having that power burned up 
in ohmic losses in the antenna 
or antenna matching devices. 
In simple terms, put up as 
much antenna wire as 
feasible. A rule of thumb is 
not to use an antenna shorter 
than about 1 /8X. This would 
mean about 32* on 80 meters 
and would be a piece of wire 
which was being worked 


against some ground system 
such as the water pipes in a 
building. One can squeeze 
QSOs out of shorter antennas 
but it would be better to find 
some way to lengthen the 
indoor antenna by going 
through doorways between 
rooms or utilizing hallways 
where possible. 

Progressing from the 1 /8X 
long wire one can go up to a 


1/4X or even 1/2X long wire, 
all being worked against some 
ground connection. However, 
if at all feasible one should 
try to use a ground-indepen- 
dent antenna. The simplest is 
a dipole, either stretched out 
fully or formed into a "V" 
shape. Such an antenna can 
usually be used in attics on 
the higher frequency bands 
but the only solution in most 
cases for the lower frequency 
bands such as 40 and 80 
meters is a loop antenna. The 
form of loop to aim for is the 
1/2X open-ended loop. Being 
a full 1/2X long, its losses are 
low and it provides a con¬ 
venient match to a trans¬ 
mission line or directly to a 
transmitter. Transmitters 
with adjustable pi-networks 
or similar networks can 
usually work into this 
antenna form without the 
need of additional antenna 
tuning devices. Being only 
about 8 foot on a side for 20 
meters, it can be constructed 
in almost any room on that 


band or higher frequency 
bands. Being about 16 foot 
on a side for 40 meters means 
it can be accommodated 
vertically in only unusually 
nigh rooms. But, the diagonal 
run of many moderate size 
rooms will accommodate the 
horizontal legs of such a loop. 
In that case the vertical legs 
should be made as long as 
possible and the extra length 
made up by having a "U” 
fold in each vertical leg. 
Placed horizontally, such an 
antenna can be accommo¬ 
dated fully stretched out in 
larger size rooms. On 80 
meters, a room would have to 
have unusual dimensions to 
accommodate a 1/2X loop 
placed in any orientation and 
the only choice here would 
be the 1/4X, tuned as pre¬ 
viously described. Such an 
antenna has poor efficiency 
but still it will generally prove 
to be a better radiator than a 
1/8 or even 1/4X piece of 
wire worked against a lossy 
water pipe ground. ■ 
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12 Inexpensive Volts 

for Your Base Station 


- - parts right out of your local Radio Shack 


The two 12 volt power supplies use the same circuit. Meters were added to the version on the right to monitor the voltage and 
current. 
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T he purchase of a new 
two meter FM rig a few 
months ago rekindled my 
interest in ham radio. My 
ham activity had fallen to an 
all-time low, but the FM rig 
helped me rediscover many of 
my old ham buddies who had 
already gone the two meter 
route. It also helped me 
discover several other things, 
among them the rapid 
advancement the state of the 
art had taken during my 
absence from the ham bands. 

My FM rig worked great 
mobile; however, base opera¬ 
tions were difficult due to the 
lack of an adequate power 
supply. The XYL took a dim 
view of the car battery and 
charger set up in the living 
room every time I wanted to 
monitor the machine from 
the easy chair. Battery acid 
and carpet do not a happy 
home make. 

After reading the latest on 
regulated supplies, I decided 
to build one. They look 
simple and are, except for 
one small item; those nice 
little 1C regulators are about 
as easy to find in my area as a 
pocket in a nudist camp. Not 
wanting a divorce, but 
desiring to work the rig at 
home, a solution had to be 
found. This little power 
supply was the result. 

The circuit is very straight¬ 
forward and simple. It is by 
no means original, but is a 
combination taken from 
several articles. The great 
thing about this power supply 
is that all the parts except the 
two 10 Watt zener diodes can 
be obtained from a local 
Radio Shack store. The entire 
supply should cost no more 
than $24.00 if all the parts 
are purchased new, and a less 
expensive cabinet or modest 
junk box will bring this down 
considerably. 

I have built three of these 
supplies over the past couple 
of months and all have 
worked like a charm. The one 
on the right in the first photo 
is the main shack supply now 
in use. I added the meters to 


The 10 Watt zener diodes are mounted with insulating mica washers on rear of chassis along 
with the power transistors. Ac tine is on left, 12 volt output on right. 
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monitor voltage and current 
so the supply could be used 
for future projects. The small 
one on top of the Regency is 


the latest version. I wanted to 
run the rig at work, so this 
one was built. 

Every part in this one was 


purchased at Radio Shack, 
except the 10 Watt zeners. 
These I bought from a local 
TV parts store, so they 


Parts layout is not critical. The cabinet louvers are kept in the rear to aid in cooling Q1 and Q2. 





Fig. 1. Super simple 12 volt power supply. Ql, Q2 — 40 Watt 
power transistors, Radio Shack 276-592; T-l — 12.6 V, 3 
Amps, Radio Shack 273-1510; U1 — full wave bridge rectifier, 
100 V, 6 Amps, Radio Shack 276-1171; cabinet - 52!" x 3" x 
5-7/8", Radio Shack 270-253. 


should present no problem this is a minor problem. The 
for anyone wishing to dupli- rear chassis panel works fine 
cate this supply. as a heat sink; however, for 

Parts layout is not critical, added cooling I added the 
The only suggestion I would small heat sinks shown, 
make is to use a bus line for All in all, this little supply 
the negative voltage instead works great, looks good and 
of a common chassis ground, is easy and economical to 
This way a stray screwdriver build. The regulation for the 
from the case of Ql or Q2 to HR2B in the 15 Watt mode is 
the chassis will not short the less than Vi volt at 2.8 Amps, 
transistors. The 40 Watt I have used this supply with 
power transistors come 4 to a other rigs such as the ICOM 
package. I had to do a bit of IC22A and other ten Watt 
experimenting to find a pair rigs and the voltage drop has 
that match, but at 30 4 each been less than % volt. ■ 
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YOU ASKED 

FOR IT! 
ecm-SB FM 
m of/uluf/ or* 
meter 



* 0 7.5 kHz deviation peak reading 
Meets commercial requirements 

■* Operates 30 500MHz 

* Crystal controlled for easy operation 

* Telescopic antenna 


* NICAO power pak $20.46 

* Charger $29.95 

Audio/scope output with earphone $12.95 


I ECM Corporation 

412 North Weintach Ave. 
Evansville. Indiana 47711 
8124762121 



Where are 
your QSL cards? 


vinyl covered in blue, black or ginger. 

Only $5.95 



. nuAce _ 


L Ace Art Company, Inc. j. 

Q 24 Gould St., Dept. 73 Q 

£ Beading MA 01867 £ 
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WYOMING 

Ranch land. Antelope, deer, elk, wild 
horses - Your "Antenna Ranch." 10 
Acres $30 down, $30 month. FREE 
info - maps — photos. Owner: 

Dr. Michael Gauthier, K6ICS 
9550 E. Gallatin Rd„ Downey CA 90240 


Shortwave Listening 

1976 World Radio TV Handbook - $10.95 
Gated 1000/100/50/25/10 kHz Calibrator - $54.00 
Barlow Wadley & R.L. Drake Receivers 
1976 “Confidential” Frequency List -15.45 

GILFER, Box 239, Park Ridge, NJ 07656 


Triton IV 

tv “IMF- 


Send for specs & other 
great products too. 

Serving amateurs since 1928 

Master Charge BankAmericard 

FRECK 

252 Patton Ave.,Asheville,N.C. 28801 
PHONE; (704) 254-9551 


ANTENNA SUPERMARKET PO Box 338. Dept.A. Chambersburg PA 17201 

OIPOLE AND WIRE ANTENNA KITS, complete with Hl-Q BALUN, 100' rope, 
copper antenna wire and insulators. 

80/40/15 parallel dipole *36.95 140short, 130'length.S36.95 

40/20/15 parallel dipole.. S30.95 BOshort, 63' length.S31.95 

B0/40 trap dipole. S41.95 40 short, 33'length *28.95 

40/20 trap dipole. S34.95 Single band models from.S24.95 

VERTICALS - complete with Universal Mounting Base, Folds NEW 

to 5' for Easy Transport, Hvy. Duty Aluminum Tubing. Apartment/Portable 


20/15 trap, 13' hgf. 

40/20/15 trap 22' hgf. . 
60/40/20 trap 30' hgf. . 
BO/40/15 trap 20' hgt. . 


.95 160 compact 23'hgt , .. *44.95 camper, frailer, m 

.95 B0 compact 20'hgt. 39.95 for home. All ban 

■ 95 40 compact 15' hgt. 34.95 B0 10. folds to 5' ea: 

.95 20/15/10full size vertical 29.95 ly. 13'height. 

_ 80 40 20 15 10 *49. 

SI.95 shipping (S2.95WesrCoastl hulmlr hMbufc # •» 
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A Test Lab Bonanza - - 
Free! 

--using a transistor radio 

J ust about everyone needs Here are some modifications The first consideration is of your choice. No matter 
more test equipment, or which will allow you to add a what to do about packaging what the package you choose, 
easier ways to use the test mess of handy test equipment the radio. You may decide to be sure to decide on plugs 
equipment he already has. to your shop, and still leave leave the radio intact and add and jacks that you already 
Just about everyone has an your old transistor radio in plugs and jacks of your have around so you don’t 
old radio sitting around and working order. The finished choice in the radio cabinet, make all your test leads 
this can provide the needed device will be everything You could run leads out from obsolete. The diagrams in this 
test equipment. You merely from a speaker subber to a the radio cabinet and put the article show the use of phone 
need to make the proper transistor checker, and will plugs, jacks, and switches on jacks, but you could just as 
modifications to the radio, still provide your favorite a minibox. Or you could well use banana jacks or 
then know how to apply the news or music while just package the radio complete whatever. Fig. 1 shows a 
resultant piece of test gear, sitting on the bench. with modifications in the box typical radio schematic. Some 
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Fig. 2. Using the radio as a 
substitute speaker. You may 
wish to add a jack as shown 
while retaining the original 
earphone jack on the unit. 


will differ, especially in part 
values, but the stages arc 
essentially the same as the 
one shown. At least this dia¬ 
gram is helpful in locating 
where to put the modifica¬ 
tions in your particular radio. 
You may add any or all the 
modifications to make a 
speaker subber, power 
supply, audio oscillator, sig¬ 
nal injector, transistor 
checker, alignment generator, 
or weather receiver. 

Speaker Subber 

This is the simplest 
modification. You may add a 
plug as shown in Fig. 2 or 
you may modify the 
earphone jack already on 
many radios. When a phone 
plug is plugged in, the speaker 
is automatically 
disconnected. A pair of 
alligator clips on the end of 
the leads will allow you to 
connect to almost any source. 



Here is a typical small radio undergoing transformation into a VHF receiver, one of the many 
applications described in the text. Add any or all to make your radio a handy piece of test 
equipment and still use it for a radio when it is not working for you. Note the coils in photo; 
these are the original FM coils removed for the frequency conversion described in the text. 


Power Supply 

Whether your radio is 
battery or ac power, it will 
give you an easy source of 
9-12 volts dc depending on 
the radio. All this without 
tying up the main power 
supply in your shop. When 
you are using the other radio 
circuits to check out a radio 
or experimenting with a 
circuit on the bench, the 
radio power supply will run 
both the test equipment and 
the radio or circuit under 
test. Fig. 3 shows some of the 
suggested modifications for 
both battery and ac power 
supplies. In Fig. 3(c) a 
transistor is used as a voltage 
source to provide variable 
voltage outputs from the 



Fig. 3. Power supply circuits, (a) Simple battery supply, (b) 
Output is taken from an ac supply, (cj Continuously variable, 
output power supply. 




Fig. 4. Audio oscillator. May he used as an 
audio signal generator, code practice oscillator, 
etc. Values shown are for approximately I kHz; 
use formula for other frequencies. 








Fig. 5. Signal tracers, (a) Switch permits use as audio signal 
tracer, (b) The input is applied to the detector for use as a 
demodulator, (c) l-f injection for 455 kHz. (d) Oscillator is 
disabled to allow injection of oscillator from another set to 
test its operation. With switch at normal, radio can be tuned to 
detect 16.00 kHz i-fs. 


radio supply. You cannot 
ruin the pass transistor be¬ 
cause you cannot short 
circuit the transistor circuit. 
If you have a battery level 
indicator on your radio, it 
may be calibrated and used as 
a voltage indicator. By adding 
a resistor network and range 
switch in place of the po¬ 
tentiometer, you can have 
discrete voltage outputs such 
as 1.5, 5.9, etc. 

Audio Oscillator 

Fig. 4 gives the 
modifications which make an 
audio oscillator. The result 
can be used as a code practice 
oscillator, test oscillator, 
audible continuity checker, 
or audio signal injector. The 
tone control provides some 
measure of control of the 
basic oscillator frequency. 


Signal Tracer 

The radio will work as 
several different tracers. The 
most obvious use is shown in 
Fig. 5(a), an audio signal 
tracer. Injecting a signal at 
the detector as shown in Fig. 
5(b) yields an rf demodulator 
tracer. If you inject a signal 
into the i-f as shown in Fig. 
5(c), you have a 455 khlz 
tuned tracer (or 10.7 MFIz if 
the radio has FM) for use 
with standard i-fs. If you 
allow disabling the oscillator 
as in 5(d), you can inject 
another radio’s oscillator 
signal to test the oscillator 
section of the other radio. 
Just inject the local oscillator 
from the radio being serviced, 
juggle the dial on both radios, 
and if you can pick up 
signals, the oscillator in the 


Fig. 6. Signal injectors, (a) The 455 kHz output from the 
converter can be injected in various i-f stages to check out 
their operation, (b) Addition of an impedance matching 
transformer for an audio signal injector with high output 
impedance. Dotted lines show alternate connection. 



Fig. 7. This configuration will act as a fairly accurate i-f 
alignment generator. Since the output is from the last stage at 
the i-f, you have the advantage of the narrowing from all the 
tuned circuits at the intermediate frequency. 


other radio is working. The 
same method could be used 
for FM systems; in that case, 
couple the oscillator signal to 
the FM converter stage 
through a gimmick of about 7 
twists of hookup wire 
connected in the same place 
on the FM converter stage. 
You will have to add a switch 
to disable the oscillator as 
shown on the AM converter 
circuit. For the AM radio, the 
oscillator injection point also 
serves as a point to inject rf 
from a system that uses 1600 
khlz i-fs by letting the 
oscillator run and tuning the 
radio to 1600 khlz. 

Signal Injector 

The output of the 
converter taken from the 
point shown in Fig. 6(a) 
provides a 455 khlz signal for 
checking the i-f of a radio. 
(An equivalent point on the 
FM converter provides 10.7 


MHz signals.) Tune the radio 
to a station and the 455 kHz 
output will be the signal 
transmitted from that station. 
Fig. 6(b) shows the 
connection for injecting 
audio signals; just tune in a 
station and use its audio to 
check out the audio circuits 
under test. 

Alignment Generator 

In Fig. 7 the output from 
the i-f is taken after it has 
gone through several stages of 
i-f amplification. Since this 
signal has the benefit of the 
several stages of selectivity, 
the i-f output signal can be 
used as a source of accurate 
455 kHz (or 10.7 MHz) 
assuming the radio has been 
accurately aligned. Merely 
align the radio as one of the 
steps to making it into a piece 
of test equipment. Signals 
tuned in on the radio will be 
translated to their equivalent 







Fig. 8. Go-No Go transistor checker will work with silicon or 
germanium types with reasonable HFEs. Use a good unit for 
checkout; if circuit fails to oscillate, reverse either the primary 
or secondary connections. A good transistor will produce a 
tone in the speaker. You may wish to use dip leads in place of 
a socket. 


i-f frequency and can be used 
as alignment signals. 

Transistor Checker 

Fig. 8 shows an outboard 
circuit added to the radio to 
allow in or out of circuit 
transistor checking. If the 
transistor under test will 
oscillate, it is generally good. 
This is a fairly accurate check 
in or out of circuit. Another 
simpler tester can be 
fabricated by merely 
replacing one of the 
transistors in the radio with a 
socket. When a transistor 
close to the type you are 
replacing it with is put in the 
socket, the radio should 
work. This test is only 
accurate for the NPN or PNP 
transistor type being 
replaced, and will only work 
with silicon or germanium 


types depending on what the 
radio has originally. This 
simple tester will not allow 
in-circuit checks at all, but 
the radio will operate 
normally as soon as the 
original transistor is placed in 
its socket. 

Band Opening Monitor 
Fig. 9 shows the schematic 
of a citizens band converter 
that works into the 455 kHz 
i-f of an AM radio. You may 
shudder at the thought of 
listening to the citizens band, 
but it sure is a good band 
opening monitoring device. 
Just buy a crystal for channel 
10 and you will rejoice when 
the DX comes rolling in. 
Crystals are available at your 
handy Radio Shack store for 
a few pennies. Just don’t let 
’em worry you with that stuff 


about what model transceiver 
the crystal is for ... any one 
will do. 

Commercial FM Receiver 
If your radio has FM, it 
can be modified to make a 
receiver that will pick up 
commercial business-band FM 
signals such as police, fire, 
public service, weather, etc. 
Some find the idea of 
listening to these signals more 
appealing than music when 
the radio is resting on the 
bench. Begin the 
modification by changing the 
oscillator coil. Reduce the 
number of turns by 1 /3, then 
bring it on frequency by 
adjusting the spacing of the 
turns and the trimmer 
capacitor on the radio. If you 
can’t measure the oscillator 
frequency with a grid-dip 
meter or equivalent, use a TV 
tuned to channel 7. Watch 
the TV as you tune the 
oscillator; when you can see 
and hear a signal on the TV, 


the oscillator is set around 
175 MHz. The radio will now 
tune around 185 MHz or 165 
MHz, depending on the 
resonant frequency of the 
circuits in the rf amp and 
mixer stages. Reduce the 
number of turns in the rf 
stage and the mixer by the 
same factor as the oscillator 
coil. Tune them in by 
adjusting the spacing and by 
resetting the trimmers on the 
tuning capacitor. Final 
tuneup should come while 
listening to a signal. 

Now that the radio is 
completely modified, it will 
serve you well as a radio as 
well as a handy test jig ideal 
for servicing transistor radios. 
The unit is also perfect for 
the experimenter who may 
need to use one or all its 
functions in checking out 
breadboard circuits. Once 
you master use of all its 
possibilities, it will prove as 
handy on your bench as your 
VOM. ■ 



Fig. 9. CB converter for band opening monitor. 


TELEVISION 
AND FM ANTENNAS 

QUALITY ANTENNAS for tele- 



Allied Sales & Engineering, Inc. 
Dept. 39. Pimento IN 47866 
Telephone 812-495-6555 



500 MHz FREQUENCY SCALER 
Designed by K20AW. P.C. boerd with 
instructions $7. Still eveileble - K20AW 
Counter boerds $15, SWR Computer 
boerds $10. NYS residents edd tex. 
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DAYTON HAMVENTION 
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Frank Passage WB2NTP 
54A Union Avenue 
Little Falls NJ 07424 


Protect Your VHF Converter 

--with a novel antenna relay 


relay is used, the other relays should be 12 V 
also. Capacitor Cl should be selected to 
operate with the coil impedance of RY2. 
(My system used a 300 uF capacitor.) 
Diodes D1 and D2 serve to short the 
transient developed by the collapsing field of 
RY1 and RY2 after they have been turned 
off. 

Although the circuit may look involved, 
it does offer good protection for solid state 
VHF converters. ■ 


T oday’s modern VHF receiving con¬ 
verters are superior in many respects to 
their older tube conterparts. Their noise 
figures are lower, gain is usually higher, 
power consumption is down, and because 
they are solid state, they lend themselves 
easily to portable operation. 

They have one shortcoming: They must be 
protected against transients from the trans¬ 
mitter. This is especially true of converters 
with MOSFET front ends. 

The standard antenna changeover relay 
may not be fast enough. The transmitter 
should be turned on after the antenna has 
been switched and should be turned off 
before the antenna has been switched back 
for maximum protection. Of course, the 
changeover relay should provide a high 
degree of isolation between transmitter and 
receiver ports. 


Fig. I illustrates such a system. The 
theory of operation for the system follows 
(refer to Fig. 1). 

When the push-to-talk switch SI is closed, 
relay RY1 is energized. This energizes relay 
RY2 and partially completes the circuit that 
will allow relay RY3 to be energized. This 
allows the antenna to be switched and the 
receiver muted. Closure of RY2 completes 
the circuit for RY3, energizing it and allow¬ 
ing the transmitter to be keyed. 

When switch SI is opened, RY1 opens, 
opening the circuit for RY2 and RY3. Relay 
RY3 opens, turning off transmitter power, 
but RY2 is held in by the charged capacitor 
Cl. This keeps the antenna connected to the 
transmitter until all output from the trans¬ 
mitter has ceased. 

The relay RY2 can be a Dow Key 12 V 
relay with outboard DPDT contacts. If this 



Fig.). 


$99 Life Sub Is A BUMMER! 


1. You may not live long enough 
to have a LIFE subscription pay 
off for you. Look at it this way, 
at the rate subscriptions are in¬ 
creasing in price yearly it will 
probably take almost five years 
before you will break even at the 
$99 for LIFE rate . . . now 
suppose there is a big WAR in 
1980 and you get zonked . . . 
you’ll have wasted some money. 

2. You want 73 to be the biggest 
and best of the ham magazines, 
right? Okay, if you take advan¬ 
tage of a little slipup of the 
publisher in not increasing the 
LIFE subscription rate several 
years ago when the other maga¬ 


zines increased theirs, you are 
hurting only yourself. If you 
really are serious about wanting 
to buy a LIFE subscription you 
will do best to wait until after 
September 15th and buy it at the 
$149 price. It’s a much better 
investment. 

3. Another big disadvantage to a 
LIFE subscription is that you will 
no longer get those clever renewal 
letters every year. You don’t want 
to miss those, do you? 

4. Other amateurs will hate you. 
The handful of amateurs who 
took advantage of the earlier 
LIFE rates (they started at $37 in 


1960) are just plain impossible 
with their damned smugness. 
Don't take a chance on such a 
thing happening to you. 

5. Heck, you probably bought a 
three year sub at $17.76 recently 
and your stingy nature won’t let 
you buy a LIFE subscription until 
the three years are up. We’re with 
you. Please do not request a LIFE 
plus three year sub just because 
you sent us a Buy Centennial 
$17.76. We urge you to be penny¬ 
wise and pound foolish and pass 
up this LIFE offer. 

6. Read #2 again, we couldn’t 
think of anything else. 


A Much Better Deal 
At $149 00 
WAIT! 

If you are heartless enough to 
take advantage of us and insist on 
your right to subscribe for LIFE 
for $99 . . . send a check, Bank- 
Americard or Mastercharge to 
LIFER, 73 Magazine, Peter¬ 
borough NH 03458. Please add $2 
each for any questions if you 
don’t understand the above. 


$99 LIFE Subscription — offer expires Sept. 15, 1976 □ Check enclosed □ Bill me 


Name 


Call _ 


_□ Bill BankAmericard 

City 

Ct-atO 


_ Zip _ 

_ Interbank _ 

Signature 




_ Card expiration date _ 






I t all started through the 
courtesy of K3CPG. He 
had heard that some teletype 
page printers were to become 
available through the time- 
honored grapevine. With the 
expenditure of a bit of 
physical energy, our home 
was adorned with a large 
black box nicely mounted on 
its own pedestal. Having 
never worked with teletype, I 
was given the short course by 
WA3RMA, 

The first order of business 
was not too tough: Build a 
loop supply. The result is 
diagrammed in Fig. 1. Do not 
omit the 1.0 uF capacitor 
and do not significantly in¬ 
crease its value. The teletype 
machine seems to be the 
home of some rather nasty 
electrical noises, when 
running, and the function of 
this capacitor is to keep those 
electrical disturbances from 
getting into your receiver and 
your terminal unit. 

When I first completed the 
loop supply, I put a key in 
series with it. With the 
machine running I was able, 
by keying, to generate letters 
and numbers in random 
fashion. This did nothing but 
prove to me that the loop 


supply and the machine were 
functioning in some fashion. 

The next step, again taken 
with the help of WA3RMA, 
was to test the machine using 
his TD or tape distributor. 
The RTTY magnet is plugged 
into J1 of the loop supply 
and J2 accepted the TD 
output. The sights and sounds 
of good copy coming from 
the punched tape of the TD 
let me know that the machine 
was in proper adjustment. 

This led to the next step, 
namely building a TU or 
terminal unit that would take 
the output of my receiver or 
tape recorder and let the 
machine do its stuff. 

I had purchased copies of 
two books: Teletype from A 
to Z by Durward J. Tucker 
and the RTTY Handbook by 
Wayne Green. These volumes 
are excellent, and while they 
do have some duplication of 
material, they are comple¬ 
mentary and well worth 
having in your technical 
library. 

Having enough printed 
matter to completely avoid 
re-inventing the wheel, I was, 
however, determined to try 
my hand at designing a TU. 


The requirements were 
low cost, simplicity, solid 
state, and the capability of 
copying wide shift and 


narrow shift. Early in the 
design I decided to try copy- 
ing on one tone only, 
choosing the space tone. Fig. 


Ridiculously Simple 
RTTY System 

- - get on the air in one day 


Allan S. Joffe W3KBM 
1005 Twining Road 
Dresher PA 19025 
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Fig. J. RTTY loop supply. Transformer: Stancor PA-842!. 
Adjust 3k resistor so loop current runs about 60 mA, steady 
state. Note: If you use a metal panel, j-1 must be insulated 
from the panel. 


2 shows the schematic of the 
finished product. 

The input sensitivity is 
such that about 150 millivolts 
will produce RTTY copy. 
However, it is best to use 
enough input to take advan¬ 
tage of the clipping effect of 
the diodes shown as part of 
the input circuit to counter 
the effects of fading on the 
low frequency bands. 

The next element in line is 
the audio filter that selects 
the space tone from the 
RTTY signal and also insu¬ 
lates the unit from QRN and 
other interference. This filter 
owes most of its form to an 
excellent article by Courtney 
Hall (September 1975 Ham 
Radio). 

In his article, he indicated 
trouble with oscillation at 
certain filter settings and boy, 
he was right. I managed to 
cure the problem with the 
0.001 capacitor that goes 
from the junction of the 
1500 Ohm resistor and one 
end of the tuning pot. This 
capacitor to ground made the 
filter circuit stable at all 
settings. The unstable portion 
of the tuning range was the 
low frequency end, and I did 
do enough playing with 
different values of capacity to 
determine that significantly 
more than the 0.001 made 
other troubles, so stay close 
to this value. 

The tuning pot is a 5k 
linear which will allow the 
filter to tune from 1500 Hz 
at the low end to just a bit 
over 3000 Hz at the high end. 


The 1500 Ohm resistor 
connected to one end of the 
pot has the greatest effect on 
tuning range. The 150k re¬ 
sistor connected to the other 
end of the pot mainly affects 
the sharpness of the filter 
peak. Here again these values 
were diddled with enough to 
know that they are “on the 
money." 

The filter is connected in 
the feedback loop of IC1 
which is an 8 pin minidip 
741. Curiosity impelled me to 
see if various ICs of the same 
type would significantly vary 
the filter tuning. The average 
of five different ICS showed 
no significant shift in either 
frequency or peak as the case 
may be. 


The output of this 1C is 
rectified by the diode, and 
the rectified voltage is 
developed across the 15k 
resistor from diode to 
ground. Notice that the 
polarity is negative. In 
passing, I will note that in the 
finished unit I have tried 
bypassing this resistor with a 
small capacitor ranging up to 
0.05 uF with indifferent 
results. You can try this your¬ 
self with the understanding 
that as you approach 0.05 
uF, the circuit starts to lose 
its immunity to QRN of the 
static random impulse 
variety. 

Before we leave this area 
of the circuit, let's examine 
the meter which is connected 
across the 15k diode load. 
This is a very useful item as it 
serves as a tuning meter for 
the TU. The meter is multi¬ 
plied (50 microamp basic 
scale) so that it becomes a 
three volt full scale dc meter. 
With a RTTY signal applied 
to the TU, the tuning pot is 
varied until the meter indi¬ 
cates that the filter is tuned 
to the desired tone. In normal 
operation, the meter will 
show about VA to two volts. 
The reading will vary with the 
incoming transmission char¬ 

'J 


acters, with fading of signals, 
etc. Do not omit this feature 
unless you enjoy headaches 

with your RTTY. 

Up to this point, we have 
selectively filtered the RTTY 
signal, limited it to take care 
of input level variations, 
within reason, and supplied a 
tuning indicator. The next 
step concerns IC2, which is 
another 8 pin minidip 741 op 
amp. 

This stage is used as a dc 
comparator. A negative 
polarity reference voltage of 
about 0.75 volts is provided 
by the voltage divider which 
goes between the minus 
terminal of the split voltage 
power supply and ground. 
When this voltage is applied 
to the designated input of the 
comparator, the output is 
highly positive on pin 6 of 
the 1C. The other input of the 
1C is connected to the recti¬ 
fied signal output of the pre¬ 
vious stage which, as has been 
stated before, is also negative 
in polarity. 

When a RTTY signal that 
can pass through the filter is 
present, and if its value causes 
the voltage applied to IC2 
input to exceed the reference 
voltage from the divider, the 
output of IC2 will imme- 
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diately swing to ground or quite comfortable, thermally 
even a small amount negative, speaking. In the final version. 
The output of IC2 is I chickened out and attached 
directly coupled to the base a symbolic heat sink of thin 
of Ql. When IC2 output is sheet copper approximately 6 
positive, Ql is biased full on cm square in area, 
and current will flow in the That about wraps up the 
printer magnet. When the unit but still leaves some 
output of IC2 is at ground or explaining to do. For wide 
slightly negative, Ql has no shift RTTY, the space tone 
base drive and no current which we are using to pro¬ 
flows in the printer magnet, duce copy is 2975 Hz. The 
Thus Ql acts as a switch other tone you hear is the 
turning the printer magnet mark tone, and for wide shift 
current on and off with the it is 850 Hz below the space 
incoming RTTY signal, hope- tone, or 2125 Hz. When the 
fully creating our objective of RTTY signal is applied to the 
solid RTTY copy. TU, we tune the frequency 

Ql deserves a bit of special pot so that the space tone is 
attention. It is an MJE-340 accepted by the system. The 
which is rated at some 300 effect of the mark tone is 



Fig. 2. RTTY TU. IC1, IC2 - 741 op amps; Ql - MJE-340. 
All resistors A W if wattage not indicated. 


circuit. Its additional virtue You are going to run into 
derives from the fact that two different RTTY trans¬ 


volts and was obtained from acquired by indirection, when the machine is running 

SD sales through an ad in this Hopefully, since the RTTY “closed” it makes a lot less 

magazine. Notice that there is signal is composed of mark noise than when running 

a diode in series with the and space tones, our TU will "open," strictly because there 

collector. This serves to respond faithfully to the is much less mechanical 

protect the transistor from presence of space tones and activity going on within its 

high voltage negative tran- by doing essentially nothing innards, 

sients that may be present will indicate to the RTTY When receiving narrow 
when the current in the machine where the mark shift RTTY, the mark tone is 

printer magnet decays upon tones are in the transmitted not changed, but the space 

opening. To heat sink or not characters. This is what I tone usually becomes 2295 

to heat sink is an open mean by "mark by indirec- Hz which is only a 170 Hz 

question. When the unit was tion.” This has one added separation. It is under narrow 

under development, I had it plus. When no signal at all is shift conditions that you can 

running for some 20 minutes present, the machine will run begin to appreciate just how 

with RTTY going through it, “closed.” This is the equiva- good the simple audio filter 

and the MJE-340 remained lent of a simple "mark hold” really is (Table 1). 


mission types on the ham 
bands, FSK and AFSK. 
AFSK is the simpler mode to 
receive and will be found on 
six meters and two meters 
and possibly higher. 

Basically, in AFSK, the 
RTTY machine at the sending 
end keys an audio oscillator 
to produce the two tones 
usually transmitted. This 
varying frequency audio 
signal is used to modulate the 
transmitter. At the receiving 
end you merely tune in the 
signal in the same manner as a 
voice transmission, apply it to 
the TU, and sit back and let 
the machine do its thing. 

I said that AFSK is by far 
the simpler mode to receive 
for the following reasons. 
Most of us, as I am, are 
burdened with super selective 
receivers for the low bands 
where FSK is used. My re¬ 
ceiver has a selectivity of 
about 2.1 kHz and there's no 
way in the world that 1 am 
going to be able to get a 
decent 2975 Hz audio signal 
through it. This is the reason 
that the audio filter has been 
designed to function effec¬ 
tively down to 1500 Hz. 
What you do is receive the 
signal just like any CW signal. 
In FSK, the transmitted 
carrier is actually shifted in 
frequency and arrives at your 
receiver just like a CW signal 
as far as sound coming out of 
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the audio system goes. With¬ 
out the 8( 0 on, it is just a 
series of clicks. Now, how do 
we solve the dilemma of 
getting a signal out of the 
receiver when I said that my 
receiver won’t pass the signal, 
audiowise, due to the tight 
bandpass? Simple . .. you 
just vary the tuning or the 
BFO until the generated 
audio beat tone is down 
within the tuning range of the 
audio filter in the TU. 

The tuning meter greatly 
facilitates this process, and 
after several tries you readily 
get the feel of what sounds 
right. The procedure for wide 
shift or for narrow shift is the 
same. If your receiver is a 
wide band job, it will make 
the translation process un¬ 
necessary, but you will pay 
the penalty for lack of a 
narrow pass band, namely 
more interference from adja¬ 
cent signals. 

Using this TU, I have 
gotten very good copy from 
W1 AW on their satellite trans¬ 


missions which let one and all 
know what "Oscar" is up to. 
The transmissions I copied 
were aired on Sundays at 5 
pm on a frequency of 3620 
kH/. The first transmission 
used wide shift, and the same 
information was repeated 
after this using narrow shift. 
This is an excellent trans¬ 
mission to use for test copy 
as the signal is strong, clean 
and uses both shifts. 

It is practical to copy a 
signal on a reasonably good 
reel to reel tape recorder. 
During the test period of the 
TU, I would feed the receiver 
both to the TU and the tape 
machine. The taped copy 
gave me a known signal to 
pump into the TU while 
changing parts values during 
the design. From experience, 
I can freely and sadly state 
that all tape machines 
running at a given speed, say 
754 IPS, really do not. Play 
the RTTY tape back on the 
same machine that it was 
made on, to avoid real grief. 



Table 7. Values showing effectiveness of filter when tuned foi 


narrow shift. Space frequency 

If you enjoy suffering, try 
using a run of the mill 
cassette recorder. 

For those inclined to put a 
scope on things they build, 
you should see nothing but 
nice clean square waves 
bouncing merrily at the base 
of Q1. It is the function of 
the 0.04 capacitor at the non¬ 
inverting input of IC2 to 
clean up any RTTY signal 
ripple. Do not increase the 
value of this capacitor. Flow- 
ever, you can drop it down to 
an 0.03 with very little differ¬ 
ence in effect. 


; 2295 Hz. 

You will notice after a bit 
that the rhythm and sound of 
your printer will tell you if all 
is well with the printing 
process. This is particularly 
true if the transmission is 
coming in from a punched 
tape. You will soon learn that 
any radical departure from 
that nice steady mechanical 
chuga chuga chuga means 
that something is amiss. Of 
course, if the transmission is 
manual, this is not true, 
particularly if a hunt and 
peck artist is at the other end 
of the circuit. ■ 


Faster and easier is what we’re 

all about. 



Now, whenever you’d like to give a circuit a try, you can —p—:- 

build it up nearly as fast as you can dream it up with Nn *L t 

Super-Strips™, the faster, easier and less expensive 
solderiess breadboards from A P Products. When you build 
your circuit on a Super-Strip, everything stays as good as 
new. Once you're through, you can use everything again 

and again. Instantly. Put a Super-Strip to work for you. - 

Eight distribution lines handle signal and power, and 128 _ 

five-tie-point terminals can handle 9 ICs and then some. 4 Number 

It's a whole lot easier than printing a circuit and a whole _ 

lot handier than haywire. Better send for a Super-Strip be¬ 
fore the urge to build strikes again. After all, the time you _ 

save may be your own 
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How to Catch a CBer 


--practical hints 


J udging from the title of 
this article, your first 
thoughts were that someone 
finally wrote "An Elementary 
Guide to Catching and Prose¬ 
cuting Your Local Bootleg 
Citizen Band Operator.” He's 
that “good buddy” that is 
wiping out all your neighbors’ 
boob-tubes with his 1 kilo¬ 
watt linear and spreading hate 
and discontent throughout 
the whole area. I'm sorry to 
disappoint you, but this 
article is intended to help you 
catch those CBers who are 
just about ready to turn in 
their skip handles because 
they have had enough of the 
CB retailers’ "big bonanza.” 


This article is from an ex- 
CBer, ex-Novice, and almost a 
General Class ham’s point of 
view on what to do to catch a 
new ham — or if you prefer, a 
CBer. 

My background in CB runs 
the whole interest spectrum. I 
started as a legal call letters 
CBer, progressed through the 
"track down those law¬ 
breakers" period, and finally 
ended up joining their ranks 
as the "Spook.” After 
attending their social gather¬ 
ings for a few months, I met 
the girl of my dreams and had 
the traditional CB wedding. 
One guest remarked that the 
church parking lot looked as 


if the fishing fleet had come 
in because of all the cars with 
CB antennas on them. 
Luckily, my marriage has 
lasted longer than my interest 
in CB. And that is why I 
turned to ham radio and 
away from the “good buddy" 
part of my life in 1972. 

Somewhere in the scads of 
CB articles in the Pop Elec¬ 
tronics magazines, I have read 
that the average life expec¬ 
tancy of a "good buddy” is 3 
or 4 years. That’s from when 
he first gets excited about CB 
until he no longer has any 
interest in it as a hobby or 
way of life. 


During this time the 
average CBer buys a SSB base 
radio, 2 mobile AM rigs, a 
groundplane, tower, rotor, 
and beam antenna, plus a 
linear and all the extra 
goodies to make his station 
the talk of the town. This 
means the fellow can spend a 
couple of hundred or a 
couple of thousand dollars, 
but spend they do in a big 
way. Through this period of 
second mortgaging his house 
to buy CB equipment, the 
“good buddy" can usually be 
found at coffee breaks 
shooting the bull and trading 
QSL cards, going to CB jam¬ 
borees hundreds or thousands 
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of miles away, and making 
himself known for miles 
around by yakking on the 
radio day and night. Then 
along comes about the fourth 
year and the CBer realizes 
that it’s just no fun trying to 
fight the local “channel hog" 
for a break or trying to 
compete with the thousands 
of new CBers on his channel 
just to attempt to talk 15 
miles. Even skip shooting is 
becoming impossible with 
these new fellows and their 
new linears in the local area. 
So the “good buddy” decides 
to sell his station for that 
camera equipment that he has 
always longed for, and his CB 
way of life ends. 

Now this is the chance 
that ham radio clubs have 
been waiting for to pick up 
some new recruits. Hundreds 
of these “good buddies" have 
gotten to the point of selling 
out because of a general lack 
of interest and the enormous 
crowds since the CB boom of 
1976 came along. 

Of course, I am speaking 
of C. W. McCall’s hit record 
“Convoy" (about the CBing 
truck drivers), television’s 
"Movin’ On” with those CB 
truckers Sonny and Will, and 
the country western and rock 
stations across the country 
that are giving CB rigs away 
by the bushel to promote the 
song. And then there are all 
the clubs: CB, custom vans, 
custom 4 wheelers, custom 
pickups, custom VWs, custom 
skateboards, custom motor¬ 
cycles, custom 18 wheelers, 
custom motorhomes; and 
don’t forget airplanes, hot air 
balloons, hang gliders, and 
the ever popular U.S.S. Enter- 
prize “Star Trek” Space Com¬ 
municators with twin warp 
sound for the kiddies. A 
quick analysis of the situation 
leads me to ask these vital 
questions: Is everybody in 
this country a “good 
buddy"? Does everyone drive 
a semi and say “negatory” 
and “10-4”? Is everybody 
from Oklahoma and what is 
bodacious? 


Millions of people are 
"turning off” CB after long 
and illustrious careers (to buy 
camera equipment) because 
of the CB boom. With some¬ 
thing like 500,000 CBers a 
month seeking FCC licenses, 
there just isn’t any place for 
the old timers to go to have 
room to talk. Even the high 
channels above channel 23 
are filling up with sidebanders 
and their funny Donald Duck 
talking. So the “good 
buddies” with their Yaesus, 
Trams, and Tempos try to use 
off channels, ham bands, or 
just give up and finally sell 
out completely. The reason 
always seems the same: all 
their friends are gone and the 
channels are too crowded to 
use. 

So how do the hams 
attract all these CBers into 
their clubs? Let’s find out 
how the average guy gets 
interested in CB in the first 
place. 

The Neighborhood CBer 

Most CBers are drawn in 
by the advertisements in the 
media, or by a friend or 
relative who shows the pros¬ 
pective CBer what fun it is to 
talk on his cute little radio, 
get these nifty QSL cards, 
and use a catchy little handle 
like “Spook’’ or "Li'l 
Goober.” The neighborhood 
CBer takes him to a CB 
coffee break to meet other 
CBers, and later helps the 
new guy buy a rig, put up 
antennas, check swr, fill out 
applications and give him all 
the help he needs to get into 
the CB groove. 

CB Coffee Breaks 

Coffee breaks are family 
style get-togethers usually 
held at pizza parlors with 
food, beverage, a live country 
western band for dancing, 
drawings, and a meeting 
thrown in. The drawings and 
prizes are what bring the 
crowds to the breaks the 
better the prizes, the bigger 
the crowd. Most of the 
money goes to buy more 


prizes, but any left over goes 
to the club to sponsor 
picnics, dances, or campouts. 
Family participation is really 
stressed with all sorts of kids’ 
prizes, food or appliances for 
the wife, and lots of radio 
gear for the hubby. An 
awards ceremony usually 
follows with presentations 
such as Channel Hog Award, 
Rachet Jaw Award, Bucket 
Mouth Award, and the 
coveted All Mouth No Ears 
Alligator Awards. The CB 
family comes home with a 
full stomach after a fun 
evening with friends, and 
with a little luck, all sorts of 
prizes just for buying a few 
bucks worth of tickets. My 
wife and I have furnished our 
kitchen in this manner for 
years - sure saved us a 
bundle. 

CB Jamborees 

Jamborees are the big 
brothers of coffee breaks and 
are usually held at county or 
state fairgrounds. An in¬ 
dividual or club rents the 
fairgrounds, then rents out 


sales space for business and 
controls the food con¬ 
cessions. The club has printed 
thousands of flyers which are 
carried or sent to other jam¬ 
borees all over the country 
hoping to bring droves of 
CBers to this jamboree. And 
not wanting to be left out of 
the “big one,” a typical 
“good buddy” packs up the 
family camper, and family 
and friends caravan a 
thousand miles for a weekend 
jamboree. 

Jamborees are like big fairs 
with something for everyone. 
Activities at most jamborees 
are dealer displays, carnival, 
flea market, kids’ games and 
rides, bed racing, country 
western dances, liquid re¬ 
freshment, and the thrill of 
meeting all those other skip 
talkers eyeball to eyeball. 
Two full days of excitement 
with your friends in a party 
atmosphere for only the cost 
of parking your camper on 
the grounds with hookups 
and buying tickets for the 
thousands of dollars of prizes 
the jamboree has put up to 
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bring in the crowds. The 
family has a great time and 
the “good buddy" comes 
home with a prize or two if 
he buys enough tickets. No 
admissions price, no banquet, 
no expensive hotel room - 
just the cost of getting there 
with the family and tent or 
camper. 

I once had the pleasure of 
writing to the ARRL to tell 
them of the CB jamboree in 
Southern California at 
Bakersfield. This is the largest 
one in California and last year 
brought in around 12,000+ 
people. It cost nothing to 
park the car and go take a 
look see, only to camp and 
buy raffle tickets. The CBers 
put on these free jamborees 
to bring in the crowds (and 
make money), but the ham 
conventions charge for the 
same privilege. 

A case in point: At the 
recent ARRL Pacific Conven¬ 
tion held at the Royal Coach 
Motor Inn at San Mateo, 


California, I telephoned to 
find out about just going over 
to see the exhibits. The 
fellow on the phone told me 
that I couldn’t get in without 
either buying the banquet 
dinner or paying ten bucks to 
see the exhibits. “Out¬ 
rageous!" I said. Why should 
I drive a hundred miles to pay 
and see the exhibits when I 
can look in a ham magazine 
and see the same thing? And 
how is a young person going 
to scrape up the money to 
pay for the privilege of trying 
to get interested in ham radio 
as a hobby? No wonder there 
are so many new CBers if this 
is ham radio's attitude 
towards new members. 

This convention was held 
in one of the most expensive 
hotels in the bay area. It 
would only draw in people 
with the big money to pay 
for it, and how many of us 
are rich these days? I'm sure 
there are plenty of hams who 
either cannot afford the 


fancy convention or are not 
willing to part with 10 hard 
earned bucks just to look at 
radio displays. My letter to 
the ARRL convinced me that 
they are not interested in the 
family aspect of ham radio 
and neither are those who put 
on conventions. It is the 
family activity that has made 
CB so popular and with that 
idea in mind here are some 
suggestions to catch a new 
ham: 

1. Don’t charge admission 
to get into an event for those 
who just want to browse 
around. This discourages the 
people who aren't sure they 
are that interested and who 
would leave rather than spend 
the money. Charge only for 
the lectures and banquet if 
you have to make money, but 
give these people a chance to 
see what it’s all about. 

2. Get your ham club to 
advertise classes for Novices 
and Generals at places where 
CBs are sold with the selling 


point being "Tired of CB? 
Get into the exciting world of 
ham radio with its wide open 
and uncrowded spaces!” 
When they call to find out 
more information, invite 
them over to see your station. 
Sell them so hard that they 
will trade the CB gear for 
ham gear and not cameras. 

3. Don’t ever have a 
Novice class without a 
General class scheduled back- 
to-back. I attended a class 
with 7 disgusted fellow CBers 
who were eager to get into 
ham radio. After we all 
worked hard to get the 
Novice there was no one 
there to help them set up 
their stations and no hope of 
doing what these CBers had 
really set out to do - TALK. 
CBers are talkers and they 
want to get to the talking 
stage as fast as possible or 
find something better to do 
with their time. Get them 
through that grand canyon 
between Novice and General 
quickly so they don’t become 
discouraged and quit too 
soon. 

4. Get the whole family 
interested in your ham radio 
club. Have picnics, parties, 
dances, and get the young 
blood interested in social 
activities. It is the young men 
and women who will be the 
future hams if there is some¬ 
thing to spark their interest. 
Friendship with other young 
people is a great start towards 
sharing the ham experience. 
Get your wife or lover 
involved in social parts of the 
meetings; wives love to get 
involved with other wives at 
social gatherings and yak 
while you’re yakking with the 
men. Here’s your chance to 
sell her on ham radio as some¬ 
thing other than the hobby 
you waste all your time and 
money on. Save the dull 
activities for regular meetings 
and the fun things for the 
family get-togethers. 

I’m certainly not advo¬ 
cating the complete over¬ 
throw of ham radio as we 
know it today. I'd just like to 
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see interest generated from feels that hams talk like com- 

within the clubs rather than puters in 26 syllable words 

having the FCC constantly that scare them away before 

tell us "Use it or lose it." they can learn what those big 

There may be a future in words mean. And you’d be 

their Communicator class surprised the number of hams 

license, but it could also lead that I’ve met through CB 

us right into the mess that CB because they crave the social 

is in today. Then how do we family excitement that CB 

stop it in our bands? has to offer. 

Wouldn’t it be better to But most of all, don't lose 
get your family and friends the Novices before they 

participating in your hobby become Generals. They have 

and also become socially worked hard and you’ve 

active rather than be hiding in wasted your time and turned 

the shack all the time? This is them off completely if the 

a great way to meet the Novice license expires and no 

fellow hams you have spoken one has come forward to 

to but never met. The CBers show them how to get into 

have done this for years with the big leagues. New hams are 

obvious success, and even the out there for the asking; it’s 

square dancers make a family just a case of showing them 

event out of their hobby. It's that you are real people and 

time to get rid of the stuffy, are interested in them person- 

antisocial attitude that most ally. With a little effort in the 

hams have about CBers and right direction those clicks 

show them we are friendly you hear will be energetic 

types who are interested in new Novices rather than ex¬ 
bringing new members into CBers with their Japanese 

our hobby. A typical CBer cameras. ■ 
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A 450 MHz Transceiver 
for Under $130? 

- - bringing 450 within everyone’s reach 


using VHF Engineering kits. 
Because of the success of this 
approach and because of the 
large amount of interest and 
favorable comments received, 
we decided to use the same 
approach for a 450 MHz 
transceiver. Thus, this trans¬ 
ceiver uses the transmitter 
and receiver kits manufac¬ 
tured by VHF Engineering of 
Binghamton, N.Y. These 
kits are a good choice since 
they are inexpensive, reliable, 
easy to build and perform 
well. 

The Receiver 

The receiver used for this 
transceiver is the VHF Engi¬ 
neering RX 432C. It consists 
of 4 basic modules: an audio 
module, a 455 kHz module, a 
10.7 MHz module and a 450 
MHz converter. The first 
three modules are the same 
modules as used in the 2 
meter receiver. The converter 
module is different. The con¬ 
verter module will tune any 2 
MHz range between 420 and 
470 MHz without retuning 
and features a var' 
trolled AFC circuit. 


A UHF 450 MHz FM sensitivity of at least .3 uV. may be constructed by the 

transceiver may be The unit is totally modular average amateur in 16 hours 

built for less than $130 by and may be expanded upon or less, 

following the details given in at a later date to include a 10 

this article. This basic trans- W amplifier, multi-channel The Basic Transceiver 

ceiver is a single channel unit, operation and scanning capa- In a previous article 1 , a 
developing better than I Watt bility. All components are complete modular two meter 

of output, and has a receiver readily available and the unit transceiver was described 



so 


cap C( 










Fig. I. Basic transceiver connections. 


The AFC circuit is 
designed to control the 
receiver crystal oscillator and 
serves to keep it on fre¬ 
quency. It has a maximum 
control or pull in range of 
approximately 3 kHz. 

Since the receiver, with 
the exception of the rf con¬ 
verter module, is the same as 
the VHF Engineering 2 meter 
receiver, owners of the 2 
meter receiver need not pur¬ 
chase a complete 450 MHz 
receiver in order to receive 
450. Only the 450 MHz con¬ 
verter need be purchased and 
substituted for the 2 meter rf 
converter board. If the 
builder wishes, he may use 
both converters and connect 
a switch to select one or the 
other front ends. 

Receiver Multi-Channel 
Option 

The basic 450 MHz trans¬ 
ceiver as shown in the photo¬ 
graphs did not include the 
multi-channel option since 
this option did not arrive in 
time to be incorporated into 
this article. The 450 MHz 
receiver multi-channel option 
differs from the 2 meter 
option in that a separate 
oscillator is provided on the 
multi-channel deck. This 
option may be incorporated 
into the basic unit or it may 
be added at a later date. 
The option adds 10 receiver 
channels to the transceiver. 


Scanner Option 

The latest version of the 
channel scanner from VHF 
Engineering scans 10 channels 
and incorporates a priority 
channel feature. The priority 
channel feature causes the 
scanner to periodically check 
a designated priority channel 
for activity when the scanner 
is locked on another channel. 
If activity is detected on the 
priority channel, the scanner 
will switch to the priority 
channel until the channel 
becomes quiet. It then will 


return to the channel that it 
was previously locked onto. 
The Transmitter 

The 450 MHz transmitter 
uses the same basic circuitry 
as the 2 meter and 220 MHz 
transmitters, but contains an 
additional doubler stage to 
drive the final directly at 450 
MHz. It is rated at a nominal 
1 Watt output; however, the 
units which we have built 
have given outputs in the 2 to 
3 Watt range as measured on 
the Bird Wattmeter. 

The basic transceiver did 
not incorporate an amplifier 
in order to keep the cost of 
the basic unit to a minimum 
and to keep the current drain 
down to a point where port¬ 
able operation using battery 
power would be feasible. An 
amplifier may be added later 
if desired by using the VHF 
Engineering PA 432/10 10 
Watt power amplifier. 
Transmitter Multi-Channel 
Option 

The transmitter multi¬ 
channel option expands the 
basic transmitter to 10 chan¬ 
nel transmit capability. It is 
the same option as used on 
the 144 and 220 MHz trans¬ 
mitters. 


Construction 

The 450 MHz transceiver 
as shown in the photographs 
was built into a standard 
Calectro cabinet and 
measures 9” x 5'A” x 414". 
This cabinet was used because 
its size and construction 
would facilitate easy 
assembly of the transceiver 
without undue crowding. The 
receiver was mounted on the 
bottom panel of the cabinet 
and the transmitter was 
mounted on the rear panel as 
shown. The speaker was 
mounted on the top panel 
projecting upwards, but will 
be moved to a side panel 
location if an amplifier is 
eventually used. The top 
panel would then be used for 
the 10 Watt amplifier 
module. 

VHF Engineering is now 
offering a cabinet specifically 
designed for this transceiver. 
The builder may wish to pur¬ 
chase the cabinet specifically 
designed for these units. 

Hookup 

The hookup for the 450 
MHz transceiver is the same 
as for the 2 meter transceiver 
as shown in Fig. 1, except 
that the high pass filter used 
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in the microphone circuit for 
the 2 meter transmitter is not 
needed for the 450 MHz unit. 
This high pass filter is 
included on the 450 MHz 
transmitter board. (Note: All 
current VHF Engineering 
transmitters now have the 
high pass filter included on 
the PC boards.) 

It is important to use a 


good quality transmit/receive 
relay to avoid excessive losses 
at the UHF frequencies. 
Further, it is important to use 
coaxial cable (520) from the 
transmitter and receiver to 
the relay. VHF Engineering 
can furnish a T/R relay if you 
wish. 

For a microphone, a 
medium impedance dynamic 


unit (also available from VHF 
Engineering) may be used. 
Operation and Performance 
The units that we have 
assembled for use into the 
WR1ABM 450 MHz repeater 
have been performing far 
beyond all expectations. 
Receiver sensitivity as 
measured in the lab has been 
better than .15 uV, while 


transmitter output power has 

been running from 2 to 3 
Watts. Operation, from both 
mobile and base station 
environments, shows that the 
power output from the trans¬ 
mitter is sufficient to main¬ 
tain a full quieting signal over 
most of the repeater coverage 
area. This transceiver has 
shown itself to be very rugged 
and it appears to be equal in 
performance to any solid 
state unit now on the 
market. * 


'g. R. Allen, R. Brown. 73 
Magazine, Jan. 1976, p. 144, 
"Module Kits, A Low Cost Home 
Brewing Breakthrough." 

Parts Lists and Board Layouts 
Space does not permit the prim¬ 
ing of complete parts lists, board 
layouts, and detailed assembly 

$5.95 to 

VHF Engineering 
320 Water Street 
Binghamton NY 13902 
The microphone and T/R relav 
are also available from VHF Engi¬ 
neering. 
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I f I may make reference to 
the first paragraphs of 
Part I of this article (73 Maga¬ 
zine, March, 1976, p. 34), it 
should be easy for you to see 
why my 12 years of design¬ 
ing, adapting, and modifying 
around the basic BC-348 
receiver package could not be 
covered in a single article, 
even if all the failures and 
quasi-successes were left out 
- and I assure you that they 
will be! 

It is my purpose in Part II 
to add one more modifica¬ 
tion, AFC, that we have 
found very useful in copying 
both Oscar and EME signals. 
In addition, since alignment is 
required for this modifica¬ 
tion, and in general tor a 
properly operating receiver, 
I'll throw in a few tips I have 
found very handy in securing 
top performance from any 
receiver - even if the AFC 


David Brown W9CGJ 
RR 5 Box 39 
No blesville IN 46060 


Space Age Junque H 

--updating the 348 by 30 years 


doesn’t interest you. I have 
the sometimes envied posi¬ 
tion of having electronics as 
both my career and hobby, 

and because of this all of my power supply, and M-2, the 
ideas and modifications have audio module, from the 
been checked and evaluated March 73 article). Since all 
both in amateur-equipped modifications are not in all of 
shops and in those using more our receivers at any one time, 
sophisticated lab grade equip- an d the M-# described the 
merit. order in which I tried things, 

My modifications are kept don’t let any missing numbers 
straight by my use of the in these articles bother you. 
letter M (modification) and a The AFC part to be described 
number (you did M- l, the in this article, for instance, is 



Fig. I, Schematic. 


M-3A (M-3B was a transistor 
version). 

The M-3A AFC unit is an 
adaptation from an article by 
W4EPL (QST, March, 1966) 
for the low i-f mixer scheme, 
and another by K7DEP (73, 
October, 1973) for the rf 
discriminator. Whether the 
overall unit is run "open 
loop," and only the tuning 
meter is used for manually 
tuning and correcting fre¬ 
quency, or you later use 
another of my modifications 
(M-4) to change the FIFO 
portion of the BC-348 to a 
varactor oscillator to run full 
"closed loop" AFC, this 
modification makes itself well 
worthwhile. 

When you get your re¬ 
ceiver up to full AFC capa¬ 
bility, you will wonder how 
you ever worked some modes 
without it (e.g., Oscar, EME, 
RTTY, SSTV, FAX, etc.). At 
least I don't remember Wayne 
ever having any articles on 
growing a third and fourth 
hand, and, with one on the 
elevation controls and one 


on azimuth, I find that both 
of mine are full - without 
having to tune a receiver 
drifting with Doppler, etc. 

The AFC is a simple tube- 
type, with a circuit board 
layout to remove the pains of 
punching the chassis, wiring 
terminal boards, and so forth. 
The board is laid out so that 
you can run my 28 V dc 
filament scheme or use your 
6.3 V ac filament line in a 
present receiver, if that is 
how you did your BC series 
rig. The components are all 
common parts, and within 
reason I left pad sizes large 
enough to allow for substitu¬ 
tions (i-f transformers, etc.). 
The mixer-oscillator alone is 
worth the time it takes to 
bring the odd 915 kHz i-f 
frequency of the BC-348 
down to 455 kHz for other 
uses (panadapters, Q multi¬ 
pliers, etc.). The overall board 
size was chosen to fit over the 
dynamotor well where many 
BC-348 modifications placed 
the power supply. I have 
found the external power 
supply (along with its cable) 
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Fig. 2. PC Board (full size). 


to be of no special disadvan¬ 
tage, since an external 
speaker was already called for 
(meaning at least a two piece 
rig anyway). If nothing else, a 
decent size speaker can be 
used in this layout, versus a 
pip-squeak tinny type if you 
tried building it in. 

As with all circuit board 
projects, a minimum of part 
by part construction help will 
be written out. Follow the 
parts list, board layout, and 
schematic carefully, and you 
should encounter no 
problems. A tuned input 
circuit was intentionally 
omitted, so you can put a 
crystal into the unit that is 
455 kHz above the i-f fre¬ 
quency you are going to feed 
in and get an AFC action the 
same as or comparable to 

I will make some brief 
notes on a few of the parts 
and their action, if for no 
other reason than to convince 
the wary that they can build 
projects, substitute parts 
reasonably, and get the 
projects to work. 

Say your junk (sorry - 
junque) box contains a 
crystal on 1375 instead of 
1370 kHz as called out - 


fine, the transformers T1 to 
T3 do have some tuning range 

- try it! R15 is a TW (thumb¬ 
wheel), small, printed circuit 
pot of 2k. I made a nice spot 
for it on the board. If you 
have a place in the BC-348 
(and there are lots of them) 
to put a full size pot or slider 
resistor of 2 to 4k for R15 - 
and you have one - use it! 
The same goes for R20. A bit 
harder to adjust a slider? 
Sure, but time — not money 

— should control what you 
try to do in your hobby, 
shouldn’t it? Often you are 
scared off by a project 
because you don’t have the 
exact parts, and on this one 
you shouldn't be. That is one 
reason (of many) I chose the 
BC-348 as a starting point. 
You need not have dreams of 
dollars with wings (your 
trade-in value) or crying spells 
every time I tell you to take 
drill in hand. The switch for 
AFC time constants (C9, 
CIO, Cx), and the switch for 
the loop (open, closed), 
should be put on the BC-348 
front panel, obviously, but 
the other things coming to 
the outside world can go 
where you want them. The 
meter can go in the panel, a 


box, with the speaker and 
power supply in that panel, 
etc. My S-meter (another 
modification), speaker, power 
supply, AFC meter, etc., are 
all in a box separate from the 
receiver and are at the oper¬ 
ating position (my receivers 
are rack-mounted and 
remote-tuned). 

The parts list describes the 
parts I used and should be 
pretty well self-explanatory. 
One incidental I should men¬ 
tion, however, is that the dc 
output jack can be used with 
a pen recorder - or to drive a 
VCO like the 566 1C, to 
produce a tone that can go 
onto any inexpensive tape 
recorder. I have used the tone 
to track Doppler shifts on 
many of the satellites. It (the 
dc) can also be used as a 
point that gives demodulated 
FSK signals (RTTY fans?). 
Also, the ac output just 
happens to be the FM 
(desired or undesired) of the 
incoming carrier (FM any¬ 
one?). The capacitors shown 
unmarked in Tl, T2, and T3 
come in.the transformers that 
are specified, the CB are 
bypasses as called out in the 
parts list, and R3 is not 
needed if the unit is run off 


the +160 V dc (replace it 
with a jumper wire). The B+ 
at the connection to the 
board should be +160 V dc 
regardless. 

If your present i-f is 
already 455 kHz, or you want 
a 455 kFIz take-off point for 
other projects, include Cl2 
and the jack. If you have 455 
kHz, all of VI and V2 and 
components can be deleted; 
feed 455 kHz into the AFC 
unit through the jack. If you 
don’t, include Cl2 and the 
jack, and use it in the future 
as a 455 kHz take-off point. 

It’s built — now what? 

Now, as promised, the run¬ 
down on noise, alignment, 
etc., for all receivers. Most of 
it we have learned the hard 
way, having either evaluated 
it with lab grade equipment 
and then duplicated it using 
somewhat more crude instru¬ 
ments, or vice versa. Either 
way, the ideas work and have 
been proven out both ways, 
so you can have some faith in 
the premise that they are 
worth your time and trouble. 

First, the AFC unit, since 
it is the simplest and its initial 
alignment can even be done 
while it's completely out of 
the receiver. Hook +160 V dc 




to the +160 point (B+) of the 
circuit board, and the +28 V 
dc or 6.3 V ac to the filament 
point, depending on how you 
put the jumpers into the 
board. M, the meter, should 
be a zero center type; a 
100-0-100 uA was used. If 
new transformers are used, 
feed in the same frequency 
unmodulated carrier as that 
of the i-f you intend to con¬ 
nect to (BC-348, 915 kHz), 
and place the proper crystal 
into the socket (BC-348, 
1370 kHz). A VTVM set for 
minus (-) dc at VI pin 2 will 
tell you if VI is oscillating as 
the grid bias varies when you 
place the crystal into the 
socket. With the new LFO 
running and a moderate signal 
fed in, align T1 and T2 for 
maximum negative voltage at 
pin 1 of V3 and V4, respec¬ 
tively. Remove generator 
input. Set R15 for about 6 V 
dc at the open loop terminal 
of the loop switch (may have 


to be varied later with 
varactors chosen). Set R2 for 
a zero reading on the meter 
for now. Connect the signal 
generator again and, using the 
rf probe on a VTVM or 
scope, tune the primary only 
of T3 for a maximum of 455 
kHz across the secondary of 
T3 (A to C). Do not attempt 
to zero the secondary of T3 
at this time. That’s it for the 
AFC unit for now. 

The basic receiver align¬ 
ment and noise: 

The receiver referred to 
here is our BC-348 series, but 
the ideas and methods used 
work equally well With any 
receiver. First, alignment. To 
do a good job of alignment 
using ham grade test equip¬ 
ment, let the generator stay 
on a minimum of 24 hours, 
and the receiver at least one 
hour. Our receiver runs a 
whole day, and the generator, 
a not too shaggy military 
item, is always running!) Pick 


the tuning range of interest. I 
used the 15 to 15.7 MHz 
region for my 2 meter con¬ 
vertors, such that 145 MHz 
equalled 15 MHz, 145.1 MHz 
equalled 15.1 MHz, and so 
forth. If you want a top- 
notch tunable i-f for con¬ 
vertors, give up the idea of 
using the same receiver as a 
general coverage instrument. 
We aren’t going to “kill” the 
rest of the receiver — just put 
its best kind of performance 
where it counts. 

Use 15 MHz WWV to very 
accurately set your oscillator 
trimmer, and allow one 
minute after each adjustment 
to be sure it stays put! Com¬ 
pression trimmers sometimes 
"relax" after your mechanical 
pressure, as well as torque, 
leaves them. If you have a 
counter, put its probe “near” 
the grid of the mixer and not 
down the oscillator's 
"throat,” as that would pull 
the oscillator off frequency 


from where it will be when 
you remove the counter. If 
you are going to use the 
crystal filter or some other i-f 
filter, have it in and running 
at this point. Monitor the 
AGC line in the receiver — 
don’t use your ears to judge 
alignment or improvement! 
More negative AGC is more 
signal. Keep the generator 
low enough in output to let 
the meter vary with i-f trans¬ 
former adjustments. You 
want the 915 kHz i-f lined up 
on the crystal filter or filter 
you are using, so rock the 
generator around slightly and 
look for improvement - 
output. You won't get such a 
gain drop when the filter is 
switched in this way, and 
those old crystals do age in 
(one of mine is at 913.8 
kHz). Align slowly and care¬ 
fully, getting every tenth of a 
volt more negative AGC that 
you can. Work from the 
audio end toward the rf in 



Fig. 3. Component layout. Some resistors are mounted standing up (e.g., R5). R2 is on copper side (B+ to pin 1 of VI). 
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and do it several times, as 
each time may gain a bit 
more. Remember, a volt of 
AGC increase is a lot of signal 
gain carried to the detector. 

On my BC-348, a good 
AGC reading to maintain 
seems to be about -3 V dc on 
a 0-10 V scale. Adjust a slug 
or trimmer to get maximum 
negative AGC, then reduce 
the generator to return to the 
-3 V dc reading, then do 
another slug or trimmer, then 
return to -3 V dc, etc. This 
seems to maintain a good rf 
level at the detector, without 
saturating or “cramming” it. 
The result is a meter that 
gives good smooth changes 
that are easy to see and 
follow as you are adjusting. 
Follow this procedure 
throughout the low i-f (915 
kHz), and then tune the gen¬ 
erator and receiver to the 
upper limit of interest (15.7 
MHz). 

At this point, align the 
trimmer capacitors on the rf 
tank circuits. You will wreck 
the 13 to 18 MHz tracking 
and gain ability doing so, but 
the 15 to 15.7 MHz region 
will be set up at its best, as 
we wanted. Also, the rest of 
the bands remain unchanged 
(for those who care). You are 
setting up the maximum gain 
L-C condition for your 
tunable i-f, and not trying for 
a general wideband receiver. 

With the alignment done, 
change the front panel rf con¬ 
nector to a BNC or UHF type 
to mate your convertor cable. 
Remove the 100k or 470k 
resistor from the center of 


the old antenna input to 
ground, and discard it. You 
are no longer going to have 
this point tied directly to an 
antenna, much less to a static 
noisy aircraft antenna, and 
the resistors change value — 
sometimes going down to Ik. 
Replace the wire from that 
connector to the first rf can, 
and replace it with a short 
piece of coax (RG-174 is 
fine), with the ground tied at 
the panel end only. While in 
this region of the receiver, 
short the wires on the pot 
mounted to the end of the 
main tuning capacitors (this 
pot helped keep gain varia¬ 
tions down from band end to 
band end — by reducing 
gain!). Another improvement, 
if only small, will be noticed. 

As for the noise cures, 
several noted here apply to all 
receivers. Mass produced 
goods just can’t get hand- 
built care — another reason 
for rolling your own — even if 
you start with the hard 
mechanical part already done. 

The 991 gas voltage regula¬ 
tor used to regulate the B+ to 
the oscillator is the best little 
rf “hash" generator you can 
find, and there it sits, right 
next to the rf and 1st mixer 
grids. (Nobody said the 
BC-348 was perfect as pur¬ 
chased!) The 991 or a 
suitable zener diode replace¬ 
ment must be moved to your 
power supply, but be sure to 
remove the 991 at all costs. 
Clip one of its supply 
resistors so you don’t ever 
accidentally replace it. Use 
another wire of the power 


supply cable to bring this 
oscillator B+ up to the re¬ 
ceiver. A .1 mF capacitor to 
ground should be added to 
the point where this B+ line 
enters the oscillator can, 
where it enters the receiver, 
and where it leaves the power 
supply. Now the oscillator 
should be running on dc at 
least, and the ton of hash 
stays “canned” at the power 
supply. 

The improvement to the 
whole receiver (other bands, 
too) in the noise and racket 
department should be 
dramatic (and include the 
lack of hum, if you used the 
+28 V dc on the filaments as 
suggested). While on the sub¬ 
ject of the +28 V dc, you can 
now try our most noticeable 
improvement for the amount 
of effort! Tune in a fairly 
weak but steady station, 
preferably voice (so you 
don’t need to concentrate on 
CW). Put your dc voltmeter 
on the +28 V dc line and 
begin to reduce the +28 V dc 
by turning the pot down on 
the regulator board. The gain 
available in the audio module 
will go down, as well as the 
thermionic emission from 
each tube. The oscillator may 
move frequency slightly, and 
the overall noise goes down. 
Correct any frequency shift, 
and turn up the volume con¬ 
trol only. Hear the differ¬ 
ence? 

An SASE has become 
mandatory since Uncle Sam 
went to his unlucky “13," 
but I will try to help anyone 
with problems. ■ 



T1-T2- Miller 12C2 
T3-Miller 12C45 
D1-D2 - 1N914 
D3 - 1N755 - zener 
R1 - 100k V 2 W 
R2- 39k y a W 


R3 - as req. 

R4 - 2700 54 W 
R5 - 47k 54 W 
R6 - 18k 54 W 
R7 - 27k 54 W 
R8 - 1 meg 54 W 
R9 - 47k 54 W 
R10- 100k 54 W 
R11 — 27k 54 W 
R12 — 100k 54 W 
R13 — 27k 54 W 
R14- 12k 54 W 
R15 — 2k lin. pot 
R16 - 220k 54 W 
R17- 100k '/4W 
R18 — 100k 54 W 
R19 — 220k 54 W 
R20 — 250k lin. pot 
R21 - 68k 54 W 
Cl - 220 pF s.m. 
C2- lOpF disc 
C3 — 25 pF disc 
C4 - 100 pF disc 
C5 - 39 pF s.m. 

C6 - 350 pF s.m. 

C7 — 200 pF s.m. 

C8 — 0.1 uF mylar < 


,100 


C9 - .22 uF mylar or paper. 100 


CIO - 15 uF elect., 25 to 50 V 
C11 - .001 uF disc 
CB - .1 to .33 uF mylar or paper, 
200 V 

C12 — 100 pF disc 

Assorted switches to suit location 

Loop lopen/closed) - DPDT - 
second half to lamp indicator 
Loop (capacitor) - SP3T — slide 










by Wayne Green W2NSD/1 




EDITORIAL 


uP IN OSCAR 

The next Oscar is being designed 
and built in Germany with help from 
Canada, and they’re putting in a 
microprocessor ... RCA COSMAC 
CDP1801 ... to help sort out the 
input stations running more power 
than they should ... one of the more 
serious problems which have been 
bothering Oscar 7 on the 432 MHz 

The uP will also control the atti- 


About the only way to establish a 
reputation in a brand new field is by 
writing articles and books . . . publish 
and prosper. It's nice not only to be 
paid for the article, but a 


h job o 


suiting as 

Okay, you'd like to make some 
money writing ... and it wouldn't 
look bad on your resume ... or 
perhaps you’d like to get out there 
and really get going in the uP field and 


FORTRAN . .. BASIC 
BEST 


YET? 

ral letters from 
e June issue (page 


icrocomputer design y 


Perhaps you can 
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PROM Memory Revisited 

- - getting back to May’s CW blockbuster 


T he thought of using a CW memory did 
not occur to me until Greg Kordcs 
WA6EEB demonstrated his keyer/memory 
at the local radio club (Newport Amateur 
Radio Society, NARS). Greg's keyer/memory 
utilized a 512-bit random access memory 
(RAM) which was easy to operate and 


program, and generated considerable 

Here was a piece of equipment which 
would complement my keyer, be fun to 
operate, and store those often repeated parts 
of the QSO. 

During the following weeks, I sent for 


some specification sheets and resurrected old 
ham magazines looking for related articles. 
When I first started, I had no idea what 
exactly I wanted or where I was going. All I 
knew is that I wanted a keyer with a CW 
memory and that I had several articles I 
could use for reference. 

My first attempt at building a keyer/ 
memory was a 2560-bil keyer/RAM memory 
which utilized ten 256-bit RAMs. Memory 
retrieval was either automatic, using a 
decade counter and decoder to select the 
appropriate chip, or manual, using a ten 
position thumbwheel switch. An LED read¬ 
out let me see which RAM was being 
programmed or read. My first attempt was 
about 90% completed and operating before I 
found that I was programming the same 
information into the RAM memory every 
time I turned on the power. 

At this point, I determined that my CW 
operating habits did not require the versa¬ 
tility of the RAM and that my memory 
requirements could be satisfied with one or 
more programmable read only memories 
(PROMs). Although the control logic for the 
read modes are similar for RAMs and 
PROMs, PROMs offer a non-deslructrblc 
memory (within their recommended oper¬ 
ating parameters) after their initial program¬ 
ming, without the need to frequently refresh 
the memory as is necessary with RAMs. 

My next CW memory was a self-contained 
1024-bit PROM memory utilizing four 
256-bit Intersil PROMs'. This was so suc¬ 
cessful that I decided to integrate the PROM 
memory with the WB-IVVF accu-keyer 2 . 






reader's memory requirements, space and 

pocketbook allow. 

The keyer/memory described is com¬ 
pletely self-contained and is designed to 
drive grid-block keyed transmitters with 
key-up voltages not exceeding -100 volts. 


The PROM memory section (boards 4 6) 
contains one to three memory boards using 
two Intersil PROMs, an IMm.OOC (356-bit, 
32 words by 8 bits) and/or an IM5603A 
(1024 hit, 256 words by 4 bits) as memory 


for a clock, but the components are not 
installed on boards 4 and 5. The schematic 
of the 256 bit memory. Fig. 2, shows the 

similarities in logic between this and my May 
article. 256-bit PROMs programmed for the 
previous memories can be used. 


SAVE $80,000.00 IN CRYSTALS 

LISTEN TO 16,000 DIFFERENT FREQUENCIES WITH NO CRYSTALS 
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The 1024-bit memory contains approxi¬ 
mately 90 characters of memory. The con¬ 
trol logic for the 1024-bit PROM is such that 
two SI 2-bit programs can be selected by a 
front panel SPST program select switch 
(A/B). Removing W5 on the mother board 
(Fig. 6) and W3 on the 1024-bit memory, 
and adding W2 and W4 on the 1024-bit 
memory will enable the entire 1024-bit 
program instead of two 512-bit programs. 
Looking at the schematic of the 1024-bit 
memory in Fig. 3, notice that the method of 
addressing the PROM (U3) and U4 is slightly 
different than that of the 256-bit memory, 
necessitating a change in the programming 
format for the PROM. The larger PROM 
requires eight programming cards. 

Except for a clock, the memory boards 
are completely self-contained with start/stop 
circuitry, address counters, parallel to serial 
conversion and PROM. 

Memory retrieval for all memories is 
initiated with the appropriate program select 
push-button switch. The program(s) can be 
stopped at any point with the stop push¬ 
button switch. 

Sidetone/Transmitter Keying Circuitry 

The keying circuitry in Fig. 4 is essen¬ 
tially the same as that of my May article, 
with the addition of U2, an NE555 timer 1C 
which is used as a sidetone oscillator, 3 and 
its control transistor Q2. A small speaker 
may be mounted on the board or the chassis, 
or connected through the external speaker 
jack (as illustrated). 

Unused digital inputs (pins 2-5) must be 
grounded to prevent the transmitter from 
being keyed. Since no provisions have been 
made on the board or mother board for 
grounding the unused inputs, the output 


pin(s) of U1 (3, 6, 8 and 11) corresponding 
to the unused input(s) are not inserted into 
the socket. 

Keyer 

This position is "up for grabs.” The 
reader may use his favorite keyer circuit or 
the accu-keyer which is adequately covered 
in the 1974 ARRL Handbook . 4 

My adaptation of the accu-keyer is vir¬ 
tually identical to the original with the 
exception of the board and removal of the 
power supply components (C3, C6, CR2, 
R13 and VR1 in the ARRL Handbook). 

The speed controls for the keyer clock 
and memory clock can be ganged or 
mounted separately. I chose to use an SPOT 
switch and use both techniques (single/ 
double). If your keyer utilizes a nonsyn- 
chronous dock, the memory master clock 
may be used for your keyer also. 

Power Supply 

The 5 volt supply illustrated in Fig. 5 
satisfies the power supply requirements of 
the keyer/memory, supplying 600-900 mA 
with all boards in place. 

As can be seen in the photograph, I used 
a 6.3 V filament transformer for the 5 volt 
supply. These transformers, when used with 
5 volt three-terminal regulators, do not 
provide enough unregulated voltage at the 
input of the regulator to work satisfactorily 
at nominal line at high supply currents. 
There also seem to be large variations 
between similar transformers. The previous 
PROM memory was marginal at low line 
while the keyer/memory did not begin to 
regulate until 125 V ac line voltage. No 
problems with the keyer/memory have been 
experienced operating at 95 V ac with this 
transformer. For this reason and to keep U1 ’s 


dissipation low, I did not replace the trans¬ 
former. However, good design dictates a 
transformer with a secondary voltage of 
7.5-8.0 Vrms and I would recommend using 


Construction 

The keyer/memory is housed in a BUD 
12” x 7” x 4” aluminum minibox. The 
majority of the components are mounted on 
six single-sided 5 W’ x 3” glass-epoxy circuit 
boards. The boards are fabricated to fit 
standard 10-pin card edge connectors with 
.156” spacing. The boards, in turn, plug into 
a 6” x 3>/ 2 ” single-sided glass-epoxy mother 
board mounted against the front panel with 
mating 10-pin card edge connectors. 

Using this modular approach, I have 
changed individual circuit boards and revised 
the mother board without affecting the 
front panel wiring. Also, the boards may be 
quickly removed for repair or inspection in 
just a few seconds. 

The boards, in order of their appearance, 
are as follows: 

1. WB4VVF accu-keyer. 

2. +5 volt logic power supply. 

3. Sidetone/transmitter keying 
circuitry. 

4. 256/1024-bit PROM memory. 

5. 256/1024-bit PROM memory. 

6. 256-bit PROM memory/CW iden¬ 
tifier (includes the master clock for 
boards 4, 5 and 6). 

The power transformer, fuse holders, ac 
connector, panel switches and controls are 
mounted on the aluminum minibox. 

There are 27 integrated circuits and 
approximately 68 discrete components. 

Again, sockets are advisable due to the 
cost of the integrated circuits and PROMs. 
They not only speed troubleshooting when 






NEED HARDCOPY? 


* SHTPC PR-40 ALPHANUMERIC PRINTER * 


If you are one of the many computer 
users who wants hardcopy printouts, 
but can't afford any of the available 
machines, your troubles are over. Our 
PR-40 is a universal printer that gives 
you clear easy to read hardcopy like 
the sample on the right with almost 
any computer. Our printer operates 
from any eight bit parallel I/O port. 
The printer has it s own character 
generator and memory buffer. This 
means that the computers only job is 
to feed data when the printer is ready. 
No special program is needed in the 
computer to convert the data to a 
form that the printer can use as each 
character is printed. The PR-40 is easy 
to use, easy to interface and easy to 
afford. 


* 40 CHARACTERS /LINE 

* 5 X 7 DOT MATRIX IMPACT PRINT 

* USES STANDARD 2 7/8" CALCULATOR PAPER 

* 75 LINE / MINUTE PRINT RATE 

* AUTOMATIC RIBBON REVERSE 

* 64 CHARACTER ASCII CHARACTER SET 

* 40 CHARACTER LINE MEMORV 

* TTL, SHTPC 6800, MITS COMPATIBLE 



PR40 LINE PRINTER KIT.$250.00 PPd 



HOW ABOUT PICTURES? 

Games are more fun with pictures. Now you 
can add graphics displays to your game pro¬ 
grams and on any type computer. Our GT- 
6144 operates from any eight bit parallel I/O 
port. It has its own self contained memory, 
so memory space for the display is not robbed 
from your computer. The 9% x 13 circuit 
board contains all you need to produce a 
graphic display like the one of the starship 
"Enterprise" shown on the left. Kit is less 
power supply, or chassis. 

GT-6144 GRAPHICS TERMINAL KIT . .$ 98.50 PPd 


□ 6800 Computer 

□ GT-6144 Graohic 


$395.00 □ PR-40 Printer $2 
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the need arises but also avoid overheating 
during the soldering operation. 

After assembly, check the power supply 
voltage before plugging in the remaining 

If all parts were purchased new (based on 
the Cramer, Newark, and/or Allied industrial 
electronics catalogs) and you built your own 
printed circuit boards averaging $6 apiece, 
the total cost would approach $225. My 
total investment, purchasing most of the 
parts at electronic discount/surplus stores in 
the Costa Mesa area, was $100. It could have 
been lower but I made some mistakes along 
the way and changed design in midstream 
more than once. 

Printed Circuit Boards 

The artworks for all boards were prepared 
at home using commercially available 
artwork aids. They were taped 2:1 and 


photographically reduced at a local photo 
shop. The artworks were small enough to 
reduce two on one positive, cutting costs a 
bit. 

Using direct positive photoresist-coated 
boards available from the Vector Electronic 
Q>. (CU70/45WE-IR, 7” x 4 W 1/16" 
single-sided glass-epoxy), the boards were 
exposed in my darkroom (bathroom) using a 
positive. Following the instructions that 
came with the boards, I was able to make 
some very outstanding circuit boards. 

After cutting and drilling, 1 tin-plate the 
finished board with Shipley LT-25 chemical 
plating solution*. 

I usually get better results etching with 
ferric chloride than with ammonium persul¬ 
phate. 

With careful planning and the above 
materials, I can produce a production 
quality board for approximately $6, which 


includes the photographic reduction of my 

Programming 

All of my PROM memories have utilized 
Intersil bipolar PROMs whose programming 
procedure forces a resistive shaft through the 
junction of one diode in the memory cell, 
resulting in a logic I at selected locations in 
the memory as determined from the user's 
program. Once the memory cell has been 
programmed to a logic 1, that bit cannot be 
altered (reprogrammed). 

Although design data sheets and applica¬ 
tion notes are available from the manufac¬ 
turer and distributors which describe the 
programming procedures (electrical) in 
detail, the reader will probably take advan¬ 
tage of the custom programming services 
offered through the manufacturer or 
distributor. Programming methods vary from 


























manufacturer to manufacturer and from 
type to type so that the reader will have to 
do some homework and some independent 
research in selecting PROMs. Send for the 
design data sheets and application notes 
corresponding to the PROMs selected. 
READ THESE PROGRAMMING INSTRUC¬ 


TIONS CAREFULLY AND FULLY 
UNDERSTAND THE ADDRESS 
METHODS AS PROGRAMMING ERRORS 
CAN BE COSTLY. The quoted prices from 
R. V. Weatherford included programming 
costs and they supplied the programming 
cards and instructions. 


Standard spacing should be used in 
writing your program: 7 bits for a word 
space, 3 bits for a letter space, 3 bits for a 
dash, and 1 bit for a dot. 

Conclusion 

The size of the memory and the PROM(s) 
used depend entirely upon how complicated 
your memory access is, your pocketbook, 
and your CW operating habits. PROM 
memories, because of their nature, are not 
versatile. For the CW operator requiring a 
versatile memory, PROMs are not the way to 
go unless a large memory is used which can 
be easily accessed. The more complicated 
your access scheme, the more complicated 
the memory manipulations during a QSO. 
Memory access in my case is through push¬ 
button switches, making it fast and fairly 
foolproof. 

There have been about a dozen "good" 
articles on keyers with memories which have 
appeared during the last three to four years, 
and yet none of them has really satisfied 
my memory requirements. They were, how¬ 
ever, invaluable as food for thought. The 
keyer/memory described in this article is the 
result of reading and partially building many 
of these articles which have appeared in 73, 
Ham Radio and QST. 

My primary purpose in writing this article 
was to demonstrate another method of 
building a CW memory so that, if one was 
interested, he could use this and other 
articles to build his own, tailored to his 
operating habits. The keyer/memory 
described has been designed specifically for 
my CW operating habits and is not meant to 
be a "better mousetrap.” 

There is little difference when switching 
from "fist” to memory other than character 
and letter spacing. No one has noticed a 
difference to date, or commented on it if he 
has. 

No RFI problems have been encountered 



Circuit hoards. Clockwise, from upper left: 1024-bit PROM memory, 256-bit 
PROM memory w/clock, 256-bit PROM memory w/o dock, +5 V power 
supply, side tone!transmit ter, Accu-keyer. 
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i-bit PROM memory (full size). 


Fig. 9(b). Component layout. 1024-bit PROM 

































































Fig. 10(b). Component 
layout, +5 volt power 


Fig. 11(a). PC board, sidetone(transmitter keying circuitry (full size). 


Fig. 11(b). Component layout, sidetone (transmitter keying circuitry. 




































































































John T, Craig 
HO Editor 


What’s When 

--timing diagrams 


A timing diagram is one Secondly, we’re going to 

of several “road maps" examine a couple of manufac- 

for digital circuits. Aside turers’ diagrams and discuss 

from providing us with a the interpretation of same, 

"picture" of what a wave¬ 
form should look like at the A Basic Timing Diagram 
output of a circuit, it can also Fig. 1 illustrates the funda- 
tell us the exact conditions mentals of a simple timing 

which exist within a circuit diagram. Perhaps one of the 

for any particular instant in first things worth pointing 

time. The latter can be very out is the desirability of using 

helpful information when graph paper. This will help 

troubleshooting a circuit, you establish a time reference 

Being able to generate a (by assigning a time period 

timing diagram to the point for each division) and cer- 

of determining what the tainly help in keeping events 

output waveform looks like is lined up vertically, which is 

a useful tool in analyzing and one of the objectives, 

learning digital circuits. The arrow at the bottom 

We’re going to be dis- of the diagram indicates time 

cussing timing diagrams from is going from left to right. It’s 

two different angles. First, the only way to go ... there 

we’re going to take a look at aren’t many things as con- 

some of the fundamentals fusing as trying to use a 

and techniques involved in timing diagram drawn the 

generating a timing diagram, other way. (Keep in mind 



Fig. I. A simple timing diagram illustrating the output of a 
3-input NAND gate. 
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that an oscilloscope display is ware man what a program 
also from left to right with and/or flowchart is to a soft- 
respect to time.) ware man. All of them will be 

The diagram illustrates the easier to read and understand 
inputs and outputs of a by others (and yourself, a 
3-input NAND gate, year from now) if there are 
Assuming we had the three comments included. (By the 
input signals down on paper way, the reference to “hard- 
our next step would be to ware” and “software” 
generate the output. Remem- shouldn’t imply that this 
bering the rules for a NAND discussion is aimed toward 
gate (that is, the output will computers. We’re dealing 
go low only when all of the with digital electronics, and 
inputs are high), we begin that covers a wide range of 
examining the input signals equipment and applications.) 
from the left. As long as any 

of the inputs are low, the Timing Diagram Generation 
output will remain high. And, It was evident from Fig. 1 
as you can see, the output that we needed to know what 
drops low when all three are the input signals were before 
high. Signal OPUT (“OUT- we could start. This will, of 
PUT”) is high, indicating an course, hold true for any 
output fun ction is to be per- timing diagram we wish to 
formed. INPT (“INPUT” generate (i.e., the inputs will 
NOT) is high, indicating an be our “known” values, and 
input function is not cur- the other signals - including 
rently being done. And, the output - will be our 
XFER (“Transfer") goes high variables, or “unknowns”), 
to enable the data t ransfer. We have three signals 
The output signal, GATB, coming into the circuit shown 
(“Gate to Bus” NOT) is low in Fig. 2. These are ©1 ( Phase 
when we’re gating data to the 1), 02 (Phase 2), and RST 
bus. (RESET NOT). As you can 

One more point before see, this circuit has a flip flop, 
leaving this basic diagram, and it is very important that 
Notice the comments. Now, you establish in the beginning 
it doesn’t matter if you put the state of that flip flop 
comments with the signal (eithe r set or reset). Note that 
mnemonic or with the wave- RST goes true (low) in the 
form, as shown. But, it’s a beginning to put the flip flop 
good idea to do it... and for in a reset condition. (And, as 
a very good reason. This part of the “comments" in 
timing diagram is to the hard- this diagram, the arrow ill us- 







Fig. 2. Generation of a nonsymmetricai clock. 


trates this.) 

As a suggestion, why don't 
you take a piece of paper and 
cover the waveforms below 
the three inputs, and we’ll see 
if you can anticipate the 
outputs as we go along (or 
better yet, draw them on the 
paper). 

01 has a period of 370 
microseconds. If you grab 
your handy-dandy little cal¬ 
culator and take the 
reciprocal of that, you should 
come up with a frequency of 
2700 Hz. The ANDing of 01 
and 02 (through NAND gate 
IC1) produces the signal 
T2700. So much for IC1 ... 
and doing it first was strictly 
arbitrary. Now, let’s take the 


inversion of 02 (through IC2) 
and generate the clock for the 
JK flip flop. On the trailing 
edge (or “down-clock” or 
“one-to-zero transition”) of 
02 the flip flop will change 
state. It started off in the 
reset condition (because of 
RST) and is clocked_set (i.e., 
Q output high, and Q low) on 
the first trailing edge of 02. 
And, as you can see, it is 
toggled (change of state) two 
more times during the dura¬ 
tion of the diagram. The 
outputs of the flip f lop are 
labeled T1350 and Ti350. 
The signal names in this case 
are derived from the fre¬ 
quency of the output, which 
is 1350 Hz. (The flip flop 


divided the input frequency 
of 2700 Hz by two.) 

In order to complete the 
timing diagram for this 
circuit, we need to AND 
together (through NAND gate 
IC4) t he signals T2700 and 
T1350. Once again, remem¬ 
bering the rule that the 
output goes low only when 
the inputs are both high, we 
generate the signal CLKA 
(which is, of course, a non¬ 
symmetricai clock, or signal). 

Fig. 3 is an interesting 
circuit, a divide-by-three. 
Note that in this case we 
didn't show the reset signal 
(RST) in the timing diagram. 
Regardless, it’s very impor¬ 
tant that you establish the 
starting conditions for the 
flip flops (either set or reset). 
The labeling of various timing 
points (to, ti ... 15) can be 
very useful for reference 
when discussing the diagram. 
Also notice the “comments,” 
the period of the input wave¬ 
form (7.716 usee), the period 
of the output waveform 
(23.15 usee), and the arrows 
indicating which transition 
caused which change of state. 
The divide-by-three function 
of the circuit is evident when 
you see that it took three 
cycles at the input to develop 
one full cycle at the output. 
(If you haven’t seen this 
circuit before, and you find it 
interesting, it’s suggested that 
you examine it more closely, 
because it is definitely a 
tricky little devil!) 

Fig. 4 is an “exercise” 
circuit for those of you who 
would like to try your hand 
at generating a diagram from 
scratch. The “answer” 
(timing diagram) is shown in 
Fig. 6. Assume that all three 


flip flops are in a reset condi¬ 
tion initially, and the input 
frequency of 10.8 kHz is a 
symmetrical square wave. 
(NOTE: Have at least ten full 
cycles of the input signal 
across the page.) 

Interpretation 

There are several tech¬ 
niques regarding timing dia¬ 
grams which haven’t been 
mentioned (but are very 
common) and will help you 
in interpreting others. For 
example, we’ve been using 
the bar (or vinculum) over 
the signal mnemonic to indi- 
cate the not term (e.g., INPT 
= “INPUT NOT”). There are 
several methods in use today 
for representing the true and 
false terms in signal notation. 
Most of them are listed in 
Table 1. 

Fig. 5 illustrates several 
techniques used to indicate 
various conditions or states. 
The first line (DAL 0-7) 
represents the data and 
address lines of an eight bit 
computer. The crossing over 
of the lines simply indicates 
that the data and address will 
be either ones or zeros. This 
is especially true for multiple 
lines (as per the example) but 
can also be used for a single 
line. The signal called SYNC 
in the second example is 
depicted with a broken line, 
which means that the signal 
may or may not occur at that 
particular point. The third 
line (ADDR) illustrates the 
“settling time" for a signal. 
(Settling time is the time it 
takes for a signal to become 
stable after being applied to a 
line or bus.) This is of 
primary concern when the 
signal is initially applied to a 
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Fig. 3. A divide-by-three circuit. 


Fig. 4. Exercise circuit. 










iNTRoduciNq Tht 

MICRO-ALTAIR 



The complete Computer System 
that requires just a keyboard 
and TV monitor for use. 


The MICRO-ALTAIR is: 

The hardware — video terminal interface board, CPU/ROM/ 
RAM board, backplane, power supply and cabinet: 

The software — video driver, debugger, operating kernel 
supplied on ROM; 

The personal computer system — complete, expandable, no 
loose ends — a complete and powerful tool; 

THE SOLUTION BOX FROM POLYMORPHIC SYSTEMS. 

Applications include smart terminals, data acquisition systems, 
games, accounting, front-end for a larger computer-anywhere a 
little processing is required. 

COMPLETE SYSTEM [EXCEPT FOR MONITOR AND ASCII KEY¬ 
BOARD] $575.00 KIT. DELIVERY 60 DAYS - SERIAL I/O AND 
CASSETTE OPTIONS AVAILABLE. 


UIDEO 

TERMINAL 



Go to your local computer store and compare 


Video Terminal Interface — characters are stored in on-board 
memory. Entire screen may be read or written in 20 millisec¬ 
onds, Software includes a text editing system with scrolling 
and insert and delete by character or line. 

VTI/32 32 character line $160.00 kit $230.00 assd. 

VTI/64 64 character line $185.00 kit $260.00 assd. 

VT1/SK Socket kit for VTI kit $ 15.00 

Delivery — 30 days 

Analog Interface — 1 or 2 channels of analog output with 10 
bits of resolutions (0-1OV or +5V with bipolar option), 6 bits of 
latched digital output and 8 analog comparators for software 
controlled A/D conversions. 

ADA/1 1 analog output $135.00 kit $175.00 assd. 

ADA/2 2 analog outputs $185.00 kit $235.00 assd. 

ADA/SK Socket kit for ADA kit $ 10.00 

*n pnc»s and spKihcaWms subjicl to change «ithoui notice frees are US* only 
Caul residents add 6’ sales tai *dd 5% snipping dandling and insurance 

POLYMORPHIC SYSTEMS 

737 S, Kellogg, Goleta. CA 93017 <805) 967-2351 



Fig. 5. Some miscellaneous techniques. 


line, and therefore the fourth 
line illustrates another 
method of showing this, but 
only at the beginning of the 
signal. 

Summary 

Timing diagrams are just 
one of several useful tools for 
evaluating, designing, and 

High True Low True 

Condition Condition 

STRB+ STRB - 

STEP STEP 

EADR NEADR 

CRST CRST' 

INTF INTF L 

INIT "INIT 

Table I. Examples of signal 
notation. 


analyzing logic circuits. It’s 
like anything else .. . the 
more you use it, the better 
tool it becomes. 

If you've been waiting for 
the punch line regarding “the 
illogical characteristics of 
logic circuits," I'm afraid 
there really isn't one. But, 
there are times during the 
course of troubleshooting a 
digital monster that I (and 
others) have been known to 
throw up their hands and 
scream, “Is there really any¬ 
thing logical about this 
mess!??" Usually, after sitting 
down and analyzing the 
“mess” (with a timing 
diagram, or other means), we 
find that there is. ■ 






Fig. 6. Timing diagram for exercise circuit. Hopefully your 
diagram came out the same as the one shown here. Let's 
discuss it briefly. Flip flop #/ divided the input frequency by 
two, and we came up with 5.4 kHz. Flip flop # 2 divided the 
5.4 kHz by two and we now have a frequency of 2700 Hz. In 
order to make this circuit work you must take the input 
conditions to flip flop #3 prior to the trailing edge of the t / 
dock pulse (i.e., a low should have been docked to the "Q" 
output, as shown here). The high output (&l) from flip flop 
#2 won't be docked into flip flop #3 until dock t2 . This 
circuit has generated a frequency of 2700 Hz at four different 
phases. Consider signal “0/ "as 0° Phase, and “07" will be the 
180° Phase. “02" is 90° removed from 0° Phase (and is 
therefore the 90° Phase). Signal "<r)2" is 180° removed from 
90°, and must therefore be the 27 0° Phase. 
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P robably the most frus¬ 
trating problem faced 
when designing digital cir¬ 
cuitry is control of timing. 
After working out a design on 
paper, one usually bread¬ 
boards the circuit to prove it 
out. In accordance with 
Murphy’s well-known laws, 
there will be several logic 
errors which will then be 
apparent but very elusive. 
Depending upon the com¬ 
plexity of the design, the 
errors may be (but usually are 
not) easily located and cor¬ 
rected. 

A number of tools are 
helpful in tracking down 
these problems - the logic 
probe and oscilloscope 
probably being the most 
helpful. A logic probe estab¬ 
lishes the steady-state status 
of various points in the 
circuit, but tells nothing 
about pulse widths or repeti¬ 
tion rates. The oscilloscope is 
used to visually illustrate 
these waveshapes, pulse 
widths, and repetition rates. 
What most scopes do not 
show is the time relationship 
between pulses at different 
locations in the circuit. Some¬ 
times this relationship is 
crucial in searching out a 
problem that may be caused 
by "glitches" (extremely 
short pulses caused by unex¬ 
pected and unwanted time 
overlaps). Well-equipped 
laboratories use special 
multi-channel logic scopes for 
this sort of work, but most of 
us are not equipped with the 
kilobuck pocketbook re¬ 
quired to manage this. Even a 


dual channel high speed scope 
requires a considerable invest- 

While such a scope would 
be most welcome in any 
experimenter’s laboratory, 
most of us must settle for a 
relatively inexpensive general 
purpose scope. Fortunately, 
it is neither difficult nor 
expensive to build an adapter 
to display multi-channel logic 
signals. The adapter permits 
viewing up to 8 channels of 
logic signals simultaneously, 
and thereby examination of 
the relative timing between 
them. Although analog wave¬ 
shapes cannot be displayed 
(you can use your scope with¬ 
out the adapter for this func¬ 
tion), it will show the low or 
high states, in precise time 
positions, of any signals 
present in TTL or DTL 
circuits. 

Almost any general pur¬ 
pose scope should work with 
this adapter, but it is recom¬ 
mended that it be equipped 
with a triggered sweep. The 
viewing of simple repetitive 
signals without a triggered 
sweep can be frustrating 
enough, but attempting to 
lock onto one of eight 
channels being displayed may 
be virtually impossible. If you 
are using a scope without this 
feature, I highly recommend 
that you consider adding a 
new triggered sweep, even if 
you do not build this adapter. 
The attractive scope des¬ 
cribed by W0ACR in 73 
(November/December, 1975) 
includes such a circuit, which 
could be easily added to any 



Robert A. Johnson 
5707- 101A Ave. 
Edmonton, Alberta 
Canada T6A 0L9 


Eight Trace 
Scope 
Adapter 


--test accessory 
for digital timing 


Fig. 1. Schematic. 











scope. Radio Electronics for 
February, 1975 (p. 143), has 
another simple 2 1C sweep 
circuit. Scope bandwidth is 
not critical unless you are 
working with really high 
speed stuff, and a 4 MHz 
bandwidth will let you 
examine almost all you need 
to see. You must have a way 
to externally trigger the scope 
sweep, and you will have to 
find the sweep signal or 
blanking pulse to permit 
changing the input channels 
during the retrace interval. 

The circuit itself is very 
simple: A small capacitor 
couples the scope sweep 
circuit to a voltage com¬ 
parator (you may find it 
necessary to adjust the size of 
the capacitor for reliable 
trace switching). The sweep 
retrace causes a negative 
excursion at pin 3 of the 
LM311, forcing its output to 
go high. Each time this 
occurs, a 16 stage counter 
advances one count. Three 
output bits of the counter are 
connected to an eight-to-one 
9312 multiplexer, which 
selects each input in turn, and 
outputs to pin 15. If most of 
your work is at the lower 
frequencies, use the low order 
3 bits of the counter, instead 
of the 3 high order bits 
shown. When using the 3 high 
order bits, you may use the 
adapter with a dual channel 
scope operating in the "alter¬ 
nate" mode. 

A ladder network com¬ 
monly used for digital to 
analog conversion is used to 
position each channel on the 
screen. The resistors should 
be well matched (i.e., 1%), 
but satisfactory results have 
been experienced with 5% 
units. If your display is not 
evenly spaced vertically, try 
swapping resistors in this net¬ 
work for best spacing. The 
variable capacitor is used to 
compensate for the scope 
input capacitance, and should 
be adjusted for best wave¬ 
shapes. The output potenti¬ 
ometer will not be required in 
most instances, and should 
not be used unless essential. 


Fig. 2(a). PC board (full size). 


Note that a 74161 or 9316 
synchronous counter is 
recommended, rather than a 
7493 or similar asynchronous 
type. It is unlikely that 
propagation delays in an 
asynchronous counter would 
result in viewable glitches on 
the scope in this application, 
but it is good design practice 
to always use a synchronous 
counter where the output 
states are decoded and fed 
back to the counter. 

The adapter may be built 
on a small printed circuit 
board (note the 1C polarity!) 
and installed inside your 
scope. However, it may be 
very conveniently enclosed in 
a small box which can be 
located near and powered 
from the digital project, and 
coupled to the scope via 
cables. You will need the 
usual vertical input cable and 
a sweep-out signal. Many 
scopes have an “Ext" jack for 
horizontal input, which is 
permanently connected to 
the input of the horizontal 
amplifier. When the sweep is 
running, this also happens to 
be the output of the sweep 
generator! 

Should you experience 
difficulty in obtaining a 
stable trace, the sweep circuit 
may not be advancing the 
counter properly. Try a 






Fig. 2(b). Component layout. 
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The Original 8K Low Power Static Memory Kit 
Still at the Low Price of *285. 



8K LOW POWER RAM KIT: 8KLST $285.00 
4K LOW POWER RAM KIT: 4KLST $159.00 
4K EXPANSION FOR 4KLST:4KXST $139.00 


WRITE TO DA VE (K6LKL) 

IITHNICS 


nimmuf •CALIF. RES. ADO SALES TAX I 
P.O. Box 9160. 'MASTER CHARGE - OK k 

Stockton CA 95208 'BANKAMERICARD - OK f 


different spot in the sweep 
circuit first. You may find it 
necessary to invert the signal 
by using pin 2 of the LM311 
(grounding pin 3) if the signal 
is reversed in polarity. The 
74161 counts on a rising 
edge, and reverse polarity will 
cause the channel change to 
occur in mid-sweep, with 
obvious visible distortion. 
You may find experimenting 
with the size of the sweep 
input capacitor to be helpful, 
but be careful to avoid dis¬ 
torting the sweep. The scope 
will not be as bright as usual, 
as the trace is being time- 
shared among 8 signals. A 
slight adjustment of the 
brightness control compen¬ 
sates for this. The variable 
capacitor is adjusted for best 
waveform using a 10 kHz or 
higher digital pulse. A 74151 
multiplexer is functionally 
identical, but not pin com¬ 
patible, with the 9312 unit. 
The LM311 comes in either a 
mini-dip or T0-5 package. As 


the pin-outs are identical, 
either may be used with the 
circuit board shown. 

Using your multi-trace 
scope is a delightful ex¬ 
perience: You see all of those 
signals at the same time, and 
can really tell what is going 
on. Remember that you must 
trigger the sweep from the 
slowest signal you are 
viewing; otherwise, you will 
not be able to sync the slower 
signals. Also, be aware that 
the inputs are not protected 
in any way, and connection 
to potentials outside of the 
proper logic levels will 
destroy the multiplexer 1C. 
Protective diodes may be 
added on the input lines to 
give marginal security, but 
care, plus a socket for the 
9312, are probably adequate. 

The small investment re¬ 
quired to construct this unit 
will be quickly repaid the 
first time you use it to track 
down a problem. 

Happy hunting! ■ 




In aUnivue™ enclosure 

The UNIVUE keyboard/instrumentation enclosure i: 
lesigned to house your keyboard, keypad, low profile videc 
lisplay generator, or small micro-processing system. Great foi 


ur self-contained povu 
I size (excluding feet) is 
.* UNIVUE body is oc 


applications, too! Special design 
ed steel body of rugged two piece 
removable Hush mounting aiumi- 
ibic inches of rear space is available 
r supply and support electronics. 
24x12x3". 

ated with light gray lacquer type 


ith 23x8" mill finish aluminum panel, 
iber feet, all necessary panel mounting 
tips. Shipping weight is 17 lbs., with 
t. Absolutely no back orders! 


$ 32.95 
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The PROM Zapper 

- - build this simple PROM 
programmer 


Q uite a few articles have 
been published recently 
in 73 and other magazines 
wherein a PROM has been 
required. Usually a schematic 
like the one in this article is 
supplied along with instruc¬ 
tions for programming, but 
not the construction of the 
programmer. This is the one I 
built for programming the 
8223 PROM used in my CW 
ID. (See 73, July 1976, page 
58.) The 8223 PROM is a 32 
word by 8 bit memory 
element. It is similar to the 
circuit in the Signetics 
Bipolar Memories book, but I 
added a built-in 5 volt 
regulator and a low current 
LED to verify the output 
programming. The switches 
are also somewhat different. 
The only power needed is a 
regulated 12.5 volt supply or 
auto battery. 

Construction 

The programmer is built in 
a 4" x 6” x 2" aluminum 
chassis. A parts layout is 
given, but may be altered to 
suit your own taste, 
depending on the enclosure 
used. All wiring is point-to- 
point, with only one PC 
board used. The PC board has 
a socket for the 8223 and 
also provides solder pads for 
wiring. 

First, lay out the top 
panel. Then drill the holes for 
the switches and LM309K. 
Drill two 7/16” holes and file 


to a rectangular shape for the 
1C socket to fit snug. Using 
the PC board as a template, 
mark and drill the two 
mounting holes. Drill a hole 
somewhere on the panel for 
the LED and two holes on a 
side panel for the power 
connections. Deburr all holes 
and cutouts. Apply lettering 
if desired. 

Mount all the parts on the 
chassis with appropriate hard¬ 
ware, using insulated washers 
where necessary. A few 
ground lugs will also help. 
Install the resistors, 
capacitors and LED first, 
then wire the output selector 
switch, using color-coded 
wire to avoid confusion. Then 
wire the address and program 
switches, the Vcc and ground 


lines. 

Operation 

Recheck all your wiring 
and then program according 
to the following instructions: 

1. Connect programmer 
to a regulated 12.5 volt 
source. 

2. Set the PROGRAM- 
VERIFY switch to OFF. 

3. Insert the 8223 to be 
programmed in the socket, 
paying attention to the 
location of pin 1. 

4. Set the ADDRESS 
switches to the proper word 
to be programmed. 

5. Set the OUTPUT 
switch to the output to be 
programmed for the corres¬ 
ponding word. 

6. Set the PROGRAM- 


VERIFY switch to 
PROGRAM. 

7. Momentarily depress 
the PUSH-TO-PROGRAM 
switch to program a logic 1. 
(Do not exceed 1 second.) 

8. Set the PROGRAM- 
VERIFY switch to VERIFY. 
The LED will light indicating 
a logic 1 has been 
programmed. Set switch to 
OFF. 

9. Repeat steps 4 through 
8 to program the rest of the 
chip. 

Only logic Is need be 
programmed as the chip 
comes with all outputs at a 
logic 0. Also, by using the 
VERIFY position, 
pre-programmed chips may 
be tested and a truth table 
made up. ■ 



Fig. /. 8223 PROM programmer schematic diagram. 
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TDL IS PROUD TO ANNOUNCE THE REVOLUTIONARY Z-80 CPU CARD, 
AN ALTAIR/IMSAI COMPATIBLE CPU CARD FEATURING THE POWERFUL 
Z-80 uP PRODUCED BY ZILOG INCORPORATED. WHAT’S SO REVOLUTION¬ 
ARY ABOUT THE Z-80? A LOOK AT THE FOLLOWING COMPARISONS 
WILL SHOW YOU: 


Comparison of the Zllog Z-80, Intel 8080, and Motorola 6800CPU chips 


| NUMBER OF: 

Instructions 
Internal Registers 
Addressing Modes 
Voltage Required 
\Standard Clock Rate 
\Clock Phases 
\Clock Voltage 

iDynamicRAM refresh and timing signals 
without slowing down CPU or 
requiring additional circuitry 
Single instruction memory to memory and 
memory to I/O BLOCK TRANSFERS 
Single instruction SET, RESET, or TEST 
of any bit in accumulator, any 
general purpose register, or any 
external memory location 
\Single instruction BLOCK SEARCH of 
any desired length of external 
memory for any 8-bit character 
Non-Maskable Interrupt and TTL 
compatible inputs 
Internal sync of inputs and direct 
strobe of outputs 


ADDITIONAL FEATURES OF THE Z-80: 

• Up to 500% more throughput than the 8080A 

• Requires 25% to 50% less memory space 

• Three modes of fast interrupt response plus a 

• Outperforms any other microcomputer in 4-, 


n the 8080A CPU 
>n-maskable interrupt 
16-bit applications 


As you can see, the Z-80 is a very 
powerful and fast uP - in fact its a NEXT 
generation microprocessor. And its 
available to you in a totally compatible 
format, NOW. Just unplug your current 
CPU card, plug in the Z-80 CPU, load 
a program, and you're up and running - 
with a NEXT generation uP. The power 
and versatility of the Z-80 is unequalled 
in the uP field, and it opens the door to 
tremendous developments in the state of 
the art. More powerful, faster, and less 
memory consuming versions of your 
current 8080 software are just a part of 
the possibilities the Z-80 provides. (TDL's 
own 8-K BASIC for the Z-80 will be 
available in September.) 

Each Z-80 CPU kit comes complete with: 

• Prime commercial quality boards. 1C 

• easy to follow instructions 

• Zilog's Z-80 Manual 

• Schematics 

• An easy to understand and apply user's 
guide 

• TDL's Z-MONITOR on paper tape (soon 
to be available in deluxe PROM version) 

• And membership in the Z-80 user's 
group 

Move up to the Z-80. Only $269. 

THE FASTEST RAM? The high speed 
capability of the Z-80 demands an extra¬ 
fast RAM to back it up, and TDL's new 
Z8K RAM board fills the bill. The Z8K is 
an 8K by 8 static RAM with the fastest 
access time in personal computing - 215ns. 
Its the only RAM in personal computing 
fast enough to let the Z-80 run at full 
speed with no wait states. If that isn't 
enough, it also happens to be one of the 
lowest powered RAMs around as well. 
Only 150 ma typical current load on the 
5V supply. That makes the Z8K run cool 
-and perfect for battery standby opera¬ 
tion as well. Other so-called "low power" 
4K RAM boards can’t compete with these 
specs Its the perfect match for the Z-80, 
and its features and low cost make it a 
perfect match for ANY uP. (It's fully Altair 
bus compatible of course...) Price: Only 
$295 

WHAT ABOUT QUALITY? All TDL 

products share one thing in common - 
exceptionally high quality The quality 
starts with engineering that is dedicated 
to keep your system state of the art at the 
lowest possible cost. Consider also the 
"Qual Division" whose ONLY purpose is 


to keep TDL's products the best in the 
industry. And our products use only the 
finest boards available, prime components, 
sockets for all ICs, gold plated edge 
contacts and other earmarks of a 
commercia I grade product. And its backed 
by a solid 90 day guarantee on parts and 
materials. 

SAVE MONEY NOW Order both a Z-80 
CPU card, and one or more Z8K RAM 
boards before September 1st, 1976, and 
you can deduct 10% on the total cost. Act 


not apply to COD orders.) 

HOW TO ORDER Just send check or 
money order, or use your BankAmericard 
or Mastercharge, and your orders will be 
shipped to you postpaid within 30 days. 
COD orders must be accompanied by a 
25% deposit. Your credit card order must 
include the serial # of the card, expiration 
date, and your order must be signed. New 
Jersey residents add 5% state sales tax. 
For more information, send for our free 
catalog. 

Dealer Inquiries Invited 


now while this special offer lasts. (Does 

TDL _ 

(609) 392-7070 /TECHNICAL DESIGN LABS INC. 

/ 342 COLUMBUS AVENUE 
/ TRENTON, NEW JERSEY 08629 




























Allan S. Ioffe W3KBM 
1005 Twining Road 
Dresher PA J9025 


Character or Function ASCI I character to match 
Baudot code 


A 

Cor# 

B 

Y or 9 

C 

N or period 

D 

1 or ) 

E 

A or ! 

F 

M or carriage return 

G 

Z or : 

H 

Tor 4 

1 

& or F 

J 

K or + 

K 

Letter 0 or / 

L 

R or 2 

M 

\ or < 

N 

Lor , 

0 

X or 8 

P 

6 or V 

Q 

W or 7 

R 

J or line feed 

S 

E or % 

T 

P or Zero 

U 

G or ' or Bell 

V 

A or > 

W 

S or 3 

X 

= or] 

Y 

U or 5 

Z 

Q or 1 

CR 

H or ( 

LF 

B or " 

Letters 

- or ? 

Figures 

;or [ 

Space 

D or $ 


Table 1. ASCII keyboard characters which will produce 
corresponding Baudot characters. Only bits one through five 
of the ASCII character are used. 


Sneaky Baudot 

--with an ASCII keyboard! 


H ere are some 
apparently unrelated 
items to fit together. 

1. From what I have 
heard and copied RTTY-wise, 
most of us hams are not the 
world's greatest typists; hunt 
and peck sounds like the 
order of the day. 

2. The April '76 issue of 
73 Magazine has a great idea 
article on a RTTY generator 
by WA6JMM. 

3. There are lots of 
keyboards around but they 
mostly spit out their dope in 
ASCII whilst we ply our trade 
with Baudot. 

4. There are splendid 
circuits for getting Baudot 
from an ASCII keyboard, but 
they tend to be exotic and 
mildly expensive. 

If we are willing to 


compromise our aesthetic 
sensibilities just a smidgin, 
accept hunt and peck as a 
legitimate life style, we can 
take the ASCII keyboard, 
rearrange the key caps a bit, 
throw away bits 6 and 7 of 
the ASCI I code, and feed the 
result into the versatile TTY 
generator of WA6J MM. 

The accompanying table 
shows the cross referencing of 
Baudot to the first five bits of 
the ASCII code. Naturally 
you will have a lot of keys on 
the standard ASCII keyboard 
that you will have no use for 
as the entire Baudot budget 
uses but 31 keys. Notice that 
at least two of the ASCII 
keys will produce the same 
Baudot code group character, 
which gives you some choice 
as to how to lay out your 
revised keyboard. ■ 







C. L. Robertson KJMRK 
6 King Richard Drive 
Londonderry NH 03053 

Steve Ciarcia 
124 Hebron Ave. 
Glastonbury CT 06033 


Simple Graphics Terminal 

--using inexpensive surplus equipment 


S everal designs have been 
presented in the past 
that would, in one way or 
another, allow the display of 
graphical data on a CRT. 
Although these several 


approaches will accomplish 
the stated objective, each has 
the shortcomings of requiring 
the builder to fend for 
himself when it comes to the 
actual output device to be 


used. The graphics display 
described in this article takes 
advantage of a group of 
ready-made subassemblies, 
which when interconnected 
and properly interfaced with 
the graphics driver portion of 
this project, will result in a 
first class graphics display 
with capabilities far in excess 
of those attainable with a 
simple oscilloscope 
adaptation or a raster-scan 
television readout device. 

To illustrate that point, 
consider the following. The 
raster-scan home television 
type display, such as that 
used in several popular 
alphanumeric displays, can be 
used. But, the display is 
overly complicated and will 
appear as a connection of 
blocks rather than as pure 
line segments. Consequently, 
since graphics display implies 
a random display, a single 
memory cell is required for 
every defined location on the 
screen, with the block size 
determining the maximum 
number of locations and 
hence, the resolution. The 
finer the detail required, the 


smaller the blocks and the 
more memory cells required. 
If the complete screen is to 
have 256 elements or blocks, 
these individual units could 
be defined by four bit X and 
Y addresses and 32 bytes of 8 
bit memory. The resolution 
in a display with these few 
points would be terrible. 

An 8 bit microprocessor 
works best with multiples of 
8 bits. If we, therefore, made 
a display incorporating an 8 
bit X address and an 8 bit Y 
address, it would fit nicely 
and be easy to work with. 
This display would be of 
fairly high resolution since it 
now has 65,000 discrete 
locations. The only 
complication is that it will 
require 8K bytes of memory 
to store, regardless of the 
picture being displayed. This 
will always be the case in any 
digital storage system. The 
computer must account for 
every dot on the screen (65K) 
and, depending on whether 
there is a one or a zero stored 
in the memory location 
defining that spot, it will 
make it either black or white. 
Additional information is 






required if gray tones are 
involved. 

A much better system is 
one which incorporates this 
same high resolution but does 
not have to provide storage 
for anything other than the 
actual displayed points. The 
one described here is just 
such a system. 

What Is Graphics Display? 

Everybody knows what a 
graphics display is, right? We 
all know that a graphics 
display will allow us to 
observe phenomona in that 
familiar Etch-A-Sketch 
format drilled into us since 
kindergarten days. Using 
appropriate input signal 

conditioning, a graphics line segments that will make of electronic subassemblies CRT Graphics Driver 
display can be just about up the desired display of that include all of the basic The graphics driver is the 
anything we want it to be ... information. electronic items needed to interface between the actual 

from a simple tic-tac-toe It should be noted that construct the X-Y display display and the micro¬ 
pattern to a very complex this article and the graphics portion of this project. These processor. It translates the 

schematic or logic diagram, display described are the subassemblies include all of binary coded coordinates 

We can even play games such result of the joint efforts of the power supplies, both high presented to it through 

as Space War and tennis, the authors to pull together and low voltage, the vertical software routines to analog 

display a graph of the current the many bits and pieces of and horizontal deflection voltages which position the 

stock market trends, plot pertinent information and amplifiers, a special yoke for CRT beam appropriately, 

temperature and humidity, ideas which abound in the the magnetically deflected This driver is a fairly simple 

and on and on. field today. We've drawn on 12” CRT, four PC cards, a system designed to draw line 

That’s terrific. Everyone ideas, and in some cases used chassis and base to hold these segments with a very high 

should have one, you say? portions, of previously subassemblies and a neat degree of resolution, yet 

Agreed. The following described circuits to arrive at enclosure to hide all of the requires only beginning and 

paragraphs will describe, in the final configuration above. Also included in the ending cartesian coordinates 

sufficient detail, a method presented here. Our only package price is a keyboard, to define that line segment, 

whereby the average claim to originality is that we ASCII encoded, with an For example, a line running 

experimenter can acquire all have integrated these various enclosure that fits nicely with diagonally across the CRT 

of the parts and data into a workable, the rest of the equipment, screen from upper left to 

subassemblies needed to practicable and AVAILABLE Complete data in the form of lower right (-X,+Y to+X,-Y) 

construct just such a device, piece of equipment intended schematic diagrams for each requires only four eight bit 

Basically, this graphics to do a specific task well, but subassembly is included. As bytes to define the line. Beam 

display consists of a group of also have a degree of received from Suntronix, position is proportional to 

ready-made subassemblies expandability for new these subassemblies will inter- the analog voltages applied to 

which, when modified per the techniques of the future. connect without major the inputs of the deflection 

instructions contained herein, So much for the commer- modification to provide the amplifiers. The digital to 

will result in a very hi$i cial. Now it’s time to get on basic X-Y display. So, first analog converters (DACs) in 
performance X-Y display, with the description of the thing to do is fire off an order the graphics driver convert 
The readout device is a 12” project. We’ll start with the to Suntronix for the com- the eight bit coordinates to 
diagonal TV-like CRT with a basic CRT display, since that plete package of sub- the analog voltages they 
very bright green-blue trace, is the easiest portion. What assemblies. represent. Continuous 

This CRT has a medium could be easier than simply Now the hard part. You scanning of a series of these 

persistence, which is desirable sending off an order for a must decide whether you values connects many 
in the interests of flicker couple of boxes full of want to build the CRT driver individual line segments to 
reduction. Additional already constructed gear and from scratch or order one produce the desired figures or 

electronics are described to waiting patiently for the from Suntronix. Whichever pictures or whatever, 

transform the output order to arrive? Well, there’s a route you choose, you should Additional circuitry is 

instructions from any wee bit more to it than that, read the following technical included to assure a relatively 

microprocessor into the but not much. Suntronix description anyhow, so put uniform beam intensity 

analog voltages and Company (Londonderry, off the hard part (the regardless of where the beam 
positioning signals used to N.H. and Lawrence, Mass.) is decision-making) and is commanded to go. Also, 

actually produce the various once again selling a package continue to read. blanking of unwanted beam 
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Fig. 2. Vector generator. Note: A1-A10— pin 7. to +5 V, pin 4 to-15 V; A16-A17, A 21, A 22 — 
pin 14 to 45 V, pin 7 to ground; A20- pin 16 to+5 V, pin 8 to ground. 


movements is included. used to output the binary ordinates continuously. If 

position coordinates to the there are too many points, 
Input Registers and DACs driver eight bits at a time; the display will appear to 

The graphics driver has first an X position, then a Y blink or jitter. The CRT’s P31 

been designed to be driven by position. Together, these phosphor helps to correct this 

any eight bit microprocessor sixteen bits represent the X,Y condition by allowing more 

such as the 8008, 8008-1. It beginning position of a line time between refresh cycles, 

is compatible with any faster segment. Next, the computer This will be helpful to people 

eight bit machine so long as outputs the X,Y values of the with slow computers! 

the software scanning ending position of that line Four instructions are used: 
routines do not exceed the segment and the driver un- Xmove, Ymove, Xstore and 

processing and analog blanks the CRT beam to Ydraw. They are actually 

conversion time of the driver. allow display of this motion four output strobes from the 

Though somewhat modified, between the start and end computer which are enabled 

this circuit is based upon a positions. Since this display is by the transfer of position 

similar design by Hal software driven, the total data to the graphics driver 

Chamberlin and presented in number of displayed lines is a storage registers. When 

the first three issues of TCH. function of the computer’s Xmove (the I/O instruction 

Basically, the design is a speed. Refresh of the display outputting data to whatever 

software graphics driver. is accomplished by having the output port is chosen) is 

Computer instructions are computer scan the co- executed, the contents of the 



Fig. 3. 
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microprocessor’s accumulator 
are transferred via the eight 
bit data bus to an eight bit 
register, A13. Next a Ymove 
is executed and the 
accumulator contents are 
transferred to All. Connected 
to these registers are two 
eight bit DACs, A14 and 
A15. The converters free run 
and will follow any change in 
value of the input registers. 
Within a few microseconds of 
data input, the respective raw 
X and raw Y voltages will 
have settled out and now 
represent, in analog form, the 
digital X and Y coordinates 
from the computer. As the 
instructions implied (Xmove 
and Ymove), the beam 
position changes to follow 
this new input but is not 
displayed since the beam is 
blanked during this period. 

The actual analog voltage 
is a function of the 1408L8 
DAC. This device behaves like 
a programmable current 
source set by the reference 
current at pin 14. In this 
particular design, the 
reference current is 
approximately 2.0 mA. 
Binary inputs to the DAC 
provide the equivalent 
fraction of the reference 
current at the output. For 
example, if the input to the 
DAC were 00100000, the 
output current would be 
32/256 of the reference 
current. This signal is more 
useful and manageable in 
voltage form. That’s the job 
of op amps A1 and A2. These 
op amps are configured as 
current to voltage converters 
with adjustable gain and 
offset. With an input of 
00000000 binary, the output 
should be adjusted to a value 
of -2.5 volts. Adjusting the 
gain and offset trimmers 
alternately will produce the 
desired results. Conversely, an 
input of 10000000 should 
produce an output of +2.5 
volts. This voltage range is 
not compatible with the 
display deflection amplifiers 
as received, and will be scaled 
by additional circuitry in the 
display driver electronics. 





Vector Generator 

The raw X and raw Y 
voltages from the DACs go to 
the vector generator which 
uses CD4016 quad analog 
switches. These switches are 
controlled by Q1, Q2, Q3, 
and Q4, a level shifter that 
changes the voltages from 
TTL levels to MOS levels, 
required by the CD4016s. 
Each switch section consists 
of a signal input and output 
terminal and a switch control 
terminal. When this control 
terminal is at +7.5 volts, the 
switch is on, and when the 
control terminal is at -7.5 
volts, it is off. A DM8800 
level shifter could be used in 
place of the four transistors 
and associated components if 
you can find it. The 
Suntronix graphics driver uses 
the transistor version in the 
interest of simply being able 
to obtain the parts readily. 

In the quiescent state, 
switches 1 and 3 are on, 2 is 
off, and the output of the 
vector generator is equal to 
the raw input voltage. When a 
Ydraw is executed, A20 fires 
for approximately 20 
microseconds and turns off 

Jdl, 2 o 


switches 1 and 3. During this 
one shot period, raw X and 
raw Y voltages are settling 
toward the new input values 
loaded into the registers. 
These values correspond to 
the end point of the line 
segment. The display is still in 
a blanked state, and with 
switches 1 and 3 off, the 
vector generator is acting as a 
sample and hold circuit in a 
hold condition with the out¬ 
put constant. 

When the first one shot 
times out, it fires A21 which 
has a period of approximately 
100 microseconds. While A21 
is on, the beam is unblanked, 
switch 2 turns on, and 
switches 1 and 3 remain off. 
In this state, the integrating 
capacitor at A9 starts 
charging through switch 2 
along an exponential curve. 
Even though this voltage is 
actually 2 times the new raw 
value minus the original raw 
value, the one shot’s period is 
adjusted to time out at the 
correct end point voltage and 
provide the appearance of a 
straight line. The fact that the 
output voltage changes along 
an exponential curve is 


irrelevant as long as both axes 
are identical. At the con¬ 
clusion of this one shot 
period, switch 2 turns off, 
switches 1 and 3 turn on, and 
the display blanks again. The 
output voltage readjusts itself 
to exactly the new voltage 
through switch 3. 

The driver electronics, to 
this point, have been set to 
produce minus and plus 2.5 
volt signals for octal inputs of 
000 and 377 respectively. 
This five volt magnitude is 
incompatible with the 
deflection amplifiers as pur¬ 
chased. The purpose of A6 
and A10 is to scale and offset 
the vector generator outputs 
so they are within 0 to -3 
volts as required. Each op 
amp is configured as a non¬ 
inverting summing amplifier. 
The span adjustment 
alternates the 5 volt absolute 
magnitude from the vector 
generator to 3 volts (plus 1.5 
volts to -1.5 volts). The offset 
pot is then set to produce an 
offset of -1.5 volts with no 
signal in. The resulting signal 
level will be minus 3 volts for 
an octal 000 input and 0 volts 
for an octal 377 input. These 


two settings, as well as the 
gain and offset adjustments 
of the D to A converters, are 
best done by loading single 
values in the registers and not 
trying to program an actual 
display. 

The vector generators will 
need slope and end match 
calibration. It is easiest to 
adjust the vector generator if 
a square with diagonals from 
corner to corner is displayed. 
The worst case for the driver, 
and hence the optimum case 
for calibration, is the display 
of a square with full scale 
coordinates. A square with 
two diagonals can be drawn 
with 6 line segments and is 
illustrated with full scale 
octal coordinate numbers in 
Fig. 5. The brute force 
display method is to write a 
program which treats each 
line segment as a separate 
entity and outputs the 
display coordinates to the 
driver sequentially. For this 
particular square, the program 
would do successive outputs 
from the accumulator of 
Xmove, Ymove, Xstore, and 
Ydraw, respectively, for the 
following series of octal 
coordinates: 
000,000,000,377 (line seg¬ 
ment 1); 000,377,377,377 
(line segment 2); 
377,377,377,000 (line seg¬ 
ment 3); 377,000,000,000 
(line segment 4); 
000,000,377,377 (diagonal 
line segment 5); and 
000,377,377,000 (diagonal 
line segment 6). Repeat con¬ 
tinually for a constant 
display. 

This again is the worst case 
display and requires optimum 
performance from the driver. 
End point timing problems 
will appear either as under- or 
over-shoot of line segment 
length and can be com¬ 
pensated by adjusting the end 
match pot on A21. Slope 
problems will result in the 
diagonals of the square not 
meeting in the corners. Slope 
adjustments are made with 
the appropriate pots at A5 
and A9. It is important not to 











A1-A10 LM301A Op amp 

A11-A13 74100 8 bit Reg. 

A14-A15 1408L8 8 bit D to A converter — Motorola 

A16 7437 Quad NAND 

A17 7404 Hex inverter 

A18-A19 4016 CMOS quad analog switch 

A20 74123 One shot 

A21 74121 One shot 

A22 7410 3 input NAND 

All resistors 'A W 5% unless otherwise noted. 

All variable resistors are trimpots or equivalent. 

Fig. 4. Parts list for graphics driver. 


substitute any operational 
amplifiers which may have a 
slower frequency response 
than the LM301A’s because 
this will compromise the 
driver’s ability to track large 
changes in input coordinates 
and will attenuate full scale 
response. An additional area 
of concern is power supply 
bypassing and grounding. The 
largest ground plane and 
thickest wire appropriate for 
connecting grounds will result 
in the least noise and the 
cleanest display. Bypass 
capacitors (.1 microfarad/25 
volt) should be placed 
between supply voltage 
points and the ground plane 
at a number of locations on 
the display driver board. Too 
many is always better than 
too few when it comes to 
bypass capacitors. Make the 
layout orderly and neat to 
reduce crosstalk and avoid 
ground loops. If separate 
power supplies for the +5 
volts, +15 volts and -15 volts 
are built and connected by a 
cable, it is a good idea to put 
extra filter capacitors (100 
microfarad or higher/25 
volts) on these power lines 
where they enter the display 
board. Tantalum capacitors 
are the best choice but 
aluminum foil capacitors are 
adequate. 

Now that you know how 
it works, it has once again 
come to the hard part; a 
decision must be made 
whether to “build or buy.” 
Obviously, the quickest and 
easiest way to get this fas¬ 
cinating and useful instru¬ 
ment up and running is to 
purchase the graphics driver 
and the set of subassemblies 


being offered by Suntronix 
Company. Certainly that is 
not the only way. You may 
choose to build the graphics 
driver from scratch. With the 
printed circuit card available 
from Suntronix it should be a 
relatively simple and even 
enjoyable task. Merely follow 
the instructions in the 
following paragraphs and 
those that come with the PC 
card. 

If you want to build the 
driver and elect not to 
purchase the driver PC card, 
some additional comments 
are in order. 

Much of the electronics on 
the four PC cards that come 
with the subassemblies is 
superfluous when used as an 
X,Y display. The two 6 bit 
digital to analog converters 
previously used for character 
placement can be eliminated, 
as well as the actual starburst 
pattern generator. The only 
other alteration is to isolate 
the blanking signal. When 
these few tasks are completed 
and external voltages applied 
where the DAC inputs had 
been previously, one will have 
an operational 12” X,Y input 
CRT all ready for graphics. 

Testing the Unmodified CRT 
Subassemblies 

Before any modifications 
can be made, the operational 
integrity of the terminal must 
be established. Even though 
the refrigerator sized con¬ 
troller necessary for 
alphanumerics is missing, the 
unit is capable of self¬ 
scanning through a com¬ 
bination of positions and 
blanking control with the D 
to A cards as they are. To test 


the unit, install the four 
cards. The card closest to the 
screen is the horizontal DAC 
and the next card behind it is 
the vertical DAC. Both cards 
are identical. The third card 
in from the tube end is the 
integrator, clock conditioner, 
and starburst generator card. 
Behind it is the digital 
position and unblanking card. 
On the back connector, 
labeled ]103, it will be 
necessary to put in a 1 MHz 
clock signal and an un¬ 
blanking signal. The 1 MHz 
clock, which is required both 
for the high voltage 
generation and character 
position, is applied to pins 8 
and 9 (8 ground and 9 high). 
A suitable TTL circuit to feed 
the 50 Ohm load presented 
by the CRT is illustrated in 
Fig. 6. It is not necessary that 
it be crystal controlled, but a 
clock input is required at all 
times to operate this unit. 
The unblanking signal is 
applied to pins 10 and 11 (10 
ground and 11 signal in). 
With the clock signal applied, 
and -5 volts from pin 11 to 
ground, turn on the display. 
A fairly noticeable high 
pitched tone should be heard. 
This is the high voltage 
oscillator. Slowly rotate the 
intensity control (same shaft 
with the on/off control), and 
a pattern should appear. This 
pattern will appear as though 
one were looking at ten layers 
of chicken wire, but it is 
actually all starburst locations 


unblanked and displayed. 
Removing the -5 volts from 
the blanking input will leave 
one starburst pattern 
displayed on the screen in a 
random location. Repeated 
applications of the blanking 
input will make this single 
pattern appear to jump 
around the screen. 

At this point, initial check¬ 
out is complete and modi¬ 
fications can begin. Although 
not absolutely necessary, it 
was determined that all of the 
modifications to this terminal 
could be carried out on the 
four PC cards. The easiest 
approach is always the 
preferred method when 
dealing with surplus elect¬ 
ronics because of the 
numerous design revisions 
such equipment has had over 
the years. The latest 
schematics are always hard to 
find. 

TTL Level Blanking Input 

One of the first 
modifications necessary is to 
change the blanking level 
input from the previous level 
of -5 volts into 50S2 which is 
inconvenient to use. This 
negative voltage is an external 
requirement only. From there 
it feeds a level translator on 
the integrator card which 
converts it to a +4.5 volt 
blanking level compatible for 
use in the digital logic of the 
position and unblanking 
board. After transferring 
through all the logic, this 



Fig. 5. Example of a square for calibration. Note: Reference 
numbers refer to tine segments. *Locations given for example 
only. 
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signal leaves the board as an 
unblank to video amp signal 
on pin 3 of connector j 107 
on the base of the card. 

Between terminal E31 
(connected to pin 3) and E30 
is a jumper. By removing this 

jumper and attaching a R 6 / MHz oscillator. All resistors 'A W 5% unless otherwise 
separate TTL level input to 
terminal E31, this unblanking note ' 
option can be externally 

controlled. The card itself R21 and the emitter of Q8. essentially means throwing 
cannot be discarded and has By cutting these two signals away the two D to A con- 
to be inserted for the unit to to the video amp, we are verter cards and applying the 
be operational. There is eliminating a 2 bit D to A external input voltages 
additional logic on this card converter which continually directly to the connector 
necessary to generate the high causes the beam to trace a pins. Unfortunately, getting 
voltage for the CRT. This starburst pattern. What is left at these pins is difficult and 
concludes the modifications is a single dot on the screen requires removing the high 
necessary to allow external whose position is completely voltage section. An easier 
blanking. controlled by the vertical and method is to disconnect the 

horizontal deflection voltages DAC outputs on each card 
Eliminating the Starburst generated on the vertical and and attach the external input 

Generator horizontal D to A cards. As in on the card in its place. The 

The starburst generator is the previous case, there is two cards are identical and 
located on the integrator and other circuitry on this card, require the same modifi- 
clock conditioner card. The such as the clock conditioner, cation. Each of these boards 
output of this generator feeds which requires that the card is a 6 bit digital to analog 
directly to the video amplifier be inserted for the display to converter card. The output of 
and must be disabled or a be used. This concludes the the converter is jumpered 
moving starburst will be integrator card modifications, from terminal El to terminal 
displayed rather than a line E2. Terminal E2 is also the 

segment when the beam is Vertical and Horizontal output pin M on the base of 
moved. This simple modifi- Deflection Inputs the card. By removing this 

cation can be accomplished The modification to the jumper, the card electronics is 

by removing a transistor, Q9, deflection amplifiers to allow disconnected. A coaxial cable 
and cutting a tape between external deflection voltage can then be attached to 
pin 15 and the junction of input is indeed simple. It terminal E2 on each board to 




provide the external input. 
There is plenty of foil 
grounding area on the cards 
to which to solder the coax 
shield directly, and this serves 
to reduce input noise con¬ 
siderably. 

Warning! With all these 
modifications, the automatic 
blanking and sweep circuits 
of the unit have been 
defeated. This is of no real 
consequence, but extreme 
care must be taken not to 
damage the CRT. The 
blue-green phosphor is 
exceedingly bright, and has to 
be protected from over¬ 
intensity which would other¬ 
wise burn a permanent mark 
on the screen. The graphics 
driver is designed to prevent 
this occurrence, but at this 
stage of the checkout process, 
none of those protective 
circuits is involved. 

It is important to check 
the display terminal as it 
stands now. For all practical 
purposes, it is a 12” oscillo¬ 
scope at this point and can be 
checked out as such. The 
deflection voltage which must 
be externally applied to both 
horizontal and vertical inputs 
is in the range of 0 to -3 volts. 
It is of the gravest importance 
that the polarity not be 
reversed or the magnitude 
exceeded on these inputs. 
Schematically, it would 
appear quite acceptable to do 
this, but in actuality it is 
disastrous. The deflection 
yoke resistance is less than .1 
Ohm and demands 
considerable current to drive 
it. This deflection current is 
directly proportional to the 
input voltage. When a 0 to -3 
volt signal is applied, the 
deflection current sweeps 
from -2 Amps to +2 Amps 
approximately. The low 
voltage power supply is a real 
brute capable of better than 
10 Amps. When voltages of 
other than the optimum are 
applied, the deflection will 
try to follow. The 
unfortunate problem is that 
the manufacturer didn’t build 
the deflection amplifiers to 
handle this much current and 




Fig. 7. Deflection amp subassembly checkout. 


they go poof! They, of 
course, never were concerned 
with this problem because the 
D to A converter cards could 
not have produced these 
voltages. It is a wise idea, if 
this display is not going to be 
permanently attached to a 
driver of some sort, to put 
some clamping and voltage 
limiting circuitry on these 
inputs. It wasn’t without hard 
reality that these facts were 
determined. 

To continue the deflection 
checkout, it is necessary to 
have two 3 volt supplies. Two 
pair of “C” cells in series are 
quite adequate and safest. 
Fig. 7 is a sketch of these 
checkout requirements. Each 
3 volt supply should be 
placed across a 10k Ohm pot 
with the positive side of the 
battery connected to the 
display chassis ground. The 
output voltage at the wiper of 
the pot will go from 0 to -3 
volts with respect to chassis 
ground. When this fact is 
agreed upon, one can feel 


fairly safe in attaching this 
variable voltage to the hori¬ 
zontal and vertical inputs as 
described previously. 

Now comes the acid test. 
Using a meter, set each input 
to -1.5 volts. This will corres¬ 
pond to a null or no 
deflection condition and 
should place the beam 
position directly in the center 
of the screen. The blanking 
input should be ungrounded 
and open and the 1 MHz 
oscillator turned on. Very 
carefully turn on the display, 
but don’t immediately rotate 
the intensity adjustment. 
After allowing about 30 
seconds warmup, and taking 
note the high voltage is on, 
slowly increase the intensity. 
Eventually there will appear a 
single dot near the center of 
the screen. Do not make it 
too bright because it will 
burn the screen. When this 
phase is accomplished, 
increase the voltage applied 
from the battery sources and 
notice that the beam moves 


proportionally with the 
voltage change. The hori¬ 
zontal input obviously is 
driving the beam in an X 
direction from left to right 
and back, while the vertical is 
driving it in the Y direction 
which is up and down. If 
both pots are turned simul¬ 
taneously, the beam will 
move at an angle. 

That’s all there is to it. Be 
sure to use coax between the 
driver and the horizontal and 
vertical inputs and watch the 


ground loops. Properly 
adjusted and imaginatively 
programmed, this graphic 
display will very quickly 
become your favorite form of 
entertainment as well as an 
extremely useful tool. 

The authors will be happy 
to hear from any who build 
this unit. We’ll try to answer 
your questions as quickly as 
possible as fully as possible, 
but please, enclose an SASE 
when requesting answers. 
That will insure a reply. ■ 













































Larry Kahaner W B2NEL 
4259 Bedford Ave. 
Brooklyn NY 11229 


Counters 

Are Not Magic - - 
They're Simple 

- - getting right down to basics 


T here are plenty of 
counter projects about. 
You can easily build one of 
them and it will work fine, 
first try, too. But how do 
they actually operate? It was 
hinted at in "Flip Flops 
Exposed," Nov/Dec 75, but 
many readers demanded more 
details. 

My pleasure. 

The basic counting circuit 


has four elements: a decade 
counter, a latch, a BCD-to-7 
segment decoder/driver and a 
7 segment LED. One of each 
will allow us to count from 0 
to 9. To count higher we 
cascade, or add, more 
elements. Fig. 1 shows the 
block diagram of a counter 
circuit. 

Let’s work backwards. 
Believe me, it’s easier. 


A Short Course in 7 Segment 
LEDs 

The 7 segment LED is 
composed of 7 segments, 
each of which is one light 
emitting diode. When a 
current flows through, in the 
correct direction (it’s a diode, 
after all), it lights. By placing 
the segments in the proper 
configuration we can form all 
the numbers (Fig. 2). Each 
segment is identified by a 
letter from a-g. 

7 segment LEDs come in 
two varieties, common anode 
and common cathode. In the 
common anode case, all the 
anodes are connected to- 


Fig. 1, Block diagram of counter. 


gether internally and we light 
each segment by touching it 
to ground. In the common 
cathode configuration, the 
negatives are connected 
together and we light the 
segments by connecting them 
to a positive potential. Fig. 2a 
shows the pin designations. 

The Decoder/Driver 

Operation of the de¬ 
coder/driver requires a back- 
step to discuss binary 
numbers. You probably never 
thought about it, but our 
number system is based on 
tens (most likely because we 
have ten fingers or digits). We 
count like this: 1, 2, 3 ... 7, 
8 9; when we get to what we 
call ten, we are actually 
starting all over. Ten is really 
one-zero. Eleven is really 
one-one. But, because we use 
these numbers so often, we 
gave them special names. 

Computers lend them¬ 
selves to systems or bases 
other than our base ten. Base 
two, or binary numbers, are 
easily comprehended by these 
infernal machines because 
they use only two digits, 0 
and 1. It takes a lot more 
room to count great numbers 
because we only have 0 and 1 
to use, but computers digest 
them readily as 0 and 1 can 
be ON and OFF, an easy 
concept for the machine’s 
limited intelligence. 

Let’s count in binary: 
00,01,10,11. That’s 0,1,2 and 
3 in our decade system. From 
right to left, our system has 
columns of units (or ones), 
tens, hundreds, etc. In binary, 
we have units (or ones), twos, 
fours, eights, etc. The chart 
makes it easy. 

The 7446 chip is a BCD 
(binary coded decimal)-to-7 
segment decoder/driver. 
Internally, it is a maze of 
AND, NAND and NOT gates, 
but we don’t have to go into 
that. For decoding purposes, 
it takes binary coded 
decimals, the binary numbers 
we talked about, and converts 
them to our base ten system 
for readout on a 7 segment 
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Fig. 2. 7 segment LED 

Fig. 2a. Pin configuration. Important note: Not all LEDs use 
this exact configuration. In some cases the NC pins may be the 
common anode connection. Check the specs for your LED and 
use Fig. 4 to connect it correctly. 

LED. As shown in Fig. 4 it Let’s try another one. The 

has four inputs: DCBA (the number 8 in binary is 1000. 

backward notation will be We impose a high on Dand a 

explained), and 7 outputs, low on B, C and A. The 

Disregard the lamp test, RB output is then 0000000. All 

input and RB output for segments are grounded and 

now. they light. The number 8! 

The input can be any 

binary number from 0000 to The Decade Counter 
1111. In our system that Except in ringalevio we all 

would be 0 to 15. Since we count by ones. We need 

are dealing with only one 7 something that will count by 

segment display, we are only on es and convert it to binary 

concerned with 0000 to for our decoder/driver. Not 

1001, or 0 to 9. only does it have to count, 

Look at Fig. 5. If we put a but it must reset at ten. The 

low at inputs D, B and A, and 7490 chip was made for this 

a high at C, we make the purpose. Every time a pulse 

number 0100 (see the reason from our clock is triggered 

for the DCBA order). In our into the decade counter, it is 

decimal system, that is the noted and the output 

number 4. The outputs responds with a binary nota- 

corresponding to that input tion. 

are highs at a, d and e, and Fig. 6 shows the 7490 
lows at b,c,f and g. Looking configuration. The outputs 

at the LED chart, we see that DCBA will respond to every 

the segments will be blank at clock pulse, 

a, d and e forming the Pulse 1 will give us an 

number 4. Hasn’t he got it output of 0001. The second 

backwards? Nope. This chip pu | se will yield an output of 

is for common anode LEDs. 0010; the third pulse gives an 

Thus, any segment assigned a output of 0011. The chart is 

zero, or low, will light. The known as the BCD count 

7448 chip is available for sequence. Very simple, 

common cathode LEDs and The 7490 is versatile. The 
works in a similar manner, unused R inputs allow many 
only "negatively.” options. By keeping pins 2 

and 3 high, our LED will 
always read 0. Keeping pins 6 
and 7 high will give us a 
constant 9 on the readout. A 
reset/count chart provided by 
the manufacturer shows the 
many choices that are 
available. 

We even have choices for 
the counter to work properly. 
Any configuration in lines 4-7 
Fig. 4. 7446 decoder/driver is permissible. It’s fun to 
(same as 7447). experiment with all the possi¬ 





bilities, then check back to 
the chart and see that you 
were correct in your choices 
and outcomes. 

The 7490 can also be used 
for other jobs besides decade 
counting. It can be used for 
divide-by-ten counting, 
divide-by-two counting and 
divide-by-five counting. All 
require different external 
connections. In our decade 
counting application, the out¬ 
put at pin 12 must be 
connected to pin 1 for 
correct operation. 

The Latch 

We are almost done. The 
7475 chip is a quadruple 
bistable latch. Four flip flops, 
that’s all (Fig. 7). 

It acts as temporary 
storage between the decade 
counter and the de¬ 
coder/driver. It does have an 
important function which 
may be of value in some 
cases. If the pins 4 and 13 are 
kept high, the pulses going 
through will be counted 
normally. If they are low, the 
number on the LED is held 
stationary. To restore normal 
counting, make it high again. 

This feature makes it easy to 
stop the count at any time 

inputs 

DCBA 

0 0 0 0 0 

1 0 0 0 1 

2 0 0 1 0 

3 0 0 1 1 

4 0 10 0 

5 0 10 1 

6 0 110 

7 0 111 

8 10 0 0 

9 1 0 0 1 

Fig. 5. 7446 inputs i 


’. 3. 

without doing so at the input. 
If a situation arises where we 
are counting and we want to 
know at what count a certain 
transaction occurred, all we 
do is have that event cause 
pins 4 and 13 to go hi$i. 

Not only will we know at 
what number the event 
happened, but it will stay 
visible until we manually 
reset it to continue its count. 

Putting It All Together 

All three chips are 
inexpensive TTLs. They 
should cost no more than two 
dollars all together. The price 
of the LED will be deter¬ 
mined by its size. The bigger 
the segments, the more costly 
it will be. And, it will also be 
nicer to look at. That’s your 
choice. There are good 7 
segment LEDs available for a 
dollar. They can be gotten as 
cosmetic rejects as one 
segment may be slightly 
dimmer than the rest. Some¬ 
times you have to look 
closely to notice it at all. I 
bought some dollar LEDs of 
that type and the difference 
is only evident when all 
segments are lit and carefully 
compared. 

The schematic is Straight- 
Outputs 

ooooooi 
10 0 1111 
0 0 1 0 0 1 0 

0 0 0 0 1 1 0 

10 0 110 0 
0 10 0 10 0 
1 1 0 0 0 0 0 

0 0 0 1 1 1 1 

0 0 0 0 0 0 0 

0 0 0 1 1 0 0 

d outputs. 
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Fig. 6. 7490 decade 
counter. 

forward. The pulses from our 
clock (which we all have by 
now) are the input. You can 
try to pulse it by hand, but 
you won’t be able to do it. 
Your hand is just not sure 
enough to pulse it once, and 
only once. Try it. You will 
see the numbers jump a few 
no matter how carefully you 
attempt to give it just one 
shot. This phenomena is 
known as switch “bounce." 
Now you'll understand why 
flip flops are used as 
switching devices; mechanical 
means just CANT touch only 
one time. 

Now, back to the other 
7446 controls: lamp test, RB 
input and RB output. Lamp 
test means just that. If we put 
it low, all segments light 
giving us an indication of our 
LED’s condition. When a low 
is applied to RB output, all 
segments go blank. It will 
continue counting though. 
Going back to a high will 
light them again wherever it is 
in the counting sequence. If, 
while you are counting, you 
desire to skip 0, put RB input 
to low. Every time zero 
comes around nothing is seen. 

Cascading Counters 

Our counter works fine, 



Reset/count 

Rom Ro(2) R9(1) R9(2( 


output 
D C B A 


1 1 0 x 

11x0 


0 0 0 0 
0 0 0 0 
10 0 1 




0 or 1. 


Fig. 6a. Charts for the 7490 decade counter. 


but it only counts to 9. For 
higher numbers we need more 
counters. And, we have to 
add them in such a way that 
the first counter triggers the 
second after the number 9. 
And, the third counter must 
be triggered such that it will 
work when the second 
counter goes over 9. This is 
called cascading. 

If you check the operation 
of the counter, on a slow 
speed, with a VTVM, you will 
see that the numbers change 
on the 1 to 0 change. This is 
known as “trailing edge 
triggering.” That’s important 
to know. Looking at Fig. 6a, 


we see that the numbers 8 
and 9 have very distinct 
characteristics. They are the 
only numbers to have 1 in the 
D column. If we have a 
second counter waiting at 
count zero, it will trigger 
upon a 1 to 0 change. By 
taking output D of our first 
counter and connecting it to 
the input pin 14 of our 
second counter, it will count 
“one" when our first counter 
passes 9. The first counter 
will return to 0 and the 
second counter has a 1. By 
placing the counters in the 
proper position we have 
one-zero, the number 10. 

The schematic shows how 


easy it is to cascade counters. 
You might also like to make 
the reset controls a 
permanent fixture. This 
assures that the counters all 
start at zero. 

Start counting. 

Special thanks are 
extended to Isaac WN2ALK, 
who, without regard for his 
personal safety, came over 
late one night to supply me 
with some much needed 
data. ■ 

References 

Signetics Handbook, 1972, Sig- 
netics Corp. 

Huffman. Jim. "What Do You 
Want to Count?", 73 Magazine. 
Feb. 1976. 



Fig. 8. Counter. 
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Fig. 7. 7475 quadruple bistable latch. 


Fig. 9. Cascaded counters. 




































































































-2 METER CRYSTALS IN STOCK- 

We can ship C.O.D. first class mail. Orders can be paid by: check, money order. 
Master Charge, or BankAmericard. Orders prepaid are shipped postage paid. Phone 
orders accepted. Crystals are guaranteed for life. Crystals are all $5.00 each (Mass, 
residents add 25d tax per crystal). U.S. Funds Only 

We are authorized distributors for: Icom and Standard Communications Equip¬ 
ment. (2 meter) 

Note: If you do not know type of radio, or if your radio is not listed, give fun¬ 
damental frequency, formula and loading capacitance. 

LIST OF TWO METER CRYSTALS CURRENTLY STOCKED FOR 
RADIOS LISTED BELOW: 


1». Drake TR-22 

2». Genave 

3». Icom/VHF Eng. 

4». Ken/Wilson /Tempo FMH 

5». Regency HR-2A/HR212/Heathkit HW-202 


6«. Regency HR-2B 
T. S.B.E. 

8*. Standard 146/826 
9*. Standard Horizon 
10*. Clegg HT-146 


The first two numbers of the frequency are deleted for the sake of being 
non-repetitive. Example: 146.67 receive would be listed as - 6.67R 

1.6.01T 9. 6.13T 17. 6.19T 25. 6.31T 33. 6.52T 41. 7.03R 49. 7.15R 57. 7.27 
2. 6.61R 10. 6.73R 18. 6.79R 26.6.91R 34 6.52R 42. 7.66T 50. 7.78T 58. 7.9C 
3.6.04T 11. 6.145T 19. 6.22T 27. 6.34T 35. 6.55T 43. 7.06R 51. 7.18R 59. 7.3C 

4. 6.64R 12. 6.745R 20. 6.82R 28. 6.94R 36. 6.55R 44. 7.69T 52. 7.81T 60. 7.93 

5. 6.07T 13. 6.16T 21. 6.25T 29. 6.37T 37. 6.94T 45. 7.09R 53. 7.21R 61. 7.33 

6. 6.67R 14. 6.76R 22. 6.85R 30. 6.97R 38. 7.60T 46. 7.72T 54. 7.84T 62. 7.96 

7.6.10T 15. 6.175T 23. 6.28T 31. 6.40T 39. 7.00R 47. 7.12R 55. 7.24R 63.7.36 

8. 6.70R 16. 6.775R 24. 6.88R 32.6.46T 40. 7.63T 48. 7.75T 56. 7.87T 64. 7.95 


Special! Only $249.95. Get 8 crystals of your 
choice for only $2.50 more with purchase of 
IC-22A. 

READY TO GO ON: 

1 94/94 3 22/82 5 52/52 

2 34/94 4 28/88 

„ mlu „ VHF FM 


Double Superheterodyne 
t 1st intermediate: 10.7 MHz 
2nd intermedate: 455 kHz 
a. Better than 0.4 u v 20db qu 























PHONE PAD $6.50 

New, packaged by 
Automatic Electric. 

Preferred by many over 
the tactile pads. Great 
for repeaters, auto- 
dialers, etc. 

SP-213A $6.50 ea 3/S16.00 



SPEED CONTROL 

New solid state SCR 
speed control for 
AC/DC devices or resis¬ 
tive loads, lights, etc. 

Good for a whopping 
1.2 KW. Ideal soldering iron control. 

SP-189A $4.50 ea 3/S12.00 



5 VOLT 1 AMP REGULATED power supply kit for logic work. All parts including 
LM 309K #PK-7 $7.50 

DUMMY LOAD resistor, non-inductive, 50 ohm 5 watts $1. 

AA NICAD CELLS brand new, fine biz for handy talkies. $1.25 ea 9/$9. 

ASCII KEYBOARD brand new w/ROM chip, data package $45. 


POWER SUPPLY MODULE 

New, plug-in module. Plugs into AC outlet provides 12 
volts AC at Vi amp by two screw terminals. Great for 
various clocks, chargers, adding machines, etc. New 

$2.50 ea. 5/$10.00 




LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 4J4 
x 9’/2 inches. $25.00 each 5/$110.00 


TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 214 x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/$25.00 




VIDEO TAPE HEADS 

Brand new from Cartavision home video equipment. 
Made for % inch tape, includes erase, play, record. We 
include 3 different, made by Vikron, Bogen. 3 different 
for the $5.00. A $60 value. SP 240A 3/$5.00 


Please add shipping cost on above. 


2 - 


P.O. Box 62 

E. Lynn, Massachusetts 01904 


FREE CATALOG 

SP-3 NOW READY 


8 8 8 






































HITEHOUSE&CO. 

17 Newbury Drive, Amherst, N.H. 03031 


TRANSMITTING VARIABLES 


04 


Miller) 16250 dual 255pF 3kV.$43.25 

Miller) 16520A single 200pF 3kV . .. 24.75 
Johnson 154-10 single 347pF 3kV .. 34.60 

COUNTER DIAL 
Millen 10031, 0-99 turns 
readout with 0-100 vernier 
dial, ideal for transmatch, fits 
y«" shaft $25.50 



PANEL DIAL 

Millen 10039, 4" x 3-9/32", 

7'A to 1 ratio, mounts on 
front panel $12.30 

BARKER & WILLIAMSON 



TOROIDAL 

CORES 

(specify material) 
T-200 ... $1.60 

T-80_$ .40 

T-68 .... $ .35 
T-50 .... $ .30 
T-37 .... $ .25 
T-25 .... $ .15 


MODEL 375 PROTAX™ 6-position coaxial switch, rear contacts.$18.50 

MODEL 376 same as above, with side connectors.18.50 

MODEL 425 TVI Filter, 1000 W.32.50 

MODEL 350/2Q4 Audio Phase Shift Network.15.00 

MODEL CC50 Dipole Antenna center coaxial connector.8.25 



RF Switch 

Millen 51001, 1 pole, 2 to 6 pos, 
13kV f lashover, 20 Amps $21.20 


JOHNSON MINIATURE 
VARIABLES 

160-102 1.5 to 5 pF .$3.00 

160-104 1.8 to 8 pF .3.05 

160-107 2.3 to 14 pF .3.15 

160-110 2.7 to 19 pF .3.20 

160-130 3.0 to 32 pF .3.45 


ROTARY INDUCTOR 


MILLEN 


Johnson style 229-203, 28 92200 2kW Antenna Tuner .$199 

mH $32.00 92201 300W Antenna Tuner .$138 

90652 Solid State Grid Dip Osc.$138 


NOW IN STOCK 

Transmitting Variables — Roller Inductors - Counter Dials 
Air Wound Coils — Couplings - Knobs — Receiving Variables 
Toroids — R.F. Chokes — Coil Forms and more 

Millen - E. F. Johnson - Barker & Williamson - JW Miller - Hammarlund 
Send First Class Stamp for Flyer 

Add $1.50 to each order for shipping and handling. Prices subject to change. 


COMMUNICATIONS 

COMMISSION 


APPENDIX 



frequency ban* 3700-3750 kfh, 7100 7150 
kHz (7050-7075 kHz »vtl»n tho terrestrial 


2U0O-2t20O kHz,” and 28,100-28,200 
kHz, using only Type A1 emission 


§97.9 eligibility lor new operai or license. 



§97.11 Application for operator 



§97.27, shall be submitted to the FCC field 
office nearest the applicant. Applications for 

the Commission’s offices in Gettysburg. PA 
panied by any necessary filing fee. 


§97.23 Examination requirements. 
Applicants for operator licenses will be 


(a) Amateur Extra Class: Elements 1(0. 
2. 3, 4(A) and 4(B); 

(b) Advanced Class; Elements 1 (8). 2, 3. 



























§ !a> Exapl^ «^providedTv §97.27, all 


Tracking 

the Hamburglar _ 

ABDUCTED: Drake ML2 no. 11512. Downey CA 90240. (213) 9230131. 

Xtals for 10 channels, green sub min. _ __ _ 

coax connected for T/T pad to coax RUSTLED: Icom IC230 two meter 
RNP on war i max «ih min transceiver with mount and B2 


STOLEN: GTX-2 s/n 29-63 and ID 
no, 020-34-2737. GLH-100 and same 
ID no. Taken from my car on June 
12, 1976. I am offering SI 00 for the 

sons responsible for the theft. Paul F. 
Kelley K1UXD, 165 Garfield Avenue, 
Hyde Park MA02136. 


d office nearest the applicant, 
offices appears in §0.121 of 
n's Rules and can be obtained 
onal Services Division, Field 
reau, FCC, Washington. D.C 

otherwise prescribed by the 


chusetts. Contact Frank S. Minas 
WA1MJI, 16 Cottage Street, Exeter 
NH 03833. 


statement that the applicant hi 
telegraphy element IIA) under I 
vision within the 10 days prior to si 


offices in Gettysburg, Pa., no later than 30 
days after the date the papers are mailed by 
[he Commission {the date of mailing « 
lormally stamped by the Commission on the 


ATTENTION METRUM II 
OWNERS 


■vanguard has a high quality 
synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 

For complete details and photo 
see our half page ad in the May 
issue of this magazine. 


■JL 

W4DWR. 

Bowie. MD, case number 75-233-16 

CS^c : 

Silicon Rectifier Modules 



VANGUARD UABS 
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WHil HAVE YOU WJw&EM 


The back issues of 73 are a gold mine of interesting NO v 72. «. B tty 

articles ... just take a look at what’s been covered_every 

possible interest. This is the most important library you can 3?"«“Aw*e<»S 2 “™,’Vm'S£^, S 
have for hamming. 2m 

The supply of these back issues is very limited ... and Tr , ioM°' 3 "a"-™.'"c"og‘ c 

when these are gone, that will be it. Don’t miss out by 

procrastinating. dec n. sstv k«o.iui»...«, m 

Single issues .$1 each (before 1976) M» k ati i L 8 M w«.’ i .mp°sM l "”u?I 

Ten back issues (your choice).$12 postpaid in US. £ n .JMv!"^wi^ 

Twenty-five back issues (your choice) $20 postpaid in US. 0 

Twenty-five back issues (our choice) $10 postpaid in US. JAN 73.hti» wudtt0 „., 3 . 50 

IJSfii“=cF 































































































Since there’s little to get stale in back issues of 73 (our 
magazine is not padded . .. like others ... with reams of 
activity reports), you’ll have a fantastic time reading them. 
Most of the articles are still exciting to read . .. and old 
editorials are even more fun for most of the dire predictions 
by Green have now come to pass. Incentive licensing was every 
bit the debacle he predicted ... and more. You’ll really get a 
kick out of the back issues. 
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issues containing hundreds of articles & projects 
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38 How Do You Use ICs? - part II 
WA2SUT/NNN0ZVB 



48 The Hybrid Quad - has low windload, 
expense, hassle 
WB8VCS 

50 Frequency Detector for Your Counter — 

sounds alarm when set frequency occurs 
W2A00 

52 Programmable CW ID Unit - for RTTY, 
repeaters, mobile, etc. 

WA6JMM 

54 New ICs for the Counter Culture - 

simpler counters with less used power 
W4CUG 


□ 


58 Quickie Collinears for 15 and 10 — 

satisfaction guaranteed 
K8ANG 

62 500 MHz Scaler PC boards are avail- 


K20AW 


66 Build a Super Standard - goes right 
down to 1 Hz 
WA7VVC 

70 The Incredible Lambda Diode - you can 
even make it yourself! 

WB5DEP 

74 Mechanical RTTY Buffer - using a tape 
punch and a dock 
K5UAR 

76 Have You Used a Triac Yet? - nifty 
solid state ac relay gadget 
WB9JSE 
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78 Another CW Keyboard Keyer - 
CMOSed for ultra tow power consump- 


WA9VGS 

!A 96 RTTY/uP Flexibility - Baudot/ 
ASCII serial/parallel I/O 

Roloff 

A 101 Blowtorch Your ICs — a bonus 
from computer surplus 
VE3FEZ 


A 102 How to Interface a Clock Chip - 

Baudot, BCD or ASCII conversion 
G8KWR/DC0GK 

A 104 

Hey, Look What 
My Daddy Built! - 

six TV game chip 
can make you a 
hero 
Ciarcia 



A 110 A TTL Tester - great for unmarked 
bargain ICs 
WA9VFG 

A 114 How to Check Memory Boards - 

use this simple program 
VE3DWC 

A 118 The New Ham Programmer - 

making those confounded uPs work 
W2HBY 

A 124 The Soft Art of Programming - 

getting started with BASIC 
Didday 

A 128 BASIC? What's That? - the basics 
of BASIC 
WA1GFJ 

132 Is It the Band or My Receiver? - the 

microvolter will tell! 
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EDITORIAL BY WA YNE GREEN 

WAYNE ON WARCC to counter these blocks. It may be positive - or will they be wasted on 

You've probably heard about the 'hat one of our DXpeditioners has left fun trips for ARRL officials as in the 





































visiting views from around the globe 









the LIMARC operations, other than 
local operators using 94 direct. 


Weisbaden Riding High 


Under the direction of K2UO, a 

atop the harbormaster’s office and 
two rigs were installed at a table on 
the shady side of the building. Com- 

LIMARC commemorative station) 
went on the air as the Oyster Bay 

trolled by P Ula WA2JIO, who was 
assisted by over twenty LIMARC 



a year, the Wiesbaden Amateur Radio 
Club from Wiesbaden, Germany, 


tainside QTH, we erected a 32 ele¬ 
ment long yagi for 2 meters between a 
power pole and the quad mast. The 


weren't the best that week. Our VHF 

















































le form of a group log. 


EXCHANGE: 


































































EXCHANGE: 


the world other than VK/ZL - score 
2 points for each VK/ZL QSO and 1 
point for each Oceania station QSO 
(other than VK/ZL) on each band. 


AWARDS: 

Attractive certificates will be 
awarded to each country (call area in 
USA, Japan, and USSR) on the fol¬ 
lowing basis: 

— Top scorer using all bands; 

— Separate awards for phone and CW; 

— Other certificates awarded de¬ 
pending on activity: 2nd, 3rd, and 
separate band awards. 

ENTRIES: 

Logs must show, in this order: 
date/time in GMT. callsign of station 
contacted, band, serial number sent 
and received. Underline each new 
VK/ZL call area contacted and make 


points from both bands by the sum 
British Isle prefixes worked on eai 
band for final score (GB does n 
count, giving a maximum of 36 pi 


Andrews G3MXJ, 18 Oownsview 
Crescent, Uckfield, Sussex. 
ENGLAND. 

WADM CONTEST 
Starts: 1500 GMT Saturday, 
October 16 

Ends: 1500 GMT Sunday, 
October 17 

Use all bands between 80 and 10 
meters on CW only. Stations outside 
DM call "CO DM," while DM stations 
will call "CQ WADM." 

EXCHANGE: 

Stations outside DM send usual 6 
digit number. RST and serial number 
starting with 001. DM stations will 
send a 5 digit number consisting of 
the RST and the number of their 
Kreiskermer. 

SCORING: 

Each station may be worked only 
once per band. Each completed QSO 



RESULTS OF THE 1976 BARTG RTTY CONTEST 


Top 3 multiple operator stations - 

W1MX 156,240 points 

SM6FUG 140,302 points 

DL8VX 127,296 points 

Top 4 shortwave listeners - 
H. Ballenberger (DL) 133,632 points 

R. Giarnello (13! 116.480 points 

Cech Lubos (OK2) 105,258 points 

Paul Menadier (USA) 80,276 points 


last year’s rules. The contest is similar AWARDS: 

to the 21-28 MHz contest, except Certificates for the highest score in 
scoring is different. 

EXCHANGE: 

RS(T) and serial number starting province station. Additional plaques 


mum). NO BONUS FOR GB PRE 
FIXESI Final score is total QSO and 

ENTRIES: 

All entries should be mailed to: The 
HF Contests Committee, c/o John 
Bazley G3HCT, Brooklands, Ullenhall, 
Solihull. West Midlands. ENGLAND. 


Starts: 0000 GMT Saturday, 
October 30 

Ends: 2400 GMT Sunday, 
October 31 



RSGB 2128 MHZ CONTEST - 
PHONE 
Contest period: 

0700 to 1900 GMT. 

October 10 

Official rules were not received 
rom England in time for this issue. 


Contest Bureau are final and the right 
to change these rules is reserved. 
AWARDS: 

Certificates will be awarded. Appli¬ 
cations for all DM awards (WADM. 
DMCA, DMDXC, DMKK) may be sent 
together with logs for the contest, but 
please use separate sheets for each 


and DX countries worked. All others 
multiply the number of QSOs times 

itles, local government districts, 


specified mode on 

band and all band, 
band only) sing 
multi-transmitter. 
EXCHANGE: 

RS(TI and zone. 
SCORING: 

Score a multipli 


ily. Classes of com¬ 
ingle operator single 

































































































































































































































































Looking West 


Bit! Pasternak WA6/TF 
14725 Tims St. *4 
Panorama City CA 91402 


outhern California FM scene 
lat I take great pride in beir 
f, and even greater pride in 


“Looking West" began about three where in the n 






























Show Your Pride 
In America’s Past, 

Your Faith In Her Fixture 



Own and Give the Double Eagle Fbndant 
as a Permanent Keepsake 
of the Bicentennial-only S7. 95 

















Don Johnson V/6AAQ 
Wireless Hill 
17943 Vierra Canyon 
Salinas CA 93901 

Build a Weird 
2 Band 

Mobile Antenna 

--fantastic parking lot car locater 


I f you have operated 75 
and 40 mobile, you are 
well aware of the problem of 
stopping (on a freeway?) to 
switch resonators on your 
antenna only to wish you had 
stayed on the other fre¬ 
quency. Wouldn't it be great 
if you could switch bands 
even more conveniently than 
in your home station ... no 
levers, switches, sliders or 
moving parts? 

Here is an electronically 
switched multiband mobile 
antenna that can be built 


with the minimum of parts 
that are available at the 
corner home improvement 
discount house. 

I had been anxious for a 
no-nonsense, non-mechanical 
multiband mobile antenna for 
years. The final straw, how¬ 
ever, occurred somwhat sud¬ 
denly one stormy afternoon 
away from home in our travel 
trailer. I was talking to a 
long-time friend across a 
couple of states and without 
warning he suggested we shift 
from 75 to 40 and "click” — 


he was gone. Normally this 
would not have been a big 
deal, but under the circum¬ 
stances it was downright in¬ 
convenient. 

This was in 1969, and 
almost the first person I saw 
after returning home was 
Walt W6IJA. He came to our 
place sporting a three band 
antenna on his mobile. 

Walt had all three of his 
resonators, 75-40-20, mount¬ 
ed fan fashion on a single 
base section fed with a single 
feedline. It was so stupidly 


simple and practical that I 
had carbon copies installed 
on my car and travel trailer 
within hours. Using just 
about any resonators avail¬ 
able, most of the mobiles in 
the area were multiband from 
then on. See Fig. 1. 

Not All Roses 

Even with the W6IJA 
multiband antenna, I kept 
looking for that better 
mousetrap. Along the way 
there were plenty of failures. 
One that I think worth men¬ 
tioning was what I thought 
was my greatest pride and 
joy. 

By early 1971 I had a dual 
bander that looked just like a 
monobander going down the 
road. Simply, it was con¬ 
structed with two insulated 
top whips laid side by side 
and held together with shrink 
tubing. One whip was 
attached to the top of the 
coil for 75 and the other 
brought down to a point 
where it would resonate on 
40 meters (see Fig. 2). 

The rig used was a small 
low powered 75-40 SSB 
transceiver. The antenna was 
used mobile for over six 
months and I was so con¬ 
vinced "this was it” that I 
submitted a patent disclosure. 

Then one weekend I 
shifted it over to another 
vehicle with a higher powered 
rig. After the second syllable 
- nothing - complete failure. 
Looking outside toward the 
antenna, I saw a neat little 
smoke ring drifting across the 
canyon! Inspection revealed 
that the whips had arced 
through the insulation and 
they were shorted together at 
the center. Every type of 
available insulation was tried, 
but anytime anything but the 
little rig was tried ... fire¬ 
works! Back to slaving over a 
hot soldering iron. 

Mother of Invention 

Then there was the time I 
completely demolished my 
W6IJA dual band antenna 
with no spare parts for miles 
around. I did salvage enough 
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for a 75 meter resonator and 
a couple of top whips, and I 
was going to be content to 
get out and short out a few 
turns to get on 40. 

The more I thought of this 
the less I liked it, having been 
spoiled by the dual band con¬ 
venience, so I haywired 
together a modified version 
of the earlier “OT Smokey.” 
See Fig. 3. 

This worked the very first 
try, and the antenna noise 
bridge indicated a good 
match to the 50 Ohm coax 
on both bands using the old 
tried and true “Z” match at 
the base. A surprise bonus 
was several dB gain in signal 
strength over the mono¬ 
banders. 

Within a few months this 
model was cleaned up 
mechanically, using easy to 
obtain parts and far fewer of 
them. Also, the current model 
described in this article is a 
little easier on the eye. With a 
large number of them on the 
road for the past few years, it 
has exceeded all expectations. 
Mechanically it is rugged - 
none has been reported 
broken. It has been operated 
thousands of miles in ice, 
snow, mud, rain, hot and 
cold. Everyone has been 
pleasantly surprised with the 
performance. 

During six months in 1975 
the XYL and I traveled 
15,000 miles to the four 
corners of the United States 
and we never missed our daily 
75 meter schedule to the 
home base in California. 
Time, 1900 PST; frequency, 
3830; rig, TR-3 with the big 
DK antenna. 

No, This Is Not a Broadband 
Antenna 

It may be redundant, but I 
have to repeat that, like any 
other good HF mobile an¬ 
tenna, this is not a broadband 
device. In my travels to clubs 
last year this was usually the 
first question that was asked. 
This appears to be a point 
that has eluded even a lot of 
the old-timers. Maybe it is 



just wishful thinking. 

When you are messing 
with a high Q HF mobile 
antenna, twiddling the trans¬ 
mitter knobs will not make 
the antenna work any better. 
The antenna must be 
resonant and then matched to 
the feedline. The more abbre¬ 
viated the antenna is in rela¬ 
tion to the wavelength, the 
less the usable bandwidth. 
That’s just the way it is! See 
Fig, 4. 

For some of the hard to 
convince, I have tuned and 
matched their transmitters to 
good fifty Ohm dummy loads 
and then switched it over to 


the antenna to prove that 
twisting the transmitter 
knobs wasn’t the secret to get 
the antenna to take the load. 
As a matter of fact, this is a 
very acceptable way to match 
your antenna to transmitter 
and feedline. Just switch off 
from the dummy load and 
then do all the adjusting to 
the antenna system to obtain 
maximum output. The big 
DK as shown will present a 
50 Ohm load at the base on 
both 75 and 40. The swr will 
be less than 1.1 to 1. 

Preparing the Coil Form 
The loading coil is wound 


on a nineteen inch piece of 
one inch, schedule 40 PVC 
pipe. The I ” is the inside 
dimension. It's a little over an 
inch and a quarter on the 
outside. You should be able 
to bum this much pipe out of 
your friendly plumber’s scrap 
box. When you cut off the 
ends, use a pipe cutter if 
possible to be sure they are 
square. Don’t use too much 
pressure and crowd the 
cutter. 

With a straightedge, lay a 
line the full length of the pipe 
along one side. Measuring 
from the bottom end, accur¬ 
ately mark points at 1", at 7 
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Fig. 1. The 1969 W61JA Fig. 2. 01’ Smokey. 

special. 

1 / 8 " and at 17 5/8". Use a the bottom end of the pipe 
number 30 drill and drill until all the outside threads 
holes through the side of the disappear. Here’s where a 
pipe at these points. At the lathe would be great, because 
1” mark only, drill on it is important to get this plug 
through both sides of the in straight so the antenna will 
pipe (see Fig. 5). stand at attention properly 

The next step is to install when it is finally mounted on 
the bottom plug to provide the vehicle, 
the mechanical and electrical The pipe bushing will 
connection to the usual screw in very tightly and 
3/8-24 stud that is found on makes its own threads as it is 
mobile antenna base sections, turned in. Be sure the pipe is 
If you dig around in the at room temperature so it 
plumbing supplies, you can won’t crack. I have never 
find a regular 3/4” to 1/8" used any glue or cement to 
pipe bushing that has a lot of hold the bushing in and have 
threads both inside and out. never had any reports of any 
The inside 1 /8” pipe threads coming loose. Believe it or 
will be tapered and it not, this makes a really 
may be necessary to run a rugged mount. I have hit low 
3/8-24 tap all the way obstructions with the coil 
through so it will screw all hard enough to break off the 
the way onto the bottom bottom mast section with no 
mast section. The cast bush- damage to the coil, 
ings are not so good, but When the bushing is in, 
usually in the same bins there drill and tap for an 8-32 
will be ones that appear to be screw on the side of the pipe, 
machined and are also plated, through the PVC and into the 
A brass bushing would be bushing. Do this directly 
dandy. below the 1 ” point where the 

Screw this bushing into number 30 drill came out 



Fig. 4. Swr curves for typical big DK. 
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Fig. 3. The 1972 impromptu 
dual bander. 

opposite the penciled line. 
This screw will be used for 
the lower coil connection. 

Winding the Coil 

Winding the coil is really 
the most difficult part of 
construction, particularly if a 
lathe is not available. The coil 
is wound with 196 turns of 
#18 solid copper wire space 
wound to 12 turns per inch. 
The 40 meter tap will pass 
over the tap hole at the 71st 
turn. 85 feet of wire will be 
sufficient to wind the coil 
and leave plenty to play with 
on both ends. 

Before you go at it the 
hard way, check with one of 
the local adult education 
classes where someone is 
taking shop and a lathe is 
available. Set up the lathe for 
12 threads per inch, run the 
wire through a guide on the 
tool post, and it will take the 
operator about one minute to 
wind the entire coil. Note 
how the start and finish wire 
is dressed through the holes 
in the PVC coil form (see Fig. 
6 ). 

Also, if I am winding on a 
lathe, I spray a thin coat of 
adhesive on the pipe just 
ahead of the winding to help 


keep the wire in place. Some¬ 
times when I am not in a 
hurry, and can leave it in the 
lathe for a while, 1 brush on a 
generous coat of fiberglass 
resin or varnish over the 
windings and let the coil keep 
turning while the stuff sets 
up. This makes a very attrac¬ 
tive finish and it can even be 
painted to a color of your 
choice. Just be sure you are 
careful about the kind of 
paint used. No metallic 
particles, please! I have been 
that route. 

If resin or varnish is used, 
be sure to put a toothpick or 
some similar plug in the 40 
meter tap hole so it can be 
cleared later without 
damaging the wire. 

Those of you who have 
shrink tubing available can go 
ahead and use it over the coil; 
it works fine. Also, it is advis¬ 
able to drill a small drain hole 
on the side just above the 
bottom plug. I found this 
necessary as I unscrewed my 
coil one day to show it off. 
The coil holds exactly one 
coatsleeve full of water! 

As I say, if you can get to 
a lathe, you have it made. I 
would certainly make every 
effort to locate one. If not, 
there are other tedious ways 
to space-wind coils, but one 
this size gets to be a problem. 
Our luck has been that when 
the XYL and I are very care¬ 
fully winding one by hand, 
the phone will ring. The 
question is who drops what, 
or do you just start over only 
to have the whole thing 
“clunk" together at the very 
last turn? 

A popular way, of course, 
is to select another piece of 
wire or a string that will give 
the correct spacing, and then 



Fig. 5 . Preparing the coil form. 









wind it side by side with the 
coil wire. When the winding is 
completed and secured, the 
wire or string is carefully 
removed. 

Preparing the Coil Wires 

Remove the insulation 
from the end of the bottom 
coil wire and place it securely 
under the 8-32 screw that 
goes into the side of the 3/4” 
pipe bushing. I use a brass 
screw and then a dab of 
solder to be sure there is a 
good electrical connection. 
This is a low voltage point 
and it is wise to continually 
inspect all connections from 
here on down to the feedline 
to keep the l/R losses to 
absolute minimum. Dissimilar 
metals and constant exposure 
to the elements encourage 
trouble, causing corrosion in 
a very short time. 

For the 40 meter tap I use 
an eighteen inch piece of the 
inner insulated conductor 
from stripped RG-58U or 
other similar small coax. Strip 
the insulation from this inner 
conductor 2” on one end and 
3" on the other. Be sure there 
are no nicks in the wire. 

Remove the insulation 
from the coil winding that 
passes directly over the hole 
drilled for the 40 meter tap 
(turn 71). Be sure you don’t 
take any insulation off the 
adjacent windings. Clean out 
the hole under this wire. 

Now shove the wire just 
prepared down through the 
inside center of the coil form 
from the top so that the bare 
end stripped 2" comes out 
through the 40 meter tap 
hole. This is not hard to do. 
Put a long 90° radius on the 


bare 2” end and then hold 
the pipe and wire in such a 
way that as you shove it 
down toward the tap hole 
you have a good chance of it 
coming out on the first try. 

Pull this wire out so the 
insulation is tight up against 
the inside of the 40 meter tap 
hole. Use a small soldering 
iron and solder this wire to 
the winding that passes over 
the hole. Put a little bend or 
hook in the end of the tap 
wire to help hold it mechani¬ 
cally. Try applying a little 
pressure to this connection 
with the soldering iron, push¬ 
ing it just below the outside 
surface of the PVC. Don't 
push too hard or you’ll have a 
horrible mess. When soldered, 
carefully trim off the excess 
wire and examine closely to 
make sure there are no solder 
blobs or bitter ends touching 
the adjacent windings. 

Cut off the wire coming 
out of the coil from the 75 
meter hole so the wire 
extends three inches beyond 
the top end of the pipe. 
Remove two inches of insula¬ 
tion from the 75 meter wire. 
Tin both the 75 and 40 meter 
wires. Now your masterpiece 
should look like Fig. 6. 

Preparing the Tee 

The support for the two 
whips on top of the coil is a 
one inch PVC pipe tee that 
slips on the top of the com¬ 
pleted coil. When obtaining 
this fitting, ask for a "slip- 
slip-slip" one inch PVC tee 
for 1" schedule 40 PVC pipe. 
No threads. 

Drill two 5/16" holes, 1 
1/4” each side of center, 
through the top of the tee for 



Fig. 7. Preparation of PVC tee 
for top whips. 

mounting the two whips (see 
Fig. 7). 

It is important that these 
holes are absolutely parallel to 
both the sides and ends of the 
tee. A drill press is a big help 
here but it can be done with a 
hand drill if both sides are 
very accurately marked and 
caution is used while drilling. 
Don’t let the drill or the tee 
wobble and make the holes 
egg-shaped because this will 
affect the proper installation 
of the whips. Of course where 
I drill a large number at a 
time, I have cheated and 
fabricated a fixture so if I 
make a mistake I have a box 
full of instant surplus! 

Installing the Tee 

Align one open end of the 
tee so that it will line up with 
the hole where the 75 meter 
wire goes through the side of 
the pipe. Place the 75 and 40 
meter coil wires up into the 
tee and out their respective 
ends, and push the tee onto 
the coil end. Be sure that the 
open end selected is still lined 
up with the 75 meter wire 
hole. This is very important 
to provide maximum clear¬ 
ance between the 75 and 40 
meter connections. Also be 
positive that the two wires 



Fig. 6. Big DK loading coil. 
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are not crossing over each 
other inside the coil form or 
the tee. There are tremen¬ 
dously high voltages here and 
precautions must be taken to 
prevent arc-over. When the 
alignment of the tee is veri¬ 
fied, tap it all the way down 
onto the coil form as far as it 
will go. I use a rawhide ham¬ 
mer. 

Here again I have not 
found it necessary to use any 
PVC cement because this slip 
fitting is plenty tight and, if 
necessary, it can be driven off 
again. The coil now looks like 
Fig. 11. 

The Top Whips 

The top whips on mobile 
antennas usually take a pretty 
good beating from low 
branches and flourescent 
bulbs in service stations. They 
have to be flexible enough to 
give when an immovable 
object is struck, but still stiff 
enough to recover to the 
original position without 
taking a set. 

The position that a top 
whip maintains determines 
the exact resonant frequency. 
It should not wave around 
too much while underway. 
This is why I do not use, nor 
recommend, a spring mobile 
mount. The mobile antenna 
must maintain the same rela¬ 
tive position to the vehicle at 
all times to keep it at reson¬ 
ance. When you see someone 
tearing down the road with 
the antenna swinging wildly 
in the slipstream, you’d 
better get in contact quick, 
because by the time he gets 
down to the next corner he’s 
going to be out of range! 

Over the years I have tried 
various brands and combina¬ 
tions for top whips, but there 
was always something lack¬ 
ing. Many times the price 
bothered me. Currently I am 
using 1/4” diameter solid 
fiberglass poles covered with 
copper braid. The best source 
for these fiberglass poles in 
small quantities is the six foot 
bicycle safety flag. Cheap, 
too; less than a buck. 





Fig. 8b. Adjustable auto replacement whips. 



Fig. 8c. Adjustables on fiberglass whips. 


Probably the best source 
for the copper braid to slip 
over the fiberglass poles is 
some old scrap coax. I found 
some old RG-6U and used the 
silver tinned braid. It looks 
real classy while it is new. 

To make the whips using 
the fiberglass poles, cut two 
of them 50” each and slip the 
copper braid over them. Pull 
the braid up tight on both 
ends, give a good twist and 
cut off the excess (see Fig. 8). 

Later on, the whips can be 
painted, doped or just left as 
is. My Sunday antenna is 
striped FAA orange and 
white. It gets a lot of atten¬ 
tion. When the other driver 
hesitates for the second look, 
you get the jump on him at 
the traffic signal. 

Alternate Top Whips 

You might come up with 
some alternate top whips 
which will work as well as the 
cheapie bicycle flag poles. A 
couple of the local mobileers 
have used their retired fiber¬ 
glass CB whips and just 
pruned them down to reson¬ 
ance. Another ex-fisherman 
used two of his old tapered 
hollow fiberglass fishing 
poles. For the conductor, he 
just merely shoved a #12 
copper wire up through the 
center and, when it was 


trimmed to the proper length, 
he soldered a neat little 
corona ball on top. 

Automobile Replacement 
Whips 

I have also used a number 
of the automobile replace¬ 
ment whips (Fig. 8b). These 
are the type that slip over the 
5/16” diameter auto whips 
that get ripped off. One 
source is the Ward TCFR-1; 
another is Radio Shack part 
#12-1309. These telescopic 
whips are not really the 
greatest for mobile use 
because when they hit some¬ 
thing they normally bend 
and take a set which puts the 
antenna off resonance. 

For the travel trailers and 
mobile homes and other 
stationary installations, the 
replacement whips work out 
just fine. The advantage, of 
course, is being able to vary 
the length easily if you have 
the urge to move around the 
band. 

Installation of the Top Whips 

Installation of the braid- 
covered fiberglass whips is 
relatively simple. With the 
braid pulled tightly over the 
1/4” fiberglass poles, they 
will go into the 5/16” holes 
in the PVC tee with a very 
snug fit. Push the whips on 


through so the bottoms pro¬ 
trude out the bottom holes in 
the tee about an eighth of an 
inch (see Fig. 8). 

Pull the 75 and 40 meter 
tinned coil wire leads around 
their respective whips. Take 
up all the possible slack from 
inside the coil form arid then 
solder to the braid on the 
whips (Fig. 9). Be very 
careful that the PVC tee 
doesn’t get too hot. It melts 
very easily. Cut off any 
excess wire and dress so that 
sharp ends are pointing 
toward the outside ends of 
the tee. If you have some 
Glyptal, it won’t hurt to coat 
these connections. Don’t 
leave any debris that might 
encourage corona inside the 
tee. 

Use a piece of the leftover 
1/4” fiberglass rod for a 
spacer to hold the two top 
whips parallel. Cut the spacer 
2 1/4”; drill two small holes 
crossways close to both ends. 
Thread a 2” piece of bare 
wire through each hole. Place 
this spacer between the whips 
about 36" up from the tee, 
wrap the bare wires around 
the braid and then solder to 
hold it in place. 

Be sure you can identify 
which whip is which, and 
then plug up the open ends of 
the tee. Cap-plugs that are 
often used to protect pipe 
threads can be modified to 
snap in. Maybe you have a 
couple of spare plastic shot 
glasses. 

Finally glue, dope, epoxy, 
or what have you around the 
four holes in the tee where 
the whips fit. 

Bottom Section 

The bottom section of the 
mobile antenna should be 
installed to place the bottom 
of the antenna coil a mini¬ 
mum of 6” above the highest 
part of the vehicle. The 
length of the bottom section 
will vary with the location of 
the base mount on the 
vehicle. I have installed lower 
sections with lengths varying 
from 18” to 6 feet without 


degrading the efficiency of 
the antenna. Anytime any 
part of the loading coil is 
placed below the highest part 
of the vehicle, the radiated 
signal suffers considerably. 

Bottom Section Fabrication 

A very simple, sturdy and 
cheap antenna bottom 
section can be made from a 
piece of 1/2” EMT - thin 
wall conduit. Cut off the 
desired length and then in 
each end braze a 5/8” by 
1/2” long hex-head bolt. 
Chuck this up in the lathe 
and drill and tap 3/8-24 both 
ends (see Fig. 10a). 

If a lathe is not available, 
you’ll have to come up with 
the old “drill a hole in the 
bolt trick,” which could be to 
sneak it in on one of the local 
shop teachers while your coil 
is being wound. 

Antenna Mount 

While you are at it, you 
might as well go all the way 
and make your own base 
mount. This can be done with 
a 1” bolt and a few home¬ 
made insulating washers. 

Dig out a bolt that has no 
threads within a couple of 
inches from the head. Make a 
very square cut and saw off 
the threaded end and discard. 
Using the same "drill a hole 
in the bolt trick,” drill and 
tap a 3/8-24 hole 3/4" deep 
in each end. Cut out a few 
washers from some good insu¬ 
lating material and drill the 



Fig. 9. Detail of coil wires' 
connection to whips. 









Fig. 11. Completed loading coil ready for whips. 



Fig. 7 Oa. Lower mast section. 


centers of each with 3/8” 
hole. Assemble as in Fig. 10b. 

Matching Capacitor 

The capacitor across the 
antenna end of the feedline 
preferably should be a 
variable with a range that 
goes through 500 pF to 1500 
pF. I was able to pick up a 
few compression screw driver 
adjusts, Arco part #310. 
These worked out very well 
and they could be put right 
on the money for a good 
match. The way to adjust the 
cap is to jump back and forth 
from one band to the other, 
readjusting the capacity for 
the lowest swr on both bands 
with the same setting. This 
will affect the resonant fre¬ 
quency of the antenna a small 
amount, so be sure you have 
the capacitor in place and 
adjusted close to the correct 
value before pruning the 
whips the last few kHz. See 
Fig. 12a. 

If one of the adjustable 



Fig. 12a. Installation. 




Fig. 10b. Homemade antenna 
mount. 

trimmers cannot be located, 
start out with a fixed 820 pF 
silver mica. It is very possible 
the 820 pF will give an swr of 
1.1:1 or less. 

Pruning the Top Whips 

With the assembly in¬ 
stalled on the vehicle as in 
Fig. 12, connect the antenna 
noise bridge in the line and 
look for the resonant point 
on both bands. Using the 
braid-covered bike whips, 
each 50” long, will place the 
antenna quite low on both 
bands. Thinner whips, how¬ 
ever, will require lengths up 
to twenty percent longer. 

First of all, if you are 
using a variable inductor at 
the base, as in Fig. 12b, be 
sure it is set at the minimum 
inductance before you start 
pruning and tuning. 

If resonance cannot be 
located starting with the 50” 
whips, don’t overlook the 
fact it may be so low that it is 
at a point below the fre¬ 
quency range of the receiver. 

Slide the braid down on 
the whips, saw off one inch 
of the Fiberglass, pull the 
braid back up tight, give it a 
twist and cut off the excess. 
Continue this, cutting off 
shorter and shorter pieces 
until the desired resonant 
point is reached. It is very 
doubtful that the whips will 
be much shorter than 46” 
each when the antenna is 
completed. Don't get con¬ 
fused; be sure the proper 
whip is being trimmed, 
because it gets embarrassing 


when one of the whips keeps 
getting shorter and the fre¬ 
quency does not change. 
After the last and final prune, 
pull the braid up tight again, 
give it a twist, put a bit of 
solder over the end and trim 
off smoothly. 

Normally one inch re¬ 
moved from the 40 meter 
whip will raise the frequency 
50 kHz. One inch removed 
from the 75 meter whip will 
raise the frequency 25 kHz. 

Using the telescoping 
types of top whips will make 
tuning a lot easier, but you 
are not going to be happy 
with them mobile unless you 
have some of the excep¬ 
tionally good ones made 
particularly for this type of 
service. 

Random Info 

This antenna has been 
developed in various other 
directions: 160 and 75 
meters; some three banders, 
160-75-40 and 75-40-20; two 
whips on the same band, per¬ 
mitting CW and phone band 
without retuning the antenna; 
MARS and amateur. 

On mobile homes and 
travel trailers, a base section 
of approximately 14 feet, 
plus or minus a little, will 
permit operation on 20 in 
addition to 75 and 40 by just 
using the two whips. The big 
DK on the top appears as a 
top hat on the 20 meter 1 /4 
wave vertical. 

With the antenna mounted 
on the rear of the vehicle, the 
resonant frequency on 75 will 
go down as much as 30 kHz 
when a travel trailer is 
hooked on behind. Likewise, 
if you have the antenna 
installed on a travel trailer 
and then connect the tow 
vehicle — zip - down the 


band it goes again. The 
amount of shift depends on 
the location of the antenna in 
relation to the added vehicle. 

Don’t expect any direc¬ 
tivity from 75 or 40 mobile 
antennas. The pattern around 
a vehicle on a properly in¬ 
stalled 75-40 meter antenna is 
very symmetrical. If someone 
says "I’m headed toward you 
now and I should be louder," 
- don’t get sucked into 
agreeing with him. 

A properly matched 
antenna presents a 50 Ohm 
load at the base, and the 
length of coax feedline has no 
effect on the resonant fre¬ 
quency of the antenna. Of 
course I would not recom¬ 
mend a couple of hundred 
feet under the front seat; it 
gets sort of lumpy. 

It may be noticed that I 
did not mention “roller” 
inductors for the QSY var¬ 
iable coil at the base. There 
are other ways to produce a 
variable inductor, probably 
right out of the scrap box. 
Think about it. 

Another way to lower the 
frequency of a fixed whip is 
to alligator clip a “stinger” on 
the whip right above the tee 
and let it trail aft (see Fig. 
13). A clip and a piece of 
wire with an overall length of 
8” will move the 75 meter 
resonant frequency down 
about 30 kHz. 

One owner mounted a tiny 
telescopic antenna out of the 
75 meter end of the tee. He 
can reach this adjustable whip 
out of the pickup window 
while underway. We call him 
“Hot Fingers Ralph.” 

Another mobileer starts 
out early in the morning, 
checking into a weather net, 
and then drops 25 kHz down 
the band. He installed his 


Fig. 12b. Installation of variable inductor. 
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spacer at the very top of the 
whips. At the center he 
wedges in a 4” plastic spacer 
to bow the whips out from 
one another in the center. 
This four inch plastic 
temporary spacer is attached 
to a fishline leading into the 
car window. After he checks 
out of the weather net he 
jerks the spacer out and pulls 
it in the car. Presto! He’s 25 
kHz down the band. The next 
morning the spacer goes back 
in. This illustrates how im¬ 
portant it is to keep the two 


whips in the same relation to 
each other at all times. 

The bicycle poles with the 
braid covering are also doub¬ 
ling around Wireless Hill as 2 
meter verticals, VHF and 
UHF beam elements. Uses 
around the station are limited 
only to the number of 
bicycles ripped off. 

It is best to orient the tee 
on the antenna crossways to 
the vehicle. This allows for 
better fore and aft flexibility. 
Also it has been found that, 
with the tee aligned fore and 



aft, the turbulence from the 
leading whip creates a severe 
flutter to the trailing whip 
which causes the whole 


' to lower frequency in a pinch. 

assembly to vibrate. 
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A bout 18 months ago, I 

simple digital dial for my 
receiver. I ended up building 
a deluxe, no-compromise 
received frequency counter. 
Mv reasoning was that with 
TTL 1C and LED readout 
prices being so low, it would 
only cost a little bit more to 
go all the way. In retrospect, 
this appears to have been a 
wise decision. Component 
prices arc still declining. 
During the development 
period, I had occasion to use 
the digital frequency readout 
with single, double and triple 
conversion receiving setups. 
All I ever had to do to change 
over to the new receiver was 
connect its oscillators to the 
counter and reprogram the 
count direction for each oscil¬ 
lator by means of a few wire 
jumpers. 

The basic features of my 
digital frequency readout 
system are illustrated in Fig. 
1. The multiplexed up-down 
counter principle is used. 
Since 4 inputs are available, 
the system is directly appli¬ 
cable to up to triple conver¬ 



Tbe received frequency counter shown in place on top of my HRO-50T receiver. This chassis 
contains all of the circuitry described in the article except the crystal oscillator, power supply, 
and multiple radio interface. These are still in breadboard form and are not shown for aesthetic 
reasons. 


sion receivers. The up-down 
controls for each input are 
made available as external 
connections. This facilitates 


reprogramming the unit for 
use with a different radio or 
with more than one radio. I 
found that tri-state logic 


buffers (8T97B, e.g.) are ideal 
for a multiple receiver inter¬ 
face. 

The system has a 50 MHz 
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guaranteed, 75 MHz typical 
maximum input frequency. 
Its error limits are ±14 count 
times the number of counter 
inputs used, ± the timebase 
error. 100 Hz accuracy as 
well as resolution is readily 
achieved for a double conver¬ 
sion receiver with only a 6 
digit counter. Since the 
counter updates its display at 
a rate equal to one twentieth 
of its resolution, 10 Hz reso¬ 
lution is still usable. I built a 
7 digit counter with switch 
selected resolution. I don’t 
employ the higher resolution 
in normal operation, but it 
comes in handy when aligning 
the timebase and when using 
the counter on the test and 
development bench. And, like 
I said before, it only cost a 
little bit more to add the 
extra digit. 

Interface Design 

The success of any digital 
frequency readout system 
hinges on the user’s ability to 
connect it to his radios with¬ 
out upsetting their operation. 
Careful shielding and layout 
and avoidance of ground 
loops are necessary to ensure 
adequate isolation between 
the analog and digital cir¬ 
cuitry. The biggest headache I 
had occurred when I created 
a logic signal from a bfo right 
on the receiver’s chassis, then 
found I couldn’t keep it out 
of the i-f. You can probably 
save yourself a lot of time by 
avoiding that mistake. An 
easily implemented and rela¬ 
tively foolproof interface is 
shown in Fig. 2. Use an FET 
buffer close to the oscillator 
tank circuit to isolate it from 
the logic circuits. Bring the 
buffered signal to the 
counter’s chassis in coax with 
the shield grounded at only 
one end to avoid ground 
loops. If you have at least .6 
V p-p at this point, an in¬ 
verting tri-state buffer with 
resistor feedback will convert 
it to TTL levels. If gain is 
required, try a step-up trans¬ 
former. If you’ve got a lot of 
signal, install a protective 
diode at the 8T98’s input. 


That’s the circuit design. 

Systems considerations 
dictate a modular, expand¬ 
able packaging approach. To 
prevent spurious responses in 
the receiver, we need to 
shield the high speed digital 
lines and to isolate the oscil¬ 
lator signals from each other. 

For these reasons, I put 2 sets 
of the interface circuits 
shown in Fig. 2 in a 2!4” x 
1 W x 2” minibox. Female Fig. 1. Block diagram of digital frequency readout. 

BNC connectors mounted to 
the minibox wall bring the 
oscillator signals in. Feed¬ 
through terminals on the 
opposite wall couple the tri¬ 
state TTL outputs to twisted 
pair lines daisy chained 
between the miniboxes. Each 
minibox contains a single 
8T98 1C mounted in a wire 
wrap socket on a copperclad 
board. Isolated pads are cut 
to hold the discrete com¬ 
ponents. All of the interface 
miniboxes are enclosed in a F & 2 Oscillator-counter interface details. 

larger metal box to shield the 
twisted pair lines. These lines 
are terminated, as shown in 
Fig. 3, and additional drivers 
send the signals to the 
counter chassis via coaxial 
cable. 

While I haven’t tried them 
all yet, several techniques are 
available for expanding this 
digital frequency readout 

system’s versatility. By pre- Fig. 3. Interface bus details. 



Fig. 4. Counter front end and control circuitry. 
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This photo shows the methods used to mount the main logic and display boards. Note the 
direct wiring from 4 of the coax jacks to the multiplexer IC's inputs. 


scaling every oscillator, you 
can use it with VHF and UHF 
converters. A frequency mul¬ 
tiplying transmitter can be 
read out by connecting its 
vfo to 1, 2, 3 or 4 counter 
inputs, depending upon the 
band in use. With a voltage to 
frequency converter and addi¬ 
tional control circuitry, you 
could fashion a digital volt¬ 
meter with automatic correc¬ 
tion for offset voltage. Once 
you have the basic system 
built, I'm sure that additional 
uses will suggest themselves. 

Counter Front End 

The counter front end cir¬ 
cuitry is shown in Fig. 4. IC1 
is a dual 4:1 multiplexer. Its 
purpose is to scan the four 
COUNTi and the associated 
DN/UPi inputs, connecting 
each pair in ascending 
numerical order to the cir¬ 
cuitry which follows. Short 
lead lengths and power dis¬ 
tribution techniques are 
moderately important here 
due to the sharp rise and fall 
times of the signals involved. 
In particular, mount IC1 near 
a board edge so that short, 
direct point to point wiring 
can be used between it and 
the coax connectors on the 
chassis walls. 

The top multiplexer 
output clocks a 2 stage up- 
down counting prescaler 
implemented with Schottky 
ICs for high speed. Its count 
direction is controlled by the 
bottom multiplexer output. 
The flip flop and NAND gates 
at the prescaler’s output gen¬ 
erate the separate UP CLOCK 
and DN CLOCK signals 


required by the 74192 decade 
up-down counters which 
follow. 

Note that the control flip 
flop (IC8A) changes state 
synchronously with the UP 
CLOCK output. This ensures 
error free operation when the 
count direction is changed, 
but requires some additional 
precautions in the unit's 
design and application. With 
this technique, the last up 
count that occurs should have 
been a down count. Unless 
corrected, the display will be 
2 counts high. We correct the 
count in advance by starting 
it from -2 instead of 0 if there 
is going to be a down count. 


The unit assumes that if there 
is going to be a down count, 
then the fourth pair of 
counter inputs (labelled 
COUNT4 and DN/UP4) will 
be set for a down count. It 
can only correct for a single 
change of count direction so 
ensure that all of your oscilla¬ 
tors which require up counts 
are connected to lower num¬ 
bered inputs than those re¬ 
quiring down counts. 

Control Logic 

The control logic provides 
the signals which cause the 
multiplexer to scan the four 
inputs, store the final count, 
initialize the counters, and 
start the frequency measure¬ 
ment cycle over again. Its 
operation is diagrammed in 
Fig. 5. The frequency of 
TIMEBASE OUTPUT should 
be at half the desired display 
resolution. It is divided by 
the 74161 (a 4 bit binary up 
counter) to control the multi¬ 
plexer IC’s “select” inputs. 
Qd of the 74161 is used as 
the count gate. It works by 
enabling (low) or disabling 
the multiplexer 1C. The 
timing diagram shows that 


the frequency measurement 
cycle begins when a positive 
edge of TIMEBASE OUTPUT 
increments the 74161 to the 
all zero state. Subsequently, 
each count input and down- 
up control input is connected 
to the prescaler for precisely 
two periods of TIMEBASE 
OUTPUT. Qd then goes high, 
inhibiting further counts. 
This t ransitio n is followed by 
the STORE and RESET 
pulses. 

STORE loads the received 
frequency count into the 
recirculating shift register 
memories that are part of the 
multiplexed display drive 
system and synchronizes 
them with the digit strobe 
circuitry. 

RESET initializes the pre¬ 
scaler flip flops and sets up 
the 74161 for the next fre¬ 
quency measurement cycle. 
For reasons discussed pre¬ 
viously, this signal i s steered 
to CL EAR TO 0 or PRESET 
TO -2 depending on the state 
of DN/UP4 to initialize the 
main up-down counter. 

Don’t omit the RC net¬ 
work at the input of the 
7410. It’s needed to eliminate 
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Fig. 5. Control logic timing diagram. 
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a glitch and adds to the delay 
provided for the last count to 
propagate to the final counter 
stage. 

Main Counter 

Seven (or as many as you 
want) 74192 dual clock up- 
down counters are used as 
shown in Fig. 6. Note that 
the clear function requires a 
positive pulse while preset 
needs a low going pulse. The 
data inputs of the counters 
are connected to represent 
9999998 or -2 in BCD code. 
Their outputs are wired to 
the parallel load inputs of 
four 74165 8 bit shift 
registers. 

Multiplexed Display Drive 
Several advantages result 
from using a multiplexed dis¬ 
play. These include minimum 
parts count, lower cost, fewer 
interconnects and lower 
power dissipation. With this 
technique it is often a simple 
matter to mount the display 
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remotely in a window orig¬ 
inally intended for a re¬ 
ceiver’s slide rule dial. The 
actual displays are easily 
wired up. Just connect like 
segments in parallel and run 
individual digit strobes to the 
common cathode or common 
anode of each digit. Radio 
Shack sells a universal multi¬ 
plexed display PC board for 
this purpose which appears to 
be ideal for use with any of 
the larger LED digits. 

Using 8 bit shift registers 
for the display memory, 
rather than separate latches 
for each digit, helps keep the 
DIP count down. Data indica¬ 
tive of a received frequency is 
loaded into the registers 
shown in Fig. 6 by the 
STORE pulse at a 5 or .5 Hz 
rate depending on the resolu¬ 
tion. Subsequently, each 
SHIFT REGISTER CLOCK 
pulse moves the data one 
place (actually one digit) to 
the right. The four bits for 
each digit appear in sequence, 


most significant digit first, at 
the inputs of the seven seg¬ 
ment decoder driver 1C and 
are recirculated by means of 
the serial inputs to the shift 
registers. 

The digit strobes are gen¬ 
erated in a fifth shift register, 
shown in Fig. 7. This 1C 
contains a single “1 ” which is 
shifted down its length in 
synchronism with the re¬ 
ceived frequency data in the 
other shift registers. Simple 
buffers enable the "1 ” to 
turn on the LED digit corres¬ 
ponding to the data currently 
at the inputs of the 7 segment 
decoder/driver. High beta 
emitter followers with a pull- 
up resistor to +5 V at each 
shift register output will 
allow strobing of common 
anode displays. The buffer 
circuitry in Fig. 6 is for com¬ 
mon cathode displays and 
features the use of an inte¬ 
grated digit driver. I'd better 
point out that for common 
anode displays you should 


change the 7 segment decoder 
to a 7446. 

Interdigit blanking is in¬ 
corporated by connecting 
SHIFT REGISTER CLOCK 
to the active low blanking 
input of the 7 segment 
decoder. This eliminates 
ghosting effects seen in multi¬ 
plexed displays when one 
digit is not given sufficient 
time to turn off before the 
next digit is turned on. 
SHIFT REGISTER CLOCK 
can be as high as 10 or 20 
kHz if necessary or con¬ 
venient so display flicker 
needn’t be a problem. Use a 
signal from the timebase 
divider chain that has a high 
duty cycle (a Qd of a 7490) 
for minimum loss in bright¬ 
ness due to the interdigit 
blanking. 

Timebase 

To operate the received 
frequency counter, we need a 
switch selected 5 or 50 Hz 
TIMEBASE OUTPUT signal 










The rear panel connections are visible here. The coax jacks are 
for a direct input to a VHF prescaler, the 4 COUNTi inputs, 
and the 5 MH/ frequency standard. The barrier strip is for 
power, count direction control, and outputs from the input 
selector switch. 


as well as a SHIFT 
REGISTER CLOCK. To 
make the counter's resolution 
meaningful, these must be 
derived from a crystal oscil¬ 
lator of more than ordinary 


stability and accuracy. I 
chose a crystal oscillator fre¬ 
quency of S MHz for easy 
comparison to WWV. A 
cascade of 6 7490 decade 
counters yielded all of the 



Fig. 7. Digit strobe circuitry for common cathode displays. 
Modification for common anode displays is discussed in text. 


required frequencies. 

My timebase circuitry is 
shown in Fig. 8. The oscil¬ 
lator circuit is from an article 
by Kelley 1 . He described a 
circuit which employs a 4 
MHz crystal and also provides 
all of the output frequencies 
we need here. A significant 
advantage of his circuit is that 
he made a circuit board avail¬ 
able for it. 

How important is timebase 
accuracy? It doesn't take 
much more than .3 ppm error 
at 30 MHz to cause a 10 Hz 
received frequency error. To 
obtain such accuracy you 
must adjust the oscillator to 
zero beat with WWV using a 
visual indication of zero beat, 
such as a Lissajous figure on 
an oscilloscope, or your re¬ 
ceiver’s S meter. The oscil¬ 
lator should be aged by at 
least a week’s continuous 
operation with several hot- 
cold temperature cycles, then 
carefully temperature com¬ 
pensated. See Kelley’s article 
for a good description of 
these procedures. 

Power Supply 

Thanks to three terminal 
voltage regulators, power 
supply design holds no 
mystery. The only problem is 
finding suitable components 
at reasonable cost. I spent less 
than $12 on the major power 
supply components at a local 
Radio Shack store. The re¬ 
ceived frequency counter 


requires 5 volts at at most 1.5 
Amps. The transformer 
shown in Fig. 9 can supply 
twice that load. The second 
filter capacitor and regulator 
provide margin for powering 
the interface components and 
other equipment. 

Construction 

The major construction 
problem is how to intercon¬ 
nect all of the ICs. As dis¬ 
cussed earlier, display and 
timebase PC boards are avail¬ 
able. 21 other DIPs remain, 
plus whatever interface com¬ 
ponents you use. It’s not too 
great a chore to use wire wrap 
or a similar technique using 
solder strippable enamelled 
wire for these interconnects. 
Indeed, if you're at all serious 
about experimenting with 
digital ICs, you shouldn’t 
consider any other 
approaches. Economical alter¬ 
natives to Gardner-Denver 
tools are available from God- 
bout Electronics. You can 
even make your own. 2 With 
wire wrap, you’ll get your 
projects off the ground faster, 
be free to make changes at 
any time, and have an easier 
time debugging and trouble¬ 
shooting because the ICs will 
be in sockets. 

I make my own wire wrap 
boards by pushing the 1C 
socket leads through holes in 
"P” pattern vectorboard. It's 
not necessary to solder them 
in place; the wrapped wires 








Fig. 9. Power supply. T1 — Radio Shack #273-1511; BR1 — 
Radio Shack # 276-1146; Cl - Radio Shack #272-1020; heat 
sink - Radio Shack #276-1361. 


will be sufficient to hold 
them in place. The leads of 
discrete components can also 
be pushed through the holes 
and wrapped to or soldered 
to other component or socket 
leads. Bus strips for power 
distribution can be fashioned 
from lengths of 3/8 inch 
wide, 1/16 inch thick 
double-sided copperclad 
board. These will just fit on 
edge between push-in 
terminals placed in alternate 
rows of holes in the board's 
grid at convenient tap-off 
points. The photograph 
shows the technique applied 
to a 8K x 8 bit dynamic RAM 
board. Hopefully, it will give 
you an appreciation for some 
of the details I’ve glossed 

A word to neophyte wire 
wrappers: Limit yourself to 2 
wraps per pin. Connect top 
wraps only to top wraps and 
bottom wraps only to bottom 
wraps so that entire chains 
don’t have to be unwrapped 
in order to move a single 
wire. Keep your leads short 
and laid out neatly, but leave 
enough slack in them so that 
you can tug on one end of a 
wire and find the other end 
by noticing what moves when 
you tug. Avoiding mistakes is 
far easier than finding them, 
so be sure to pencil over each 
wire on the schematic as you 
put it in. 

Packaging of the resulting 
circuit boards can be as 
simple or as elaborate as you 
choose. The woodgrain 
finished aluminum cases 
which became available too 
late for me to use seem ideal 
for this purpose. In my unit, 
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separate display and counter 
boards are mounted at right 
angles to each other on 
adjoining chassis walls. The 
U-shaped chassis was bent up 
from a piece of scrap alum¬ 
inum and a cover fashioned 
from a salvaged chassis 
bottom plate complete with 
ventilation slots. A can of 
blue spray paint and a silver 
on black escutcheon for the 
front panel added character 
to this most economical 


enclosure. 

Checkout and Debugging 

When you’ve got all the 
DIP sockets wired up, it’s 
time to plug in the ICs, turn 
on the power and cross your 
fingers. Check each DIP with 
your fingertips. If one is pain¬ 
fully hot, it’s probably defec¬ 
tive. If it’s more than ordin¬ 
arily warm, it may have an 
output shorted to 5 V, 
ground, or another output. 
Don’t jump to false con¬ 
clusions here because counter 
and shift register chips run 
warmer than less complicated 
ICs. 

After passing this “smoke 
test,” it’s advisable to check 
the power and ground bus 
noise levels. Greater than 200 
mV p-p switching spikes or 
erratic operation that can’t 
otherwise be explained may 
indicate a need for more 
power supply decoupling 


capacitors. You should use at 
least a 47 uF tantalum bypass 
where the power leads attach 
to the board and additional .1 
uF disc ceramics for every 4 
or 5 ICs. This will suffice for 
a low ac impedance power 
distribution technique such as 
that described earlier. Less 
ideal methods may require a 
.02 uF capacitor at each IC’s 
power pins (except for the 
7490s, the standard corner 
pins) for reliable operation. 

Next, hook up and 
examine the display. With no 
COUNT inputs, you should 
be able to change the reading 
from 9999998 to 0000000 
by grounding DN/UP4. Put in 
a signal of known frequency 
from the timebase divider 
chain and you should get a 
display that is correct to the 
last digit. Repeat this step 
with different frequencies 
and you can check out all of 
the main counter and display 



Fig. 10. Dynamic RAM breadboard illustrates suggested construction technique. 















circuitry. Exercise each of the 

COUNT and DN/UP inputs 
and verify their proper opera¬ 
tion. This will complete the 
checkout phase. 

You can expect a problem 
or two during checkout. If 
one arises, try to isolate it to 
a functional circuit area. 
Check your wiring there and 
replace or swap any suspect 
ICs. 

The control logic can be 
proved out by verifying its 
timing diagram given in Fig. 5. 
If you don’t have a scope, 
substitute a debounced 
switch for the timebase out¬ 
put signal and measure the 
appropriate logic levels with a 
VOM or logic probe after 
each alternatio n of the 
switch. Measure STORE to 
the left of its coupling capaci¬ 
tor (Cl in Fig. 4) so as not to 
be misled by its narrow 
width. 

Most problems in the 
counter chain can be located 
by signal tracing. With a high 
enough input signal fre¬ 
quency, simply look for logic 
level transitions at the 
counter’s 0 outputs and at 
the interconnections between 
counter stages. 

Many display defects can 
be diagnosed from their 



Fig. 11. Front panel screening 
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View of the station with a junior operator helping debug my microprocessor/TV display 
system. The .19" MAN 4 display LEDs on the received frequency counter are too small to be 
seen from this distance. 


visible symptoms. A digit 
driver stuck "off” will blank 
its digit. One stuck "on" will 
cause its segments to glow 
with perhaps unequal bright¬ 
ness. Wiring errors between 
the segment driver and the 
segments or between the shift 
registers and the 7 segment 
decoder/driver will cause 
some numbers to be dis¬ 
played incorrectly. 

Conclusion 

One must own and use a 
digital frequency readout in 
order to fully appreciate its 
value, so I won’t expound on 

twork. 


the subject. The received fre¬ 
quency counter is more com¬ 
plicated than a conventional 
frequency counter, but its 
added complexity adds more 
to its versatility than to its 
cost. It’s not the simplest 
digital frequency readout 
available, but it's the only 
universal one I know of. To 
me, these points make it the 
obvious choice for construc¬ 
tion by a radio amateur and I 
hope you agree. 

All of the required ICs, 
with the possible exception 
of the Motorola MCI 4511 CP 
and the Signetics N8T98B, 
can be purchased from 73 
Magazine advertisers. These 


two are readily available from 
their manufacturers’ fran¬ 
chised distributors. In any 
case, I’m confident of being 
able to locate a parts source, 
so drop me a line if you have 
any problems. 

I’d like to hear your com¬ 
ments on this article. If suffi¬ 
cient interest exists, a printed 
circuit board can be made 
available. ■ 
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How Do You 
Use ICs? 


T he 7400 gate is the 
workhorse oscillator 1C. 
There appear to be more 
circuits using this one 1C than 
any other. It would seem the 
logical one to begin with. 

Its full name is quadruple 
two input NAND gate. As 
many of the ads will just list 
it as 7400 gale, let's leave it 
at that. You may also see it as 
SN7400N or something 
similar. The basic thing to 
look for is the number 7400. 

This identifies it as the 
7400 series of logic. This is 
the transistor transistor logic 
(TTL or t2l) family you 
want to start working with. 
There arc other devices in the 
7400 family; it just happens 
that the first one, the 7400, is 
the particular one we want. 

The name tells a few 
things about it. First it is a 
gate. A computer will make 
much of that, but for our use 
it’s just an identifying name. 
There are four of them in the 
package. These are identical 
units. This is helpful. Helps 
account for all those pins. 

It is a NAND gate. This is 
a specific digital logic 
function for a computer. At 
the moment it does nothing 
for us, so ignore it. 

Its use as an oscillator was 
chosen to familiarize the 
experimenter with the 7400. 
In a frequency counter the 
device would also be used to 
perform various switching or 
signal routing functions. The 
device is also adapted for 
mixing, product detecting, 
and small signal 
amplification. 

The oscillator circuits are 
more complex than many of 
these other uses, and easier to 
isolate and explain. Once the 
makeup of the device is 
learned, other uses and cir¬ 
cuits with them should be no 
problem for you. 

The first two questions 
are: Where does the voltage 
go and what are the other pin 
connections? Table 1 shows 
the various pin connections. 

Voltage is simple. Pin 14 is 
the Vcc pin and gets the five 


volts regulated. Pin 7 is the 
ground connection. This stays 
the same for all circuits using 
the 7400 gate. 

Each of the sections has an 
output pin. The output is 
between that and ground. 
The input, naturally, is 
between the input pins and 
ground. Here we have a slight 
problem, and embarrassment 
of riches, so to speak. 

There are two input pins 
to each section. This is not 
just an oversight by the 
manufacturer. They are 
supposed to be there, but it 
can be a problem in some 
circuits. 

The oscillator circuits 
seem to be quite tolerant in 
many respects. One of the 
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simplest is shown in Fig. 1 1 . 
This type of oscillator uses 
two gate sections. 

As all of the sections are 
identical, it makes no 
difference which two are 
used; however, physical 
layout may suggest using two 
on the same side of the 1C 
package. 

In this oscillator circuit, 
both input pins of each 


section are tied together. 
Usually one of the extra 
sections of the 1C is used as a 
buffer for the oscillator as 
shown. Here too the extra 
input is tied to the other. 

Fig. 2 2 shows a similar 
circuit. In this one the extra 
input is left floating. Notice 
that the crystal and the 
feedback capacitor have 
changed position in the 
circuit. A trimmer capacitor 



Fig. 1. 




has been added to alter the 
crystal frequency. Notice also 
that the values of the two 
resistors are different. 

There are a number of 
circuits which are quite 
similar to these two. From 
inspection it would appear 
that the circuit will operate 
over quite a wide frequency 
range. A trimmer capacitor 
may be added to change the 
crystal frequency, and the 
value of R1 and R2 is not too 
critical; values between 220 
Ohms and 2.2k Ohms were 
common. 

The original plan was to 
compare the performance of 
the various circuits and gather 
more definitive data about 
the operation and tolerances 
of the circuits. 

Unfortunately, I quickly 
learned something, which 
none of the articles mention, 
that has a direct bearing in 
experimenting with 1C 
oscillators. 

WARNING: Testing 1C 
oscillators can be extremely 
hazardous to your health! In 
all of the bench testing of 
experimental oscillator or 
other circuits I have done, I 
have never found any that 
caused as much or as severe 
TVI as 1C oscillators. 

|ust the one little circuit 
powered by a transistor radio 
battery was enough to 
obliterate Walter Cronkite. It 
completely took out almost 
all stations, both sound and 
picture. 

This meant that there was 
to be very little actual testing, 
and that confined to the 
more obscure hours. 
However, some data was 
obtained. 

To understand why there 
was so much TVI, it is 
necessary to go a little bit 


1. Gate One Input A 

2. Gate One Input B 

3. Gate One Output 

4. Gate Two Input A 

5. Gate Two Input B 

6. Gate Two Output 

7. Ground 

8. Gate Three Output 

9. Gate Three Input A 

10. Gate Three Input B 

11. Gate Four Output 

12. Gate Four Input A 

13. Gate Four Input B 

14. Vcc +5 Volts (Regulated) 

Table 1. 7400 pin 

connections (counted from 
top of device). 

into the theory of what the 
circuit is doing. Normally 
when you build an oscillator, 
you are trying for a sine wave 
output as free from 
harmonics as possible. 

The 1C oscillator is not 
actually an oscillator at all. 
The nearest thing to it in 
tubes would be the 
multivibrator circuit. It is not 
actually oscillating, but 
switching at a rate 
determined by the crystal. 
The digital ICs were built for 
switching purposes, and this 
is an adaptation of their 
ability to switch at high 
speed. 

The output is a form of 
square wave. It may not even 
be a pure square wave at that. 
What this means is that it is 
very rich in harmonic 
content. Also, the harmonic 
content is at about the same 
level as the fundamental. 

The 7400 is supposed to 
be guaranteed to 20 MHz and 
the harmonics go even higher. 
The lower the initial 
frequency, for example, 100 
kHz, the worse the TVI. 
There are so many 
subharmonics. 

Using a higher frequency 
crystal helps slightly, but 



there was still awful trouble 
with a 3 MHz crystal. As far 
as a TV set goes, the 
interference is the worst on 
the lower channels and seems 
to drop off slightly with the 
higher channels. 

Another fun thing about 
ICs is that they love to 
oscillate all by their lonelies. 
Take out the crystal and the 
circuit still oscillates and still 
generates TVI. 

It was not possible to 
determine the frequency at 
which this was going on, as 
the oscilloscope wouldn’t 
show it. This too is something 
of a problem. The 100 kHz 
oscillator used did not show 
the correct pattern on the 
scope. It appeared that there 
were so many subharmonics 
present that the trace could 
not be stopped to show just 
the fundamental. 

This 1C horror story has a 
slightly happy ending. In 
actual use there may not be 
too much trouble with them. 
The basic factor in the TVI 
problem occurs in testing. 
Any meter or scope lead 
looks like an antenna and the 
thing takes off. 

They also have a tendency 
toward some form of 
spurious oscillation along 
with the desired one. Be 
generous with the bypassing. 
The test circuit bypassed 
both the input and the 
output of the regulator and, 
at the same time, the 1C Vcc 
pin. 

The 1C seems to find the 
signal it wants in all that 
mess. The later divider 
circuits seem to function at 
the correct frequency. It just 
looks like testing is going to 
be trouble. The test leads 
themselves are going to 


broadcast the crud. 

The problem with the 
oscilloscope might be solved 
by using a triggered scope. 
Then the waveform might 
hold still for viewing. 

When the test circuit was 
set up inside a shield, the TVI 
problem disappeared. All well 
and good, but it may still be a 
problem when any cable is 
connected to the output, for 
example, of a frequency 
standard. You may still be 
broadcasting harmonics to 
more than just your receiver. 

This should also be kept in 
mind for inside the 
equipment. While the 1C 
seems to respond to the 
desired frequency, there may 
be many spurious signals 
generated that will be floating 
around inside of the 1C 
equipment. 

The square wave is 
inherently a harmonically 
rich signal. While the specific 
1C it connects to may not be 
affected, a stage designed as 
an rf amplifier or other linear 
signal handling stage may 
respond to this as easily as to 
the desired signal coming in 
from the antenna. 

Be prepared for TVI 
problems if you are going to 
do much testing of circuits 
before you use them. ICs are 
such that there should not be 
too much need to test or 
experiment. If the circuit is in 
use in a similar piece of 
equipment, it should be what 
you need for your equipment 
and will probably work as 
well. 

The two circuits shown so 
far are quite similar in 
configuration. A somewhat 
more complex type of circuit 
is shown in Fig. 3 3 . 

Instead of the two 



Fig. 2. 


Fig. 3. 





resistors being between input 
and output of the two 
sections used, the resistances 
are between gate input and 
ground. 

The oscillator output is 
capacitor coupled to the two 
section buffer stage. The 
buffer input gate has a 
resistor to ground and the 
buffer output stage is 
resistively loaded and 
capacitor coupled. 

This is another wide range 
circuit with a trimmer 
capacitor to change the 
crystal frequency. The only 
part which seemed to be 
critical was the 47 pF 
oscillator coupling capacitor. 
Other values around it 
worked, but not something 
like the .001 or .01 values 
used in some of the other 
parts of 1C circuits. 

Fig. 4 4 shows a circuit 
similar to Fig. 3. Here the 
gate outputs are connected to 
the Vcc pin through equal 
resistors. Another difference 
is the direct connection 
between the input of the first 
gate and the output of the 
second. The feedback (?) 
capacitor in this circuit goes 
to the Vcc pin. Notice the 
change in the usual value for 
this capacitor and the 
addition of the 150 Ohm 
resistor between the input 
and output of the second 
section. 


The tolerance of this 
capacitor, while not critical, 
is not as broad as with some 
other circuits. The oscillator 
output is directly coupled to 
the following buffer stage. 

While in detail these 
circuits do have differences in 
their configuration, an overall 
view shows that they are 
more similar than different. 
They have a number of 
features that are almost the 
same for all. 

This allows us to 
generalize a bit about 1C 
oscillator circuits, which will 
help to simplify them and 
make them more easily 
understood by inspection of 
the schematic. 

The most common 1C 
oscillator circuits use two 
gates for the oscillator 
section. The remaining gates 
are often used for buffers. 

With the 7400 oscillator, it 
is common to leave the 
unnecessary gate input of 
each section floating. The 
two gate inputs may also be 
tied together. 

Each gate section of the 
oscillator has a resistor of 
equal value. This may be 
between each gate input and 
its output pins, between 
input and ground, or between 
output and ground. 

There is usually some sort 
of feedback or coupling 


capacitor of a value of .01 to 
.1 uF. The output of the 
oscillator is usually either 
directly coupled to the buffer 
stage or is capacitivcly 
coupled. 

They normally operate 
over a wide frequency range 
and most circuits show a 
trimmer capacitor in series 
with the crystal for minor 
adjustments. 

There are, of course, 
variations in the circuits. 
However, by the time these 
normal features are noted and 
looked for, what little 
remaining that is abnormal 
will be easily spotted and 
understood. 

By thinking of these 
circuits as sections of this 1C, 
it will not be long before you 
can recognize and place any 
sort of 1C oscillator circuit of 
its type. 

One thing to remember is 
that the circuits use two gate 
sections. The 7400 is a 
NAND gate. There are other 
gates that will also work and 
other families of ICs which 
will also work. The circuits 
will be much the same in 
configuration and the parts 
values will be similar. 

There are circuits shown 
that are able to operate with 
one gate section instead of 
two. These should not be a 
problem to understand, as 
they are as simple as the 
others. 

There was one example, 
Fig. 5 s , of a circuit that 
returned several of the 
unused gate inputs to the Vcc 
source pin. One gate input 
was used as a switch to turn 
the oscillator on and off by 
connecting or disconnecting 
to the Vcc source. This does 
not appear to be common, 
but it obviously can be done 
and might fit some 
requirement you have. 

You will also see circuits 
drawn with the rectangular 
shape of the unit instead of 
the section symbols. All this 
requires is a look at the pin 
chart to figure out what goes 
where. 


By now you should have 
little trouble redrawing the 
circuit in Fig. 6* to the 
sectionalized symbols and 
seeing how it resembles other 
circuits. 

Which schematic 
representation is used 
depends on how the 1C fits 
into the whole equipment. If 
it is sectionalized so that one 
gate may be applied to 
another circuit, it is more 
common that it be drawn 
that way and the sections 
labeled U IA, U1B, etc. 

If the 1C is completely 
used by the particular section 
of the equipment, it may take 
less schematic space to draw 
it as a rectangle and just put 
the pin numbers around the 
edge. There is no hard and 
fast rule. 

The nice thing to 
remember is, for the most 
part, that you can take any of 
these circuits and simply drop 
them into the place you want 
them in your own equipment, 
with a high degree of cer¬ 
tainty that they will work. 

This leads to the next 
logical question: What if it 
doesn’t work? Another nice 
thing about ICs is that the 
low voltage level and the 
general simplicity of the 
circuit make troubleshooting 
easier. 

If you duplicate a known 
circuit you should have no 
trouble, but if you are 
making parts substitutions 
you may have to cut and try 
a bit. 

If it doesn't work at all, 
the first thing to check is the 
supply voltage and then the 
wiring. Be sure you read the 
1C pins correctly and got the 
components to the right 
terminal. 

If that isn't it, try varying 
the feedback capacitor value 
above and below what you 
are using. The next step 
would be to change the 
resistor pair to a higher or 
lower value. Be sure it is 
enough of a change to make a 
difference. 

Testing the circuit 


Fig. 5. 
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Fig. 6. 


outboard is one way to get 
the bugs out. You might have 
a defective 1C section which 
is easy to test by substitution 
before you solder the 1C in. 
Sockets can be very handy. 

It might be the crystal. 
Normally 1C use will not 
damage a crystal, but some 
crystals are more active than 
others. Try another crystal in 
the circuit. The 7400 is 
designed for 20 MHz or lower 
so don’t expect a high 
frequency overtone crystal to 
work well. 

While you are 


breadboarding, it is not that 
hard to try one of the other 
circuit configurations. That 
might just solve the problem. 

One of the more easily 
noticeable problems is a slow 
starting oscillator. If changing 
the crystal doesn’t make a 
difference, it is most likely a 
question of wrong parts 
values. In this case, the 
resistances should be varied, 
although it might be the 
feedback capacitor. 

As TVI is a problem, 
testing will have to be brief. 
1C oscillators are not shy 
about telling you if they 
work. A triggered scope 
would be the first choice, but 
any scope will show if 
oscillation is taking place, if 
the frequency is not too 
much higher than the scope 
will show. 

You should be able to hear 
it on a monitor receiver, and 
it probably will show on your 
TV set. The TV set won't tell 
you if it is the correct crystal 
frequency or self-oscillation, 



Fig. 7. (Fig. 


though. 

Most of the 1C oscillators 
are designed for clock, 
counter or other contin¬ 
uously running circuits. 
You may have to experiment 
to find a circuit that works 
well when keyed fast, such as 
one used for a CW 
transmitter. Here the monitor 
receiver is first choice. If it 
sounds OK locally, it will 
probably work in the finished 
circuit. 

With the circuits tried, it 
was hard to find one that 
wouldn't work over a wide 
range of parts values. 
Individual requirements 
would suggest some testing to 
see that all conditions are met 
by the oscillator before 
installation. 


6 redrawn.) 

When the unit is finished, 
it’s a fine time to find out 
that the oscillator won't key 
properly or doesn’t work at 
all. ■ 
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QRP Fun on 40 
and 80 


-- have a real ball with just 5 Watts! 



Si Dunn K5JRN 
3607 Binkley 
Dallas TX 75205 


N ostalgia can do funny 
things to a ham. Re¬ 
cently, I recalled the one tube 
transmitter that first got me 
on the air as a Novice back in 
1957. And before I knew it, I 
was doodling a schematic and 
looking through my junk box 
for parts to build a similar rig. 

My first 6AQ5 oscillator 
was quite a peanut whistle. It 
put out enough rf to burn out 
the flashlight bulbs I link- 
coupled to the tank coil for 
tune-up. And that was 
enough power to work all 
states and some DX on 40. 

The transmitter described 
in this article has several 
applications: (I) its circuitry 
is simple, so many beginners 
and “appliance operators" 
should be able to build it and 
get it on the air in a matter of 
hours; (2) its 4 to 5 Watt 




tank coil is one and a quarter 
inches in diameter. I used a 
film container from a roll of 
35mm Kodak film. A card¬ 
board tube also would work, 
and so would a piece of 
broomhandle. A good home 
brewer makes do with what 
he's got. Don't be afraid to 
substitute parts of nearby 
values for the ones in this 
circuit. 

The tank coil - 15 turns 
of #22 enameled copper wire 
- and the 365 pF variable 
(C2) resonate both on 80 and 
40 meters. Care must be 
taken not to double an 80 
meter crystal to a frequency 
outside the 40 meter band. 
Eighty will appear with the 
variable’s plates meshed 
about 80 percent, and 
resonance on 40 will be with 
the plates about 40 per cent 
meshed. 

Trimmer capacitor Cl is 
adjusted for best keying char¬ 
acteristics while listening to a 
harmonic of the transmitted 
signal. 

Early morning is my 
favorite time for QRP work. 
At 5 or 6 am, many fre¬ 
quencies on 80 and 40 are 


input is ideal for QRP work; 
and (3) it’s cheap — a good 
parts scrounger can build it 
for a few bucks at most. Even 
if everything has to be pur¬ 
chased new, the cost can be 
kept below $20. 

I built mine straight out of 
the junk box and had it on 
the air in five hours, including 
the time spent in drilling and 
filing holes in the 454 x 654 x 
2 inch aluminum chassis. 
Parts layout is not critical, 
but a beginner building his 
first rig might want to use a 
slightly larger chassis. 

The power transformer 
used in this rig is rated at 15 
milliamperes continuous ser¬ 
vice. However, I’ve ex¬ 
perienced no difficulties 
while drawing 20-25 milliam¬ 
peres on CW. Naturally, the 
key shouldn’t be held down 
for more than a few seconds 
at a time while tuning up. A 
transformer with a slightly 
higher voltage and current 
rating could be substituted, 
with a corresponding increase 
in input power. 

My third “CQ DE K5JRN 
QRP” brought a 579X report 
from a 500 mile daylight hop 
on 40 meters. Since then, this 
rig has given me hours of 
operating pleasure and many 
fine QSOs. A good antenna is 
desirable, but my dipoles are 
only 8 feet high. 

While simpler transmitters 
can be built, this one is just 


about the bare minimum; no 
VFO, no meter and no band- 
switch. Crystal control 
requires a bit more patience 
than VFO operation, but 
plenty of contacts can be 
made with just a couple of 
"rocks." With Novices now 
able to use VFOs, crystals can 
be picked up dirt cheap at 
hamfests and surplus stores. 

Tune-up is simple. Con¬ 
nect the rig to a dummy load 
or to a 50 to 75 Ohm 
antenna. Temporarily slip a 
two turn link soldered to a 2 
volt flashlight bulb over the 
tank coil, and tune for maxi¬ 


mum brilliance. The full wave 
voltage doubler circuit 
delivers about 200 volts 
under load, and the 6AQ5 
plate draws 20 to 25 milliam¬ 
peres (four to five Watts 
input). 

Tune-up also can be 
accomplished with a field 
strength meter, if you have 
one, or with the forward scale 
of an swr bridge. If you really 
want to get fancy, you can 
add a 0-50 or 0-100 milliam- 
pere meter between RFC2 
and the B plus. 

The plastic form for the 
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T he hybrid quad is a little 
used, little discussed 
antenna design that has been 
largely neglected by the ham 
community. One reason may 
be the lack of data available 
from the various texts cover¬ 
ing antenna design. Over the 
past few months, the number 
of amateurs that have shown 
interest in the antenna, and 
the requests I have received 
for the specifics of its con¬ 
struction, have given the 
incentive for writing this 
article. 

It must be noted that the 
design I chose is not the only 
possible combination in an 
antenna of the hybrid quad 
design. I do feel that the 
rewards of building and oper¬ 
ating with my particular 
antenna demonstrated to 
others and myself its partic¬ 
ular qualities over other two 
element arrays, especially for 
those amateurs looking for 
performance on a budget. My 
antenna, complete and ready 
to use, cost under 150 
dollars. This included all 
hardware, coax, rotor, and a 
ten foot tripod. 

The parameters for the 
basic layout are determined 
from studying the important 
characteristics of the full 
wave loop and the half wave 
dipole in their individual 
arrays. The spacing for the 
elements, especially the deter¬ 
mination of using a reflector 
instead of a director, came 
from design characteristics of 
the two element yagi array. 
The feedlinc impedance and 
connection is that of a full 
wave loop array. The ARRL 
Antenna Book furnishes these 
basics. 

Description 

The true advantages of the 
full wave element are realized 
when used as a driven ele¬ 
ment. Through comparison, it 
was found that the noise level 
is lessened while signal level 
increases over that of a 
dipole. The feedline of a quad 
may be directly connected 
without any matching 



devices. At my QTH, it was 
easy to make the one and 
only length adjustment, from 
the peak of the roof that the 
tripod is mounted on. The 
only test equipment needed is 
an accurate swr bridge. The 
loop makes an excellent 
match to RG-11/U. judging 
from the standing wave, 
demonstrated in Fig. 2, the 
two element array interacts 
for a feed match impedance 
of approximately 70 Ohms. 

In all probability, the two 
element quad will outperform 
the hybrid version. There are 
two reasons for the design 
compromise. The first is cost. 
When working out the 
original parts list, I found it 
was far costlier to make the 
reflector a full wave loop. 
The weight would increase. 
The balance point would also 
have to be changed, and in 
doing this the windload of 
the antenna would increase 
dramatically. The result - the 
necessity for much heavier 
hardware, boom, and a 
heavier duty rotor. All of this 
adds to the cost of the 


Fig. 1. a = 36] b = 13.85'. L 
trimmed for lowest swr. 

antenna. The second point to 
mention would be the added 
fragility of the full sized quad 
versus the hybrid quad. 

Due to the probability of 
ice and heavy rainstorms, the 
quad is best built in the dia¬ 
mond configuration. The 
entire structure, including the 
boom, is assembled from 
lightweight aluminum. 1!4 
inch tubing is used for the 
boom and mast sections. The 
quad supports and the reflec¬ 


1004jf(MH/). Note: Must be 


tor element are made from 
telescoping I inch to % inch 
tubing. The wire for the 
driven element is number 14 
aluminum. The insulators are 
wood dowels treated with 
lacquer for waterproofing. 
They are inserted into the 3 /t 
inch tubing ends and clamped 
down. 

Construction 

The two pieces that make 
up the quad structure are 


The 

Hybrid Quad 

-has low windload, expense, hassle 


Sgt. Ralph J. Volpe USAF WB8VCS/5 
3333 Weir Ave., Lot #10 
San Antonio TX 78226 






Fig. 2. Hybrid quad standing-wave chart, adjusted to 14.175 
MHz. 


made from telescoping alum¬ 
inum sections to an approxi¬ 
mate length of 26 feet. This 
can be accomplished by using 
a twelve foot tubing of 1 inch 
diameter. Into this tube you 
insert a section of 7/8 inch 
tubing. Finally, a 3/4 inch 
tubing can be inserted and all 
three adjusted for the appro¬ 
priate length. Adjustable 
clamps used for plastic pipe 
can be used to make fast the 
sections of aluminum. See 
Fig. 3. The wood dowel insu¬ 
lators are telescoped into the 
end openings and clamped 
down. Small diameter holes 
are drilled in the wood 
dowels. The wire element is 
threaded through these 
during final assembly. 

The reflector is similarly 
constructed. The ends of the 
reflector are capped with 
plastic furniture leg caps of 
appropriate size. The re¬ 
flector is adjusted for the 
proper length and balance, 
then drilled in the center of 
the 12 foot section of 1 inch 
tubing. A TV type U bolt 
with jaw is inserted and 
fastened to the boom, as are 
the cross sections of the quad 
structure. 

The measurements given 
are for 20 meter operation. 
They can be easily scaled for 
another band. If a director is 
used instead of a reflector, 
the actual spacing will be 
more critical. A director 
arrangement will show 
slightly more gain at its 
design frequency, with a 
more restricted bandwidth. 
Being more interested in ease 
of construction and total 


bandwidth, the director is 
ruled out and dimensions are 
calculated for a reflector. 

A total spacing of .2 wave¬ 
lengths with a reflector length 
of .51 wavelengths will give 
the best forward gain with an 
acceptable front-to-back ratio 
over the entire band, with the 
design frequency around 
14.175 MHz. The actual gain 
of the array figures at 7.1 dB 
over a half wave dipole. This 
includes the gain of the full 
wave loop over a dipole as a 
driven element. The front-to- 
back ratio approximates 14 
dB with the front-to-side 
ratio much larger. The Q of 
the antenna approximates 
4.7. 

The boom is made of VA 
inch tubing 14 feet in length. 
As this will show some 
sagging, a strut type support 
is used from the mast to 
absorb the excess strain. The 
boom to mast bracket can be 
fabricated from a piece of 
aluminum stock with TV 
type U bolts and jaws. The 
mast is extended beyond the 
boom by 4 feet and nylon 
guys connect the elements at 
the ends of the boom. 

A length of 36 feet is used 
for the reflector. The spacing 
from the driven element is 
13.85 feet. This element 
should be tightened down 
while the array is on the 
ground. 

For 20 meters, a length of 
74 feet can be used for the 
wire loop for a start, trimmed 
for the appropriate operating 
frequency. If 14.175 MHz is 
used as the center frequency, 
the curve for standing waves 


will be very similar to the one 
shown in Fig. 2. The use of a 
1 to 1 balun could be used to 
further balance the currents 
and flatten the swr. RG-11 /U 
will match directly to the 
quad. The transmission line 
should be connected to the 
lower corner of the diamond. 
A plastic refrigerator con¬ 
tainer was used on my 
antenna to enclose the 
antenna to transmission line 
connections. A homemade 
toroid balun could also be 
enclosed in the container. If 
the builder would rather use 
50 Ohm coax, an appropriate 
matching section could be 
employed. 

The mast is connected 
more toward the quad ele¬ 
ment to balance the weight 
and windload on the antenna. 
A distance of from 4-6 feet 
may be determined by trial 
and error. 

Operation 

The moment of truth has 
come. The questions that 
arise are numerous; most can 
be answered by examing the 
reasons for its construction: 

For simplicity and 
efficiency sake, the 
single band design is 
used. 

Total cost of 
antenna materials and 
installation. 

Efficiency and low 
angle of radiation at 
lower heights above 
ground; one specific 
advantage of the quad 
over the dipole. 

A low Q design for a 
broad bandwidth for 
full twenty meter oper¬ 
ation without prohibi¬ 
tive standing waves at 
band edges. 

Possible ice and 
wind damage had to be 
considered in the struc¬ 
ture design. 



Fig. 3. 


The design, con¬ 
struction and adjust¬ 
ment had to be within 
the capabilities of any 
simply equipped sta¬ 
in operation I have 
noticed the specific character¬ 
istics of the antenna. There is 
an excellent front-to-side 
ratio, of an average 30 or 
more dB in attenuation. This 
has been verified in reception 
and transmission. The front- 
to-back is more difficult to 
determine. The farther away 
the other QTH, the more 
noted is the directional atten¬ 
uation. Averages range from 
12 to as much as 20 dB. 
When short skip conditions 
are in effect, the front-to- 
back is noticeably less. 
Although I can only suppose, 
I feel this is due to a plain 
distance effect between the 
quad element and the reflec¬ 
tor at varied radiation 
heights. 

Conclusion 

I work many DX stations 
with 30-100 Watts SSB. The 
reports I received from these 
amateurs are quite favorable. 
In the states, my signals are 
compared with those of sta¬ 
tions using the full power 
limit. With 1000 Watts PEP I 
can very successfully compete 
in most of the DX pile-ups. 
My antenna is at a very 
modest height of 32 feet. The 
rotor I have been able to use 
without problem is an old 
TR-2. 

I will not try to compare 
this antenna with those of 
larger design and complexity. 
My main desire is to open 
some thought to an antenna 
design that may be very use¬ 
ful to the do-it-yourself ama¬ 
teur. If you want an antenna 
that performs very well at 
low heights, is very efficient, 
easily built and adjusted, 
demonstrates exceptional 
directivity and broadbanded¬ 
ness, and all this at a cost 
most of us on a budget can 
afford, you may find this an 
antenna to strongly con¬ 
sider. ■ 
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Frequency Detector 
for Your Counter 

- - sounds alarm when set frequency occurs 


N ow that you have spent 
a small fortune on LED 
readouts, ICs, and assorted 
goodies, and countless hours 
to build that frequency 
counter, it is time to create 
another valuable addition for 
that basic tool. 

What we are about to 
describe is an inexpensive 
device that will detect any 
frequency that your counter 
is able to display and activate 
an alarm of your choice 
(horn, gong, etc.). Even if the 
selected frequency occurs for 
only a fraction of a second, 
this device will trigger and 
lock until reset manually. The 



Fig. 1. Typical counter stage. 


frequency desired is set with 
the use of inexpensive 
decimal (not BCD) type 
thumbwheel switches. 
Enough switches must be 
employed so as to cover the 
number of digits in your 
counter. In this manner, the 
desired frequency can be 
pre-dialed to the last cycle. 

Even if the thumbwheel 
switches are not available, 
common garden variety single 
pole multi-position rotary 
switches can be pressed into 
service for this device. 

When you are using your 
frequency counter to measure 
a transmitter VFO frequency 
or output frequency, an 
alarm such as this can be used 
to provide indication of an 
amateur band edge. Not only 
this, but a specific frequency 
can be “switched up" with¬ 
out even having to look at 
your counter or VFO dial, 
and the alarm will sound 
when you have arrived at the 
preset frequency. This feature 
would lend itself nicely for 
use by blind amateurs. By 
cutting a small notch in the 
“0“ thumbwheel, the digits 
of the switch could be 
counted mentally by clicks 
until the desired digit was 
selected. This would make 
the average frequency 
counter usable by the blind, 
as he could “hear” the dialed 
frequency. In fact, a counter 


without readouts could be 
constructed for the blind 
amateur. 

This device may be used 
with gadgets such as digital 
thermometers, clocks, 
etc., as an alarm. It is 
necessary only to have a BCD 
(binary coded decimal) 
system driving decoders for 
your particular type of 
readout. The conventional 
counter uses a 7490 decode 
counter driving a 747S quad 
latch, which in turn may drive 
a 7441 (Nixie decoder) or a 
7446 (7 segment decoder). 
The binary data may be taken 
from either the binary (BCD) 
output of the 7490 or the 
7475. In some counters (el 
cheapo type), the 7475 
memory is eliminated and the 
7490 drives the 7441, etc., 
decoder directly. In these 
cases, the BCD information 
must be sampled at the 7490 
BCD output. When the 7475 
is included, sample at the 
7475 latch BCD output. A 


typical counter stage is 
illustrated in Fig. I.The BCD 
sample points are shown for 
both types of counters, with 
and without the 7475 latch. 

Now that you have 
determined at what point 
BCD sampling can be made, it 
is necessary to obtain as 
many SN7441 Nixie 
decoder/driver ICs as your 
counter has digits. In other 
words, if you have a six digit 
counter, six 7441s must 
be used. Each decade of your 
counter will provide BCD 
data for each 7441 decoder. 
The 7441 decoder has a BCD 
input and 0-9 output. This 
integrated circuit translates 
the BCD incoming data to 
decimal notation by 
grounding the appropriate 0-9 
pin. Basically what you are 
doing is adding an additional 
decoder separate from the 
one that is presently driving 
your readouts. 

Rather than to feed a 
readout with the 7441 new 



Fig. 2. Povxr supply. Cl: 3000 mF, 25 V. C2: 100 mF, 25 V. 
D1-D4: 1N4002 silicon diodes. FI: 1 A, 120 V fuse. Tl: 120 
V ac to 6.3 V ac, 1 A filament transformer. Ul: National 
LM309K5 V regulator. 
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Fig. 3. Transistor-SCR alarm latch. Q1-Q8: 2N3905 PNP. silicon transistors. Q9: 2N506I 
sensitive gate SCR. RYJ: 6 V dc, 335 Ohm coil relay (Potter and Brumfield RS5D); any 
sensitive 6 V dc relay will suffice. R1-R8: 1000 Ohm, % Watt carbon resistors. 



T 


Fig. 4. 7441 drivers. U1-U8: SN7441 BCD to decimal 
decoders. 


decoder, it now is used to 
“drive" the 0-9 pins of the 
decimal thumbwheel switch. 
As numbers are decoded by 
the 7441, a ground appears at 
the appropriate thumbwheel 
switch position. If the 
thumbwheel is set at this 
particular position, the 
ground will appear at the 
common or output of the 
thumbwheel. 

The additional 7441s will 
also require plus 5 V dc for 
operation. This usually can be 
extracted from your present 
TTL 5 volt supply in the 
counter. If not, Fig. 2 
illustrates a simple 5 V dc 
regulated supply. 

Now that each of the 
digits in your counter chain 
has been sampled and is 
driving a thumbwheel switch, 
the alarm activation system 
comes into play. If all of the 
thumbwheel switches are set 
to a desired frequency and 
the counter displays this 
frequency, all of the 
thumbwheel switches will 
reflect a ground condition. 
By feeding the "common” of 
the thumbwheel switch to the 
base of a PNP switching 
transistor, a ground condition 
will cause the transistor to 
conduct. All of the transistors 


are placed in series so that 
when all of the thumbwheel 
switches reflect ground, all of 
the transistors will conduct, 
then completing the alarm 
circuit. 

Our particular alarm 
circuit uses an SCR which has 
the ability to lock up or latch 
with a dc circuit (Fig. 3). The 
SCR will remain latched until 
the reset button (normally 
closed) is depressed, resetting 
the SCR. If the latch type of 
system is not desired, an 
ordinary reed type relay can 
be activated by the switching 
transistors. In this system, the 
alarm would sound when the 
counter frequency was 
achieved and then cease as a 
different frequency appeared. 

Fig. 5 illustrates the pin 
numbers for the A, B, C and 
D outputs of a 7490 counter. 
If your particular counter 





Fig. 5. 7490 wiring. 


does not have a 7475 quad 
latch (memory), these are the 
points at which the 7441 
decoders would be attached 
for each digit of your 
counter. 

Fig. 6 illustrates the 
common SN7475 quad latch. 
If yours is of the more 
expensive type, the SN7475 
quad latches will be 
employed. The SN7475 
eliminates “flicker” or 
counting when the SN7490 
counts up to its next set of 
figures. The SN7490 drives 
pins 2, 3, 6 and 7 (A, B, C 
and D respectively) and the 
outputs of the SN7475 are 
pins 16,15, 10 and 9 (A, B, C 
and D respectively). 

Once you have attached 
the SN7441 decoder to your 
particular counter, operation 
of this device is quite simple. 
All that is necessary is to dial 
up the desired frequency on 
the thumbwheel switches. 
When the counter arrives at 
this "dialed up” frequency, 
all of the PNP transistors 
(Fig. 3) will conduct also, 
causing the gate of the 
2N5061 SCR to activate. The 
circuit from the anode to 
cathode of the SCR will also 


conduct, causing RT1 to close 
its contacts. Once an SCR 
"fires” it remains in this 
condition until the 
anode/cathode circuit is 
broken with direct current 
conditions. The normally 
closed push-button switch 
enables you to break the 
anode/cathode circuit of the 
SCR and “reset” the device. 

Should the “latching” 
effect of the SCR be 
undesirable, an ordinary 
medium power NPN 
transistor can take the place 
of the 2N5061 SCR. Attach 
the base of the NPN 
transistor to the gate, the 
emitter to the cathode and 
the collector to the anode 
connections of the SCR 
placement. With this 
arrangement, the relay would 
only close momentarily as the 
desired frequency was 
detected. There would be no 
"latching” effect 

You will find that this 
device can be used with just 
about any binary counting 
device you may have built. 
Some common applications 
would be: (1) An amateur 
band edge detector; (2) A 
temperature alarm (with a 
binary digital themometer); 
(3) A pre-settable frequency 
detector; (4) An alarm for 
digital clocks; (5) A 
frequency counter for the 
blind; and, (6) A frequency 
limit detector for FM 
repeater transmitters. No 
doubt you will come up with 
many more applications for 
this device as digital elec¬ 
tronics progress with amateur 
applications. ■ 


x 


Fig. 6. SN7475 wiring. Note: There are four bistable latches in 
the 7475 package. The BCD binary code may be applied to 
any of the four latches desired. The BCD data to the 7441 
decoders must correspond, however. In other words, there are 
no defined BCD inputs or outputs — they are up to you. 
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Programmable 
CW ID Unit 

- for RTTY, repeaters, 
mobile, etc. 


C- W. Andreasen WA6JMM 
PO Box 8306 
VanNuys CA 91406 


T here have been many 
articles published on the 
subject of automatic iden¬ 
tifiers. One might wonder 
what new could be said on 
the subject. Read on, and 
discover a circuit with the 
following features: 

1. Uses almost no 

2. May be used for 
both CW and RTTY. 

3. Can be repro¬ 
grammed in less then 
one minute. 

4. Self-contained. Only 
requires power and 
start signal. 

5. Uses only 4 standard 
D.I.L. ICs, and one 
optional 8 pin minidip. 


6. Runs on a single un¬ 
regulated voltage 
source. 

This whole unit is made 
possible by the CMOS logic 
family. This circuit is built 
around the Motorola 
MC14562CP, a 128 bit shift 
register. To make things 
simple, its operation can be 
described by saying, “what 
goes into the input will come 
out of the output 128 clock 
pulses later." What goes in is 
a “1" (high level) or a “0" 
(low level). When an output 
device such as an audio oscil¬ 
lator is connected, and a 
stored code (series of Is and 
Os) is recirculated by con¬ 
necting the shift register out¬ 


put back into the input, this 
will cause the oscillator to be 
keyed as the data are shifted 
by. This code may be a 
simple repeater ID, or maybe 
a teletype test pattern. The 
only difference is the type of 
code, and the speed at which 
is is stepped. 

Clocking 

The clock signal is gen¬ 
erated by one half of IC4. If 
the enabling control signals 
allow, the clock oscillator will 
free run at a rate determined 
by the values of R2 and Cl 
(refer to Fig. 1). I have found 
.47 uF to be a good value for 
the needed range, which is 
obtained by varying the value 
of R2. R2 may be a fixed 


resistor if a variable speed is 
not required. This clock 
signal passes through a gate 
which ORs with the manual 
step circuit. The manual step 
circuit is used to step through 
the program slowly, to 
examine, modify, or repro¬ 
gram the contents. The 
manual step circuit consists 
of one half of IC1 crosswired 
with IC4, as a switch 
debouncer. With this circuit, 
each time the step push¬ 
button is pushed the shift 
register will step only once. 

Control 

Since the shift register has 
no way to know a starting or 
stopping point, we must add 
this external control. This is 
done by adding IC3, a seven 
stage counter, and IC1, wired 
as a flip flop. Every time the 
flip flop is set by a positive 
pulse, or the start push¬ 
button, the flip flop has its 
output set high, enabling the 
clock oscillator to run. With 
the clock running, the shift 
register starts stepping and 
the counter (IC3) counts the 
steps. When the final stage of 
the counter toggles on the 
128th clock pulse, the transi¬ 
tion causes the control flip 
flop to toggle back to the 
waiting state, stopping the 
clock. Since the output side 
of the flip flop is high any 
time the unit is running, this 
term is brought out through 
Ql, and Q2, to provide an 
external key for a transmit 
relay (or other logic). If only 
logic or some other low cur¬ 
rent load is to be keyed, Q2 
may be omitted, and the 
emitter of Ql grounded. 

Audio Oscillator 

The audio oscillator is 
identical to the clock oscil¬ 
lator, except, of course, for 
the frequency of oscillation. 
When the input pin 1 of IC4 
is high, the oscillator will run, 
producing a tone. This tone 
from pin 4 of IC4 may be 
connected directly to a high 
impedance circuit, such as a 
microphone input, or a buffer 
amplifier consisting of ICS, a 
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Fig. 1. VDD to power, pin 14;ground pin 7, all ICs. Standby current = 0 mA. Running current 
** 1 mA (without buffer amp). 


741 op amp. If the op amp is 
used, a low impedance audio 
line may be driven, or even a 
small speaker, without 
affecting oscillator pitch, or 
loading. 

CW Output 

If the direct CW output is 
desired, as would be needed 
in RTTY, the audio oscillator 
and buffer amplifier may be 
omitted and the output taken 
from the collector of Q3. A 
high level on the input of Q3 
will turn it on, allowing the 
collector circuit to sink cur¬ 
rent. If the collector current 
to be keyed is to be more 
than a few milliamps, another 
transistor should be added in 
the same manner as was Q2. 


Battery 

It should be noted that a 
battery is connected to VDD 
through a 1N914 diode. The 
only purpose of this battery 
is to protect the contents of 
the shift register against loss 
of power. No power is 
drained from this battery 
since CMOS only draws 
power when it is running, and 
the circuit does not run with¬ 
out power. With power on 
and battery installed, the unit 
may be programmed and for¬ 
gotten. Power may be turned 
off, and the unit transported, 
stored, or anything else, with¬ 
out fear of losing the program 
— and the battery will last for 
its shelf life. The entire unit 
may be run from a single 9 


volt transistor radio battery, 
and, since only a few 
milliamps are required, the 
battery will last a very long 
time. 

Programming 

The best way to program 
the shift register is to "erase" 
memory by placing SI in the 
program position, selecting 
the “0" position, and 
depressing the start push¬ 
button. This will dump the 
contents of the shift register 
into the proverbial bit 
bucket, leaving only zeros. 
Utilizing the program switch, 
select the desired “1 ” or “0” 
to be entered and depress the 
step push-button once for 
each step. When the entire 


program code has been 
stepped in, place switch SI 
back into the recirculate posi¬ 
tion, and depress the start 
button, allowing the unit to 
cycle back to the start point. 
If an error has been made, it 
is not necessary to com¬ 
pletely reprogram. Manually 
advance until error is reached, 
put SI into the desired pro¬ 
gram position, step correction 
into the shift register, and 
return SI to normal. 

Many thanks to WA6CFA, 
who offered several construc¬ 
tive suggestions in the design 
of this circuit, and who is 
responsible for my switch to 
CMOS. ■ 

Pam List 

IC1 - CD4001a quad 2 input 
NOR gate 

IC2 - MC14562CP 128 bit shift 
register 

IC3 - CD4024A 7 stage binary 
counter 

IC4 - CD401 la quad 2 input 
NAND gate 

IC5 - 741 type op amp 

(optional) 

Q1. Q3 - 2N5088 NPN transistor 
Q2 - 2N3053 NPN transistor 
CR1.CR2- 1N914 diode 
R1. R3 - 10k 14 Watt resistor 
R2, R4 - 100k variable resistor 
R5, R6 - 47k % Watt resistor 
R7-R11 - 1 meg !4 Watt resistor 
R11 - Ik variable resistor 

(opt ional) 

Cl - .47 uF cap. 

C2 - .0047 uF cap. 

C3 — 1 uF cap. 

C4, C5 - .01 uF cap. 

SI — Single pole double throw, 

center OFF toggle 

PB2 - Single pole double throw, 

momentary contact push-button 

PB1 - Single pole, momentary 

contact push-button 

PCB - Printed circuit board, 

available from author ($3.50) 



-FOR SALE- 

18 "FACSIMILE BECBBBERS 

The leading manufacturer of 18" FACSIMILE WEATHER 
CHART RECORDERS is now updating an existing network to 
solid state equipment. This updating is making available a 
number of 18" weather map recorders ideally suited for anyone 
interested in experimenting with facsimile. 

These recorders, with suitable receiver and FSK converter, 
can be used to monitor radio weather chart broadcasts as wall as 
press wire photo transmissions. 

These recorders are priced from $50 to S200 and are 
available on a first come, first served basis. 

Call or write Mr. Armand D. Bouchard 

AllEI ElEETDMIE I IMPULSE IEGIIIING EHIPMERT CL IN. 
Washington Street, Westboro MA 01581 (617) 366-8851 
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SCEI (GROUND TO COUNT) 
CLOCK (INPUT) 

CLEAR (HIGH TO COUNT) 

RBI 

Bl 

RBO 

DECIMAL POINT INPUT 

DECIMAL POINT OUTPUT 

D OUTPUT 

F OUTPUT 

E OUTPUT 

GROUND 

G OUTPUT 

C OUTPUT 

A OUTPUT 

B OUTPUT 

Qa LATCH OUTPUT 

Ob LATCH OUTPUT 

Qc LATCH OUTPUT 

Od LATCH OUTPUT 

LATCH STROBE 

MAX COUNT OUTPUT 

PCEI (GROUND TO COUNT) 

VCC 



New ICs for the Counter Culture 

- - simpler counters with less used power 


T he continued evolution the rather high current 
of the integrated circuit requirements. The PC board 
industry has led to some layout is no big obstacle since 
developments which are of many have been published in 
interest to the average electronics magazines, but the 
electronics experimenter, high current requirement 
Over the past few years the remains. As an example, 
7490-7475*7447 suppose you want to build a 
counter-latch-decoder/driver frequency counter with a six 
combination has been the digit display and using the 
mainstay for the construction simplest possible circuitry, 
of readout modules using For purposes of illustration, 
either LEDs or filament type miniature seven segment 
seven segment readouts. incandescent readouts draw- 
Likewise, the ing8 mA per segment will be 
7490-7475-741 41 used. In the worst case 
combination has been the condition (all 8s on the 
basis for readout modules display), the readouts will 
using Nixie tube readouts, draw approximately 335 mA. 
The cost of these ICs has The counter-latch-decoder 
continually declined resulting combinations will draw 
in a relatively inexpensive approximately 750 mA. Total 
digital display. The major current requirements will 
drawbacks for building such a then be 335 +750 mA= 1.08 
module are the PC board Amps. This is a pretty 
layout for the three ICs and healthy load and would be 


operating a regulator such as output and look-ahead 
the LM309K beyond its counting connections are all 
maximum limits. Thus externally available. Other 
anything that can be done to desirable features are 
reduce this power relatively low current drain 
requirement would be (65 mA) and simplified PC 
advantageous. board layout The one 

Once again the 1C industry possible disadvantage is in the 
has come to our rescue. In counting speed (typically 18 
their TTL Data Book For MHz), which may be a factor 
Design Engineers, Texas if high speed operation is 
Instruments lists several ICs needed. The seven segment 
which are directly applicable outputs are “active low” and 
to a construction project such can handle 25 mA, thus 
as a frequency counter. The making the 74144 suitable 
first 1C to be discussed is the for driving incandescent 
74144. This device comes in a readouts such as Numitrons 
24 pin DIP package and (from RCA) and other 
combines the features of the filament type readouts in 
7490-7475-7447 into one 1C. addition to LEDs. Using six 
All internal connections 74144s in our counter would 
available from the three 1C reduce the 5 volt current 
module are available from the requirements from 1.08 
74144. For example, BCD Amps to 725 mA, which is 
outputs from the latch, RBO, well within the capability of 
RBI, latch strobe, carry the LM 309K regulator. A 
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SAVE $80,000.00 IN CRYSTALS 

LISTEN TO 16,000 DIFFERENT FREQUENCIES WITH NO CRYSTALS 
UP TO $60.00 OFF MANUFACTURER'S PRICE 


2 31.18-51.655 30 50 MHz 30-50 MHz 

151.18-171.655 146-174 150-170 or 140-160 

$296.95 451.18-471.655 440-512 450-470 

CE's Price - $399.95 CE's Price - $278.95 490-510 

CE's Price - $339.95 

We now carry a complete stock of CB equipment available at discount prices, 24 hour 
Mastercharge-BankAmericard order & information tine 313-994-4441. Certified check or 
charge card on mail orders for immediate shipment. Dealer inquiries invited. Michigan 
Residents add tax. Foreign orders invited. Write or call for free catalog & specifications. 

£ Communications Engineering 

P.O. Box 1002, Ann Arbor Ml 48106 

Cable Address: COM ENG Call 313 994-4- 


companion to the 74144 is counting frequency for the 

the 74143. This 1C has all the 74142 is typically 20 MHz. 

features of the 74144 plus This 1C is also particularly 

current limiting outputs attractive for frequency 

which are set at 15 mA. The scanner applications. 

74143 is specifically designed Another 1C which may be 
for driving LED type of interest to the 

displays. A base diagram for experimenter is the 74147. 

the 74144 and 74143 is This 10 line to 4 line encoder 

shown in Fig. 1. provides the capability of 

If your interest lies decimal to BCD decoding. In 

primarily with the use of the past, if you needed a BCD 

Nixie tubes rather than code for some decimal 

incandescentsor LEDs, Tl has number, either a diode matrix 

come to your rescue also. The or a BCD switch was 

74142 contains the counter, necessary. Both are relatively 

latch and decoder/driver for expensive and the diode 

cold cathode Nixie tubes and matrix consumed a large 

comes in a 16 pin DIP amount of PC board space, 

package. Only the necessary Now, by using an ordinary 

internal connections are single pole ten position 

brought out to pin switch and the 74147 1C, the 

connections, thus allowing BCD code can be derived 

use of the 16 rather than the directly from the equivalent 

24 pin package. The base decimal number. Fig. 3 

diagram is shown in Fig. 2. contains the base diagram. 

Again some savings in power Most of the ideas pre¬ 
consumption can be gained sented herein were gleaned 
typical current requirements from the TTL Data Book For 

for the 74142 are 68 mA Design Engineers (CC-411) by 

versus 77 mA for the three 1C Texas Instruments, and it is 

combination. Maximum well worth the price. ■ 
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Front view of "ERF" meters. Left: tuned input. Right: untuned input. 


Edwin Ham K8V1R 
PO Box 127 
Holly MI 48442 


JJow many limes during 

swcred CQ have you 

out: Sure, you can check 
modulation, transminer 
voltages and currents. And if 

ratio meter, you can also 
check antenna match “swr." 

But what about that rf 
field? After all, that's what 
counts! When you measure 
your rf field, you are in fact 
measuring total performance 
of your system. You may at 
first think such an instrument 
would be both expensive and 
complicated. It would be if 
you were interested in precise 
measurements. But we need 
only relative field 
measurements; therefore, 
adequate instrumentation can 
be both simple and 
inexpensive. 

The circuits discussed are 
of two basic types: an 
untuned input and a tuned 
input. The untuned input 
provided no selectivity while 
the tuned input will measure 
the field and approximate 
frequency. 


Is My Rig Working or Not? 


--build an effective radiated field meter 
and know! 


Construction 

The construction of the 
meters is very basic and quite 
flexible. As you design rf 
meters for higher frequencies 
such as the VHF bands, you 
should place components so 
that lead lengths in the rf 
circuitry are as short as 
possible. The enclosures I 
used were Universal Meter 
Cases but most any type 
chassis or small cabinet will 
be adequate. The enclosure 
ought to be metal as the 



ex/i. Ri 




circuitry should be shielded. 
To shield the Universal Meter 
Case, I used some roof valley 
aluminum to enclose the rear 
opening. It can be easily cut 
to size with hand scissors. 
You will find this available at 


instrument is determined by 
the full scale deflection of the 
meter chosen. The smaller the 
full scale deflection, the 
greater the sensitivity; for 
.'xample, a 0-50 uA meter 
will be more sensitive than a 
3-1 mA meter. I used a 0-1 
mA meter for the untuned 
meter and a 0-200 uA meter 
for the tuned meter. 


vity. Also, dc resistance of array, direction need r 


the rfc will affect sensitivity, recorded, but you must record and 

Choose an rfc with low dc input. Next, I proceed to you 

resistance for maximum sen- measure field strength with loss 

sitivity. the meter. I record in my log sho 

the relative reading for future ' 
Instrument Application reference, and if I suspect a “EF 

Once you have your field problem antenna or inst 

strength meter constructed otherwise, I immediately go por 

and operating, you can begin 
making some reference 
measurements for future use. 

What I do is install a small 
reference antenna outside the 
immediate area or the 
transmitter; it does not have 
to be a great distance from it. '■% 

The important item is not to 

change the location or length 

of the reference antenna once \ 

you start basic measurements. 

For measurements with a 
beam, I note and record on 
paper degrees of rotation 
“direction” and power input 

into antenna transmission Back shielding of meter. Construe 
line. With a dipole or fixed aluminum. 


be back to my original readings 
>rd and make a measurement. If 
to you have significant energy 


@aM ui • 

7(/e ate ready to oerve you- 

WIRE CONCEPTS INC. 

M 20?-227r?75? 

198 Passaic Ave., 

Fairfield, N.J. 07006 


FOR AMATEUR USE 

50 OHM JACKETED HARDLINE 

• very low loss per 100 ft. 

U • improved receiver sensitivity 
.45 DB to 50 MHZ 
C. -90 DB to 146 MHZ 

1 .90 DB to 450 MHZ 
5? 4.20 DB to 1296 MHZ 

• longer life 

SALE 49d per foot 


SPECIALISTS 

IN 

ELECTRONIC 

WLRE 
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CABLE... 






Quickie Collinears 
for 15 and 10 


- - satisfaction guaranteed 


John Skubick K8ANC 
1040 Meadowbrook 
Warren OH 44484 



Fig. I. 15m col I inear. 


I had just moved into 
another house. I 
needed two more continents 
for WAC, it was sleeting out¬ 
side, and no antennas! This 
could only happen to a ham. 
1 had to think of something! 

The idea was to pack as 
much gain as possible into a 
simple antenna that I could 
quickly build with available 
leftover materials. The ARRL 
Antenna Book provided the 
initial data. I chose 1S 
meters, because my rig has 
only 80 Watts output. There 
were too many high powered 
boys on 20, and 10 meters 
was too sporadic. See Fig. 1. 

Construction 

The two vertical sections 
and the eight radials were 
made from carefully 
measured, 18 gauge, insu¬ 
lated, solid hookup wire. The 
quarter wave stub was cut 


(using the 0.82 velocity 
factor) from a piece of TV 
twinlead. Some old ribbed 
ceramic insulators I had were 
used at the base, stub and 
top. 

The whole works was put 
together in my basement, in 
about one and a half hours. 
Then I coiled up everything, 
coax and all, and went out 
into the mid-November sleet. 

Installation 

One of my backyard 
maple trees was used as a 
"mast." I tied fishing line 
around the head of a small 
hammer, and proceeded to 
toss this up and over an 
estimated forty foot high 
branch. After about a 
hundred or so attempts, the 
line was over the branch and 
tied to the antenna’s top insu¬ 
lator. This was then hoisted 
up until the antenna’s bottom 
insulator (with coax and 
radials attached) was clear of 
the ground by about one 
foot. The bottom insulator 
was held in place with 
another piece of fishing line 
tied to a short stake pounded 
into the ground just below it. 
I then spread the insulated 
radials out along the ground, 
and placed rocks at their ends 
to keep them taut. 

The RG-58 feed line was 
also left on top of the 
ground. I brought it into the 
basement through a small 
hole drilled into the metal 
window frame. Then I 
soldered a coax connector to 
the end. 

Results 

I warmed up the rig, 
attached it (along with the 
coax) to my swr bridge, and 
then switched it to “tune.” 
Horrors — 4:1 swr! I looked 
outside. It was getting dark 
and still sleeting. I removed 
the swr bridge. 

For the next three hours, I 
was working VKs, ZLs and 
JAs — for the first time. Just 
what I needed for my last 
two WAC continents! I left 
the antenna “as is” all 
winter. 
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Twinlead Open wire 

6.7 ft 7.7 ft 

20 ft 23.2 ft 

33.4 ft 38,7 ft 

48.8 ft 54.2 ft 

60.2 ft 69.7 ft 

73.5 ft 85.2 ft 

86.9 ft 100.7 ft 

100.3 ft 116.2 ft 

Table 1. Odd multiple lengths 
of balanced transmission line, 
using velocity factors of 0.82 
for solid dielectric types, and 
0.95 for open wire types. AH 
lengths are subject to trim¬ 
ming for low swr. 


I wanted to get on ten 
meters as quickly and 
as cheaply as passible with a 
gain antenna, using available 
materials in my junk box. 
After looking through my 
references, I reasoned that a 
wire-type two element 
collinear might just do the 
job. I was looking for perfor¬ 
mance at the low radiation 
angles. Also, I did not want 
to pump any rf directly into 
the ground from the trans¬ 
mission line. In other words, I 
wanted no messy, lossy (for 
practical amateur installa¬ 
tions) radial system with this 
vertical. 

Fig. 2 shows what my junk 
box yielded, as well as the 
dimensions. I used 450 Ohm 
TV open wire for the ele¬ 
ments, to help broadband the 
system. I also decided to 
bring the balanced feeder all 
the way into the shack, 
because I was not about to do 
any outside tuning and 
pruning in the middle of 


winter. My twinlead feeder 
was the UHF oval-foam type. 
The important thing here is 
to use something with low 
loss. Open wire feed will have 
to be used for high power. 
You can use the TV or home 
brew variety of open wire 
lines. 

My balun is a 4:1 toroid 
type. Possibly a 1:1 balun can 
also be used, because the feed 
line has to be trimmed for 
minimum swr anyway. If you 
have a tuner, no balun is 
needed, of course. The 
balanced feeder may still 
require a little trimming, if 
you are experiencing difficult 
loading, for 1:1 swr. 

Construction and Installation 

The elements were laid out 
on the basement floor, 
measured, and cut. I attached 
three ceramic insulators (top, 
middle and bottom), along 
with the twinlead feed line. 
All of this was then coiled up 
and taken outside. I selected 
one of my backyard maple 
trees and sighted on an esti¬ 
mated 35 to 40 foot branch. 
After the usual countless 
attempts at tossing a 
weighted fishline, I finally got 
it over the branch. A heavier 
cord was tied to this and to 
the top of the collinear, and 
then hauled up until the 
antenna’s bottom insulator 
cleared the ground by about 
one foot. I tied the bottom 
insulator to a stake that was 
sledgehammered into the 
frozen ground directly below. 

A "strain guy” made of 
fishing line was tied around 


the center insulator. This was 
to counteract the opposite 
pull of the (sort of) horizon¬ 
tally supported feed line. 
Some branches from 
another tree supported the 
feed line (more fishing line). 
At the house, the feeder was 
attached to TV standoff insu¬ 
lators (about every six feet) 
down to the basement 
window. I drilled and filed 
out an oversized hole in the 
window’s metal frame, and 
inserted a large grommet. 
Purists take note. I then 
pushed the balanced twinlead 
feed line through this grom- 
meted metal-surrounded hole. 

(See Table I, and make 
sure you have several feet of 
extra twinlead for trimming 
purposes.) 

The Tuneup 

The rig was fired up into 
the swr bridge, with the balun 
and feed line attached. 
Reduced power was used at 


first, and a frequency sweep 
was made across the entire 
ten meter band. Well, how 
about that! The lowest swr 
(8:1 for my installation) 
occurred at 28.6 MHz! At 
that point of lowest swr, I 
then trimmed the twinlead 
for 1:1. Another frequency 
sweep was made. The swr was 
1.8:1 at 28.005 and 2:1 at 
29.65 MHz. The broadbanded 
construction paid off! 

Results 

The sporadic nature of ten 
meters made it difficult to 
evaluate. However, I was 
easily able to work the DX 
(when it was there) with my 
260 Watts PEP transceiver. 
Needless to say, I was satis¬ 
fied ! ■ 
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1. Antenna Roundup Vol. 2, 
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500 MHz Scaler 


--PC boards are available 


A lthough integrated 
circuits for a 500 MHz 
frequency scaler have been 
available for a number of 
years, their price of $50 and 
up has been a stumbling 
block to the average ham. 
Recently, however, Fairchild 
introduced their 11C90 UHF 
decade counter which, at 
only $16 in single quantities, 
represents a real 


breakthrough for those 
needing a way of counting 
frequencies to 450 MHz and 
above. Although operation of 
this 1C is only guaranteed to 
550 MHz, the typical 11C90 
will reach 650 MHz and 
beyond. 

This article presents a 
simple and low cost prescaler 
using this 1C which may be 
built for as low as $20. To 


ensure simplicity and low 
cost, an input amplifier is 
omitted and thus the scaler is 
a bit finicky as to the amount 
of rf it needs. In practice, it 
will accurately monitor the 
frequency of a 2 meter or 
450 MHz 1 Watt walkie-talkie 
from a distance of about 3 
feet away. Higher power 
transmitters can be located 
farther away. 

Since the 11C90 divides 
by ten, the output will be in 
the range of about 45 MHz 
with an input frequency of 
450 MHz. This is perfectly 
acceptable if you already 
have a counter or scaler 
which will cover that range. 
For example, the K20AW 
VHF Scaler (see 73 Magazine 
for June 1973) or the 
K20AW VHF counter (73 
Magazine, November 1974) 
make an ideal companion for 
this new scaler. But if your 
counter does not have a high 


enough frequency range, then 
this scaler design has room 
for an optional 74196 TTL 
decade counter which 
provides an additional 
division by ten. A 450 MHz 
input frequency will then be 
converted to 4.5 MHz. 

Fig. 1 shows the circuit of 
the scaler. An input to be 
scaled is coupled to the CP 
input of the 11C90 through a 
simple protective circuit 
consisting of diodes Dl and 
D2. Fast switching diodes 
such as 1N914 or 1N4148 
should be used. Actually, 
these two diodes don’t 
furnish much protection at 
UHF; to work at UHF, 
special high speed diodes 
would have to be used. Such 
diodes are not only hard to 
get, but are also very fragile. 
When driven from a short 
antenna with a source 
resistance of 50-70 Ohms, 
they would probably burn 
out even before the 11C90 
was in danger. Instead, we 
put in Dl and D2 mainly to 
guard against inadvertent low 
frequency overload, and rely 
on a little care on your part 
to avoid overload. The 
specified input sensitivity of 
the 11C90 is approximately 
200 mV rms, and the 
maximum signal should be 
less than 1 volt at frequencies 
below 450 MHz, decreasing 
to less than 500 mV at 600 
MHz. 

The 11C90 has a built-in 
level converter which 
provides a TTL-compatible 
output at pin 11. If your 
counter covers a high enough 
frequency, this output can be 
used as is. If needed, you may 
add the 74196 as a second 
decade counter as shown. 

A compact arrangement 
with short leads and a solid 
ground is needed. It is 
recommended that a printed 
circuit layout (such as Figs. 2 
and 3) is used. (Etched and 
drilled boards are available 
for $7 each from Star-Kits, 
G.P.O. Box 545 , Staten 
Island, N.Y. 10314.) 

The entire scaler requires 



Fig. /. 500 MHz scaler diagram. 
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Fig. 3. Component layout. 


less than 150 mA from a 5 
volt power supply. Though a 
simple supply could be built, 
in practice a battery supply is 
an easier and better choice. 
Four D cells or a lantern 
battery will provide 6 volts 
dc, which will drop to about 
5.25 volts after the 1N4001 
diode. If you use four nicads, 
the diode is not needed as the 
nicads will supply 5 volts 
directly. But a good stiff 
supply is needed - penlight 
cells won’t do. 

Both ICs are very sensitive 
to extraneous signals on the 
power and ground lines. If 
you look at the diagram and 
at the circuit board layout, 
you will see four 0.01 uF 
capacitors bypassing the 5 
volt line to ground. (One of 
these capacitors is not shown 
on the circuit board layout as 
it is soldered directly from 
pin 4 to pin 1 3 on the copper 
side of the board, under the 
11C90.) Disc ceramics with 
very short leads should be 
used. 



Fig. 2. PC board y foil side 
(full size). 

The entire scaler should be 
enclosed in a metal cabinet 
with coax cable used for 
coupling to the counter. 
Batteries or power supply 
should also be in the cabinet 
to avoid stray rf on the power 
leads. If desired, the scaler 
can be mounted inside the 
counter cabinet. 

Except for these simple 


precautions, this scaler is easy 
to build. My thanks go to 
Fairchild for the excellent 


and cheap - scaler 1C. At $20 
for all the parts, this scaler 
circuit is an excellent value. ■ 
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Terry Shankfand WA 7VVC 
1909 E. E fiirque Dr. 

Tempe AZ 85282 

W ith the proliferation 
of subbands and 
interference-obscured net fre¬ 
quencies, the use of an 
accurate secondary frequency 
standard is both good oper¬ 
ating procedure and also 
helps fill our legal require¬ 
ments for frequency measure¬ 
ment capability under FCC 
regulations. In addition, such 
a standard can be used as a 
timcbase or signal injector to 
test digital logic circuits. 

The WA7VVC frequency 
standard was designed to be a 
low cost answer to the need 
for a good secondary fre¬ 
quency standard. It generates 
marker signals of 1000, 500, 
100, 50, 25, 10, 5, and 1 
kHz, and 100, 10, and 1 Hz. 
With harmonics usable well 
beyond 30 MHz, markers are 
available to denote subband 
edges, align receiver dials, 
find net frequencies, and 
measure the frequency of un¬ 
known signals. Should your 
latest logic circuit not perk 
properly, two TTL level out¬ 
puts are available as sub- 



Build a Super Standard 

- - goes right down to I Hz 







capacitors are not superfluous 
— use one at each 1C. 

The various frequency out¬ 
puts are selected by a rotary 
switch and fed to A8c, one 
section of a 7400 quad gate. 
The selected frequency can 
either be passed without 
change or gated with the 10 
Hz output of A7, an NE555 
astable oscillator, producing 
an easily identified frequency 
burst at the output terminals. 

Should you not have a 
switch with enough positions 
to suit your needs or just 
wish something different in 
the way of frequency selec¬ 
tion, try the electronic switch 
of Fig. 2. 

The NE555 timer A14 is 
used as an astable oscillator 


ately identified. Only one 
trimmer need be adjusted to 
align the standard. 

With the standard still 
attached to the receiver and 
providing an audible measure 
of its accuracy, a counter or 
other TTL-compatible device 
may be attached to either 
TTL output and that device’s 
accuracy checked. 

A frequency burst mode is 
provided to allow identifica¬ 
tion of the standard’s markers 
in a crowded receiver pass- 
band. Enabling the burst 
turns the output on and off 
ten times per second, result¬ 
ing in an easily recognized 
"beep-beep-beep.” This burst 
is also available on one TTL 
output. 

An external dc input 
makes operation in the field 
possible. 9-15 volts at 250 
milliamps is all that you will 
need to have an accurate 
standard available for Field 
Day. This is cheap insurance 
against FCC out-of-band cita- 

Circuit Description 

The active devices in the 
frequency generation chain 
are 7400 series TTL. They are 
readily available, easy to use, 
inexpensive, and capable of 
the fast rise times necessary 
for high level high frequency 
harmonics. 

The oscillator shown in 


the schematic of Fig. 1 uses a A10, and 7490 decade whose output is a train of 24 

7404 hex inverter, A1, with a counters A3-A6, All, and millisecond low-going pulses 

200 kHz crystal as the feed- A12 wired for division by with a period of .81 seconds, 

back element for frequency ten. The 7474s are used as A15a inverts this to a train of 

stability. This circuit pro- toggle flip flops by con- positive-going pulses. A15b 

vided the cleanest output of necting Q to the data input, and A16a gate the pulse train 

those I tried. I happened to Preset and clear are not used under control of the STEP 

have a 2000 kHz crystal on and are tied high through push-button switch, 

hand but the circuit will work 1,8k resistors. The 7490s are On each low-going pulse 
with a surplus 1000 kHz ripple counters and are prone edge at pin 14, the 7493 

crystal. In fact, you can elim- to spikes and level changes in binary counter A17 incre- 

inate one 7474 package by their output. Proper by- ments by one. A16b forces a 

using a 1000 kHz oscillator, passing of all ICs is necessary reset on a counter output of 

Frequency division is to prevent these devices from 1011, permitting outputs 

accomplished by 7474 dual putting spikes on the power from 0000 through 1010 to 

type D flip flops A2, A9, and buses. The .1 uF bypass select the eleven frequencies 



Fig. 2. 
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of the standard. 

The binary output of A17 
causes the 74150 multiplexer 
A19 to select a signal from its 
inputs to be fed to the 
standard’s output buffers. 
A18, a 74154 binary to one 
of sixteen decoder, enables 
the corresponding LED. 

To change frequencies on 
the standard, depress the 
STEP push-button. The 
standard will step through its 
eleven outputs, one every .8 
seconds, until the button is 
released. When the desired 
frequency is reached, as indi¬ 
cated by its LED, you have 
three-quarters of a second in 
which to release the button 
before the standard steps 
again. 

Because of the additional 
current required by the elec¬ 
tronic switch, the 2200 uF 
filter capacitor should be 
changed to 4700 uF if this 
circuit is added. 

The remaining gates of the 
7400 are used as output 
buffers. The two used for 
TTL outputs will drive ten 
TTL loads apiece. One of 

T 


these gates buffers the 1000 
kHz output of A2a and 
makes it available at a BNC 
jack on the rear panel. The 
other takes the output of 
A8c, which is controlled by 
the frequency selector and 
the BURST switch, and 
makes it available at a BNC 
jack. 

The output to a receiver is 
from A8b through a 100 pF 
capacitor and a 500 Ohm pot 
used as a signal level atten¬ 
uator. Connection of the pot 
as shown on the schematic 
prevents the receiver sen¬ 
sitivity from being affected 
by the attenuator setting. 

The power supply uses the 
ubiquitous LM309K +5 volt 
regulator. Since the circuit 
draws only 250 milliamperes, 
the project case can be used 
as the heat sink. Dissipation 
of the 309 is only 0.7 Watts. 

Substitution for the sur¬ 
plus 7 volt power transformer 
I used is easy. Use a 12.6 volt 
center-tapped filament trans¬ 
former in the configuration 
of Fig. 3. 

In order to use the unit in 


the field, provision is made 
for an external dc input. The 
.01 uF capacitor removes 
stray rf from the power lines 
and the series diodes prevent 
damage from polarity 
reversal. Two diodes were 
used because I feel that the 
14.5 volts of a car battery 
under charge come perilously 
close to the filter capacitor’s 
16 volt rating. With the two 
diodes shown, applicable dc 
input voltage is 9-15 volts. 
With the appropriate filter 
capacitor voltage rating and a 
single diode, voltages in the 
range of 8 to 25 can be used. 

Do not leave out the .22 
uF bypass capacitor on the 
309 input. It prevents oscilla¬ 
tion of the device should a 
remote battery be used as a 
power source. 

Construction 

Because of the high speed 
switching characteristics of 
TTL and the high frequency 
harmonic content of the 
output waveforms, each 1C is 
a transmitter and each inter¬ 
connecting wire is an 
antenna. A thoughtful layout 
and careful construction are 
important to minimize un¬ 
wanted radiation. 

Switching transients 
appearing on the Vcc and 
ground lines can add un¬ 
wanted noise to the output. I 
used a prototyping board 
with Vcc and ground planes 
to minimize glitches. A 
printed circuit board would 


be even better. If you wish to 
build the circuit with wire 
wrap sockets on vectorboard, 
use bus wire for the power 
leads to the sockets. An effec¬ 
tive technique is to interleave 
Vcc and ground bus wires for 
each row of 1C sockets, with 
a row not containing more 
than a half-dozen ICs. 

Bus wire should also be 
used to connect the board 
directly to the 309. Do not 
invite problems by grounding 
the board to the chassis. Con¬ 
nect the chassis to the 309 
case, the board to the 309 
case, and the rectifier ground 
to the 309 case. This prevents 
the board ground from rising 
above the power ground and 
developing noise problems. 

Asynchronous TTL 
devices such as the 7490 gen¬ 
erate plenty of switching 
transients. Put a .1 uF bypass 
capacitor between Vcc and 
ground at each device socket 
and another at the power 
input to the board. Bypass 
the 309 input and output as 
shown in the schematic to 
prevent spikes and oscillation. 

The leads connecting the 
frequency divider ICs and the 
selector switch make excel¬ 
lent antennas, so shield the 
output from the board to the 
attenuator pot and from the 
pot to the output terminals 
with RG-174 coax to reduce 
unwanted pickup. Long un¬ 
shielded leads will reduce the 
effective control range of the 







Mechanical stability will 
be reflected in electrical 
stability. Rigidly mount the 
crystal and trimmer capacitor 
close to the 7404 oscillator. 

Changes 

For those who would like 
accurate channel markers for 
2 meter FM, try a 3000 kHz 
crystal in the oscillator. This 
frequency can be divided by 
two 7490s to 30 kHz for 
standard channels and then 
by half of a 7474 to cover 
splinter channels. The divide 
by three circuit of Fig. 4 
replaces A2a to retain the 
outputs of the present 
standard. 1 


With CMOS prices falling 
and use of these devices in* 
creasing, you may wish to 
provide an output compatible 
with CMOS logic circuits. A 
7406 open collector hex 
inverter package with a 2k 
pullup resistor could be 
added to interface with 
CMOS logic levels. Such an 
arrangement will have a 
deleterious effect on high fre¬ 
quency harmonic content, 
but will be fine for signal 
injection to a CMOS circuit. ■ 

Reference 

1 Ed Noll, "Circuits and Tech¬ 
niques: Digital 1C Oscillators and 
Dividers." Ham Radio, August. 
1972, p. 66 
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• Quality tor an Economy Price 

• Solid State Construction 

• Linear Switch (FM/SSB) 

• Broad Band 




Model Input Output Typical Frequency Price 
702 10W-20W S0W-90W 10Win/70Wout 143-149MHZ $139.00 
702B 1W- 5W 60W-80W 1Win/70Wout 143-149MHI $169.00 


Now get TPL COMMUNICATIONS quality and 
reliability at an economy price, The solid slate construc¬ 
tion, featuring magnetically coupled transistors and a 
floating ground, gives you an electronically protected 
amplifier that should last and last. 

The Linear Bias Switch allows you to operate on either 
FM or SSB. The 702 and 702B are exceptionally well 
suited for 2-meter SSB. Typical power output levels as 
high as 100W PEP can be achieved with the proper drive. 





' 73 


YOUR HAM TUBE 
HEADQUARTERS! 

TUBES BOUGHT. SOLO AND TRADED 

SA IT. S$$ HIGH SSS FOR YOI'R TUBES 

MONTHLY SPECIALS 

3CX1000A7/8283 $225.00 811A S 8.50 
3CX1500A 7/8877 205.00 813 18.00 

3 5002 48.00 6146B 4.60 

3-1000Z 120.00 6360 3.75 

4 125A 42.00 68838 4.95 

4 400A 45.00 8122 33.00 

4 1000A 165.00 8236 22.00 

4CX250B 27.50 8908 5.25 

572B 22.00 8950 4.75 

Eimac Tubes & Accessories In Stock 

BRAND NEW****FACTORY GUARA NTEED 
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FREE LIST Available * Includes full line of RF 
Power Transistors. Minimum Order S25. 
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The Incredible 

Lambda Diode 

-- you can even make it yourself! 


D o you remember the 
Tunnel Diode of days 
gone by? You may have seen 
it used in various oscillator 
and converter circuits and in 
other types of high frequency 
applications. The main 
reasons for using these 
devices were low power con¬ 
sumption, good frequency 
stability, and extremely 
simple circuitry. In addition 
to these features, it is also 
possible to use the Tunnel 

I CURRENT 


Diode as a voltage controlled 
oscillator well up into the 
VHF range. With all of these 
features and the availability 
of low cost devices, it would 
seem that Tunnel Diodes 
would find their way into a 
lot of circuits, right? Wrong. 
For one reason or another, 
the Tunnel Diode has not 
been used to a great extent in 
everyday electronic circuits. 
Perhaps they were not sophis¬ 
ticated enough for some 


designers or maybe the device 
was not suited for the appli¬ 
cation at hand. But for what¬ 
ever the reasons may have 
been, we have turned to other 
devices, such as the FET, for 
oscillator circuits and other 
high frequency applications. 

Just recently, a new circuit 
device has been developed 
that behaves like a Tunnel 
Diode, but has all of the 
advantages of field-effect 
transistors. The new device is 
called a Lambda Diode, for 
reasons which will become 
apparent later, and is the 
subject of this article. 

Background 

Before leaving the Tunnel 
Diode completely, perhaps a 
review of its characteristics 
will help in understanding 
how the Lambda Diode 
works and how to apply it 
properly. 

The Tunnel Diode is a 
basic two terminal device that 
exhibits a negative resistance 
at certain voltages. What this 
means is that as the voltage 
across the device is increased, 
the current will also increase 
up to a point. When the 


voltage reaches this particular 
value, the current through the 
device will level off. Then any 
further increase in voltage 
will result in a proportional 
decrease in current through 
the device. This characteristic 
is illustrated in Fig. 1. 

The negative resistance is 
the result of the diode having 
a small p-n junction with a 
high concentration of impur¬ 
ities in the p-type and n-type 
semiconductor materials. 
Having a high impurity 
density makes the junction 
depletion region narrow so 
that the electrical charges can 
transfer across the region at 
almost the speed of light. 
This effect is called "tunnel¬ 
ing” and was first discovered 
in 1957 by Dr. Leo Esaki 
when he announced the 
results of his experiments 
dealing with highly doped p-n 
junctions. This was the first 
time a negative resistance 
device was produced, 
although the tunneling effect 
was predicted mathematically 
as early as 1929 by three 
physicists. 

It is this tunneling effect 
in the negative resistance 



Fig. I. Typical characteristics of a Tunnel Diode, showing the 
negative resistance region of the voltage is. current curve. 
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Fig. 3. This is a top view showing how two complementary 
transistors are connected to form a Lambda Diode. JFETs 
from Radio Shack (276-112) were used in this instance, 
although a 2N4360 or similar could be used for the p<hannel 
and a 2N3819 or similar could be used for the n-channel. 


region on the characteristic 
curve of the device that 
makes it possible to achieve 
amplication, pulse generation, 
and rf energy generation. 

While the Tunnel Diode 
held great promise when it 
was first introduced, it seems 
to have been sidestepped in 
our race for better and more 
efficient devices. Perhaps it 
deserves a closer look by 
many of us who have for¬ 
gotten how easy it is to use in 
designing electronic circuits. 
Coming to our aid in this 
regard is a new device that 
brings the negative resistance 
circuit element into a new 
realm of activity. The new 
device is called the Lambda 
Diode and it appears to have 
a very exciting future. 

The Lambda Diode 

Like its tunnel diode 
counterpart, the Lambda 
Diode is also a two terminal 
device, but it is constructed 
with a pair of complementary 
depletion-mode junction- 
field-effect transistors con¬ 
nected as shown in Fig. 2. 
According to manufacturers 
of the device, it is easier to 
fabricate than conventional 
devices and it can be pro¬ 
duced on one chip along with 
other devices. However, 
unlike Tunnel Diodes, 
Lambda Diodes are not 


limited to a narrow resistance 
region and consequently can 
be produced with a wide 
range of characteristics. 

Although these devices are 
too new to be available on 
the surplus market, it is 
possible to build your own 
Lambda Diode from a com¬ 
plementary pair of JFET 
transistors. Fig. 3 shows the 
general layout for the 
Lambda Diode constructed 
from an n-channel and a 
p-channel JFET available 
from Radio Shack and other 
suppliers. 

The name for the device is 
derived from the shape of its 
voltage-current characteristic 
curve, as shown in Fig. 4. 
Like the Tunnel Diode, when 
a positive voltage is applied to 
the anode of the Lambda 
Diode, the current through 
the device increases until the 
applied voltage reaches the 
pinch-off voltage of one of 
the devices. At this point on 
the curve, the voltage is called 
the peak voltage, Vp, and the 
peak current is Ip. Increasing 
the voltage further will cause 
the current to decrease until 
the applied voltage is equal to 
the sum of the pinch-off 
voltages of both JFETs. At 
this point, the voltage is 
referred to as the valley 
voltage, Vv, and both of the 
JFETs are cut off. Current 
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draw in this state is low (in 
the order of a few nanoamps) 
and this feature makes the 
device a good choice for low 
power consumption applica¬ 
tions. This minimal current 
will be limited for further 
increases in voltage until 
breakdown of one of the 
gates occurs. 

The basic characteristics of 
this diode make it useful for 
many applications including 
oscillators, transistor protec¬ 
tive circuits, battery monitors 
and many other circuits 
requiring low "off” states at 
high voltages. 

Lambda Diode Applications 

One useful application for 
the Lambda Diode is an elec¬ 
tronic fuse that is non¬ 
destructive, fast acting and 
provides low current protec¬ 
tion. Three such protective 
circuits are shown in Fig. 5. 
When an abnormally high 
voltage is applied to the 
power transistor, the diode 
will move into its negative 
resistance region, effectively 
cutting off bias to the tran¬ 
sistor and allowing it to turn 
off and protect itself. For 
higher current applications, 
the diode can be connected in 
Darlington fashion as shown 
in Fig. 5(b). Similarly, for 
higher voltages, it can be con¬ 
nected as a sensing element to 


control a particular transistor 
as shown in Fig. 5(c). 

Battery Voltage Monitor 

Since the diode displays a 
bistable switching charac¬ 
teristic with almost zero 
standby current draw, it also 
makes a good battery voltage 
monitor. Simply connect the 
Lambda Diode as shown in 
Fig. 6, using a 2N2222 tran¬ 
sistor and any LED as a low 
voltage indicator. Voltage 
measurements on the two 
JFETs I used resulted in the 
LED being switched on at 8.7 
volts. This “switch on" 
voltage was found to be ideal 
for devices powered by a 9 
volt transistor battery. How¬ 
ever, you can change this 
transfer point by selecting 
JFETs with higher or lower 
pinch-off voltages than the 
ones I used. 

In this particular circuit, as 
long as the battery stays in its 
normal operating range, the 
device will not draw any 
current due to its excellent 
"off” state characteristics. 
For this reason, the Lambda 
Diode makes an ideal battery 
voltage monitor. 

Power Failure Monitor 

Another application for 
the Lambda Diode is a power 
failure monitor as shown in 
Fig. 7. This particular circuit 
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Fig. 2. The Lambda Diode is a two terminal device consisting 
of a pair of complementary depletion-mode junction-field- 

effect transistors connected as shown. 
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Fig. 4. Like the Tunnel 
Diode, the Lambda Diode 
displays a negative resistance 
characteristic when its bias 
voltage is increased past the 
peak shown on the graph. 

Fig. 5. The Lambda Diode 
makes an excellent electronic 
fuse when it is used to supply 
bias to the transistor it is 
protecting. An increase in 
current will cause the voltage 
drop across the collector 
resistor to increase, turning 
the Lambda Diode off. This 
will in turn cause the tran¬ 
sistor to stop conducting. For 
higher current capabilities, it 
can be connected in Darling¬ 
ton fashion, and for higher 
voltages it can be connected 
as shown in (c). 
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Fig. 6. Battery mitage monitor. With the Lambda Diode / was 
using, the LED would turn on at 8.7 volts, which makes it 
ideal for a 9 volt transistor battery. However, by using other 
jFETs with different pinch-off voltages, it may be possible to 
raise this transition voltage to monitor other power supplies. 


will find application in 
products such as digital 
clocks, security systems, and 
computer operations. 
Basically, two transistor 
drivers are connected to LED 
indicators, with one transistor 
biased by the Lambda Diode. 
Under normal operating con¬ 
ditions, the diode is off, keep¬ 
ing transistor #1 turned off. 
Under these conditions, only 
transistor #2 is on, with the 
green LED indicating a 
“power on” condition. When 
a power failure occurs, of 
course, both LEDs will be off 
for the duration of the power 
failure. Then when power is 
restored, the Lambda Diode 
will be “on" causing the red 
LED to come on, indicating a 


shown in Fig. 8. Since the 
diode is so efficient, it draws 
very little current and conse¬ 
quently there is very little 
internal heating of the device. 
This results in excellent tem¬ 
perature stability, and it’s a 
natural as the basic active 
element in a vfo or local 
oscillator. 

Building a basic oscillator 
circuit is simple - all you 
have to do is add an LC tank 
circuit and a 6 to 12 volt 
power supply. The actual 
value of the supply voltage 
will depend on the particular 
|FETs you use to make up 
the Lambda Diode. However, 
the actual voltage is not 
critical as long as you bias the 
device in the negative resis¬ 
tance region of its charac¬ 
teristic curve. 




Tig. 7. Power failure monitor. 
This circuit will indicate a 
power failure on a bus 
between 8 to 20 i-olts. 4s 
long as this voltage is main¬ 
tained, only the green LED 
will Ire on. If the power fails 
and is later restored, the 
green LED will turn off and 
the red LED will remain on 
until the reset button is 
pressed. 

There are many applica¬ 
tions for a simple oscillator of 
this type, from QRP trans¬ 
ceivers to dip oscillators, 
signal generators, antenna 
testing devices, radio control 
applications and whatever 
you want to dream up. It’s 
also possible to amplitude 
modulate the device, with a 
tone or voice, with excellent 
results. Although I have not 
tried SSB or FM with the 
device at this time, I feel 
reasonably sure that the 
oscillator will work here, too. 

Since the Lambda Diode 
maintains an almost infinite 
impedance in its valley 
region, very little energy will 
be absorbed from the tank 
circuits. This is the basic 
reason why the Lambda 
Diode is so efficient as an 
oscillator and can produce an 
output amplitude voltage of 
twice the supply voltage. 
Also, because of its effi¬ 
ciency, the output amplitude 
will remain constant over its 
operating frequency range, 
even when the capacitance in 
the tank circuit is varied to 
change the frequency. This 
feature alone would make the 



device an excellent choice for 
a dip oscillator circuit. 

Future Possibilities 

Being a relatively new 
device, the potential applica¬ 
tions are just beginning to 
emerge. Experimentation is 
presently being conducted on 
combining the Lambda Diode 
with other devices, as well as 
connecting two devices in 
series with similar polarity 
orientation (and also with 
opposing polarity orienta¬ 
tion). The characteristics 
produced by such circuits are 
proving to be very interesting. 

There is also the possi¬ 
bility of using the diode as 
the basis of a new memory 
cell which is only two-thirds 
the size of conventional 
CMOS memory cells. Since 
the Lambda Diode operates 
as a flip flop, only one bit 
line is required to activate the 
cell. By incorporating two 
additional MOSFETs. a new 


CMOS memory cell can be 
made using a total of four 
transistors as opposed to the 
six now required for conven¬ 
tional memories. 

Regardless of how the 
Lambda Diode is used, it is 
evident that this versatile 
device is capable of perform- 
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ing many useful tasks. How 
well we use it will depend on 
our own ingenuity. ■ 

Reference 

Kano. Iwasa, Takagi, Teramoto, 
"The Lambda Diode: A Versatile 
Negative Resistance Device," 
Electronics, June 26, 1975, page 
105. 
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Fig. 8. Basic oscillator. To construct a small, low-powered 
signal source, all that is required is the Lambda Diode, an LC 
circuit tuned to the proper frequency, and a power supply. 
The oscillator may also be tone-modulated with excellent 
results. 
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DIPOLE AND WIRE ANTENNA KITS, complete with Hl-Q BALUN, 100' rope, 

80/40/15 parallel dipole. *36.95 160 short, 130'length. S36.95 

40/20/15 parallel dipole. *30.95 SOshort, 63'length. S31.95 

80/40 trap dipole . *41.95 40short, 33'length. *28.95 

40/20 trap dipole. *36.95 Single band models trom _*24.95 


VERTICALS — complete with Universal Mounting Base, F 
to 5' for Easy Transport. Hvy, Duty Aluminum Tubing. 

20/15 trap, 13' hgt.*29.95 160 compact 23' hgt. ... U 

40/20/15 trap 22'hgt. 44.95 80 compact 20' hgt, . 3 

80/40/20 trap 30'hgt. . .. 69.95 40 compact 15'hgt 34 95 I 

80/40/15 trap 20' hgt. ... 59.95 20/15/10 lull sire vertical 29.95 I 

10 mete, cov tor above add 9 95 _ 


80 40 20 IS 10 *49.95 
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Mechanical RTTY Buffer 

— using a tape punch and a clock 


I f you are active at all on 
amateur radio teletype, it 
is almost certain you have 
seen someone sending with 
that nice, even tempo which 
usually means he is using a 
buffer of some sort between 
his keyboard and transmitter. 
Recently there has been a 
fine solid state device for this 
purpose described in the 
RTTY Journal. 1 However, if 
you are interested in a cheap 
and dirty way to get the same 
type of transmissions, this 
article is for you. 

Referring to Fig. 1, you 
can see it is really a simple 
device. It uses one of the 
NE-555 solid state timer 
chips, and very little else. 
What we have is actually a 
free running multivibrator, 
the speed of which can be 
varied. The one I built will go 
down to about one character 
every fifteen or twenty 



Fig. 1. 


seconds, all the way up to full 
machine speed. There are pro¬ 
visions made for bypassing 
the buffer entirely, also. 

R1 is the speed control, 
R2 is necessary to prevent 
exceeding the voltage rating 
of pins 6 and 7, and R3 
determines how long the 
relay will hold in. This can be 
varied to suit your own 
needs; the higher the resis¬ 
tance of R3, the longer the 
relay will hold during each 
pulse. This time period must 
not exceed 163 milliseconds, 
if using 60 words per minute 
(45.45 baud). If this period is 
exceeded, more than one 
character will be tripped off 
at a time. 

RY-1 is any relay which 
will operate on the voltage 
you are putting on the 
NE-555. In my case, it is a six 
volt dc, single pole, single 
throw relay — a cheap one I 
had in the junk box. The 
filter across the contacts of 
the relay is used to cut down 
on the arcing while the buffer 
is in use. Since you are 
switching 115 V ac, there is 
quite a bit of arcing if this is 
not used, and the contacts 
will not last as well. 

The output of the buffer is 
connected in series with the 
tight tape contacts in your 
transmitter-distributor (T.D.). 
This allows these to remain in 
the circuit just in case you set 
the speed of the buffer too 
high and the T.D. catches up 


with the tape you are send¬ 
ing. 

Construction is by no 
means critical. I built mine on 
perfboard, but a small printed 
circuit could easily be fabri¬ 
cated. Mine is bolted to the 
inside of the model 19 table, 
using standoffs, with the con¬ 
trol switch and speed control 
pot through the side of the 
table where they are easily 
accessible. 

This unit can be used with 
any automatic send-receiver 
(ASR) machine. Set the key¬ 
board for “tape only,” and 
get enough slack in your tape 
to feed the end into the T.D., 
under the tight tape control 
rod. Turn on the switch 
which activates the pulser and 
set the speed control to a 
point where you can at least 
keep up with the sending 
rate. If you are far enough 
ahead, you can backspace and 
correct errors before they are 
sent. Your machine will now 
transmit smoothly and 
steadily, and your printer will 
show what is sent, and when. 
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By using this method you 
have one advantage over the 
solid state unit. That is, you 
have a tape of what you have 
sent in case QRM takes out a 
lot of it, and it can be sent 
again, either slowly or at full 
machine speed. The 
mechanical buffer is a bit 
noisy, but it does the job. 
Mine has been in operation 
for several months without 
any problems. 

Fig. 2 is the simple power 
supply I am using. The 
NE-555 only requires about 3 
milliamps, so the rating of the 
transformer is almost entirely 
dependent upon the current 
requirements of the relay you 
use. 

My thanks to Bob 
Crumley K4DXR, who gave 
me the original idea for this 
unit, and for his encourage¬ 
ment to build it." 


Reference 

1 "UART," Hoff and Nurse, April 
1974, RTTY Journal, and "Using 
the UART," Hoff and Nurse, May 
1974, RTTY Journal. 
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Fig. 2. Note: S-1 is a double pole, double throw switch wired 
so when the ac is off the other set of contacts short out the 
contacts on RY-1. 
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I t’s easy to switch dc off 
and on with a transistor, 
but what do you use to 
switch ac? A relay would 
work, but this is bulky, and 
consumes power to perform 
its work. An SCR would 
work, except that it can only 
conduct for about half the 
applied sine wave, resulting in 
half voltage being applied to 
the load. Or you could use 
two SCRs, connected back to 
back. However, this configur¬ 
ation is already available in 
one package known as a triac. 

A triac is much like an 
SCR, except that it will 
conduct for very near 360 
degrees. Triacs have three 
terminals, normally called 
Main Terminal One, Main 
Terminal Two, and Gate. 
MT1 and MT2 can be 
considered the normally open 
contacts of a relay, and the 
gate the coil of that relay. 
(Figs. 1 and 2.) 

To activate the triac, 
trigger current is applied to 
the gate. This current can be 
either polarity dc or ac. Once 
the triac has turned on, 
current on the gate can be 
reduced to a much smaller 
value, called holding current 
MT1 and MT2 will remain 
“closed" as long as gate 
current is at least this value. 
If gate current is removed, 
MT1 and MT2 are again 
isolated. 

To operate a triac as a 
switch, we want it to be on 
for 360 degrees of the applied 
sine wave ac. For this 
condition, gate current must 
be at least the value required 
to operate in mode III 
positive. For instance, the 
RCA type 40668 is rated at 8 
Amps, 200 volts rms, and 
requires 80 mA gate current 
for this mode. 

Let’s suppose we have 
built a high power linear 
amplifier, complete with 
safety interlock switches. 
These could be small 
microswitch types, wired as 
in Fig. 3. Resistor R is found 
by dividing gate current into 
gate voltage. Before the 
switch is closed, gate voltage 
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Have You Used 
a Triac Yet? 

- - nifty solid state 
ac relay gadget 


will be 120 volts. Using 80 
mA for gate current, we get a 
value of 1500 Ohms for R. 
To be on the safe side, use 
five to ten times the required 
gate current, or one fifth to 
one tenth the value of R. In 
actual use, any value from 
100 to 500 Ohms will work 
well. 

If R is replaced with a 
photocell, the triac can be 
turned on with a beam of 
light When the cell is dark, 
its resistance is high, typically 
1-3 megohms. When in bright 
light, the cell resistance drops 
to somewhere around 150 
Ohms. A small lamp, taped 
tightly to the cell, will allow 
full isolation of the signal 
voltage from the triac and ac 
being switched. Any CdS cell 


will do, and suitable small 
lamps, called grain-of-wheat 
lamps, can be found at most 
hobby shops. See Fig. 4. 

The lamp could be driven 
by a small signal transistor in 
your terminal unit, and the 
triac could directly switch ac 
to the TTY motor, for 
auto-start. A switch could 
parallel the photocell to allow 
running the motor as in a 
local loop. 

Fig. I. Triac symbol. 



It is generally a good idea 
to put a resistor and capacitor 
in series across the main 
terminals of a triac to 
suppress any transients 
caused when the triac fires. 
Those transients could cause 
the triac to switch on or off 
randomly, or give sporadic 
operation. Ten Ohms and a 
.01 cap will do quite well, 
although these values aren't 
critical. These are only a 



Fig. 2. Electro-mechanical 
equivalent. 



couple applications for triacs. 
They can be used anywhere a 
relay could be used, and are 
priced low enough to be 
competitive with a relay 
capable of handling an 
equivalent current. Of course, 
they have no moving parts, 
are small and light, and are 
well suited for printed circuit 
board applications. 

For much more detailed 
information on theory of 
operation, and ideas for zero 
voltage switching and light 
dimmer circuits, consult the 
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Fig, 3. Door interlock using triac. 
RCA manual, “Thyristors, Rectifiei 


Fig. 4. Optically-isolated switch for TTY. 
and other Diodes." ■ 



FOTOKARD 


NOW - a QSL card with your photo, a picture of your 
shack, your home make your card truly personalized. 
Send a good clear picture, and preferably black & white, at 
least 2!4” x 254” (square format). PHOTOS WILL NOT BE 
RETURNED. Include your name, call, address and zip 
code. Go first class with your QSL - one you can really be 
proud of! And go for less than you would pay anywhere 
else. Cards are large international mail size with complete 
QSO info on the back. 


250 Cards.SI 2.00 

5(H) Cards.S18.00 

1000 Cards.S25.00 



- QSL F0T0KARDS- 73 MAGAZINE Peterborough, N.H. 03458 — 

Name_Call _ Awards _ 

Address _ 

City_State-Zip- 

o 250 .SI 2.00 a Cash a Master Charge # 

a 500 .$18.00 a Check Enclosed Inter bank # 

n 1000.$25.00 n BankAmericard #_ Expiration Date 


^^^Signatunc 


Ham Help 


I am greatly frustrated!!! You and 

always trying to increase the numbers 
of amateur radio operators Well, I 

bootlegging capabilities using a Sil- 
tronix 1011C and a Tempo One that 

had been converted for CB band. 

Those days are over with; at! ! have 

now is a Yaesu F R-101S receiver with 
all the bands plus 2 & S meters. So I 
did two more things. They are os 



After monitoring 80 and 2 meter 
bands and logging a lot of local ops, I 
looked them up in the callbook. Then 
I would match the list with the local 

telephone book. And I was shocked to 

too busy, not at home, etc., etc. 



77 




















T he TTL mechanized 
keyboard keyer 
previously described by 
W9UBA and WA9VGS* has 
been carried a giant step 
forward by K6BS (formerly 
W9HI). Ern liked the 
simplicity of the Keycoder I 
design, but wanted a 
completely self-contained 
unit with very low battery 
drain for mobile and portable 
CW use. So he remechanized 
Keycoder I with inexpensive 
and readily available CMOS 
logic elements and obtained 
the following results: 7-8 
microamps of power 
dissipation during keyer 
operation, and a few tenths 
of a microamp during the 
quiescent state (there's no 
“on-off” switch in his unit). 
Ern reports that he’s still 
using the same 9 volt 
transistor battery that he 
installed in October, and that 
it’s still reading 9 volts 
(mid-March). Useful battery 
life should about equal the 
shelf life of the battery. 

The elimination of an ac 
power supply in this CMOS 
keyer, of course, means less 
weight, less space required, 
less building time, and, most 
important, fewer dollars to 
build. Also, with no ac leads 
coming into the unit there is 
even greater immunity to rf 
interference (K6BS operates a 
kilowatt and has had no rf 
problems). 

As shown in the schematic 
diagram, the circuit operation 
is practically identical with 
that of Keycoder I, so only 
the differences will be 
commented upon here. 
Observe that pins 4, 5, and 6 
of U7 (top left of diagram), 
and pins 11, 12, and 13 of U7 
(to the right of the SCR Q1), 
are shown as inverters. 
Actually, these are 2 NAND 
gate sections of a quad 
2-input NAND gate element 
(CD4011); they function as 
inverters this circuit (the 
inputs of each section are tied 
together), so are shown as 
inverters. 
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Another CW Keyboard Keyer 

-- CMOSed for ultra low power consumption 


The 22k and 10k resistors 
and the 0.22 uF capacitor in 
series with each other across 
the 9 volt transistor battery 
provide a bit of transient 
filtering for the 9 volts, and 
the resistors also serve to 
limit current through the 
SCR. The diode connected to 
the junction of the resistors 
gives a small amount of feed¬ 
back around the SCR, and 
may not be needed. 


depending upon the partic¬ 
ular SCR and R and C values 
you use. 

The dot generator is a 
relaxation oscillator con¬ 
sisting of two sections of U7 
(top left of schematic) with 
RC feedback. It works like 
this: In the quiescent con¬ 
dition, the logic states are as 
shown on the schematic, and 
the 0.27 uF capacitor is fully 
charged. When pin 1 goes 


high, pin 3 goes low, and pin 
4 (the dot generator output) 
goes high, starting the first 
dot. With pin 3 low, the 
capacitor starts to discharge 
toward that point, but does 
so relatively slowly due to the 
large resistances in the dis¬ 
charge path. When the 
capacitor has discharged 
sufficiently, the voltage at pin 
2 falls below the input 
threshold of the gate, causing 
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pin 3 to go high, and pin 4 to 
go low, completing the first 
dot. With pin 3 high, the 
capacitor starts to charge 
again, but again takes a finite 
time to do so because of the 
large R. When the capacitor 
charge reaches the input 
threshold of the gate, pin 3 
goes low again, and the cycle 
repeats, as long as pin 1 is 
high. 

In order to further 


conserve microamps, and 
because all his rigs have 
sidetones, K6BS did not 
include a monitor in his 
CMOS keyer, but the above 
dot generator circuit could 
easily be duplicated, with ap¬ 
propriate changes in R and C 
values, to provide a code 
monitor; only one additional 
29 4 element would be re- 


The core matrix circuitry 
is a little different than that 
in the TTL Keycoder. First of 
all, the logic is reversed since 
CMOS flip flops are set with a 
logic “1", rather than with a 
“O'*. Hence, the core 


secondaries are connected to 
ground, and phased such that 
a positive spike is generated 
when a key is closed and the 
SCR fires. As with the 
original Keycoder, the 
phasing of the cores can be 
determined experimentally 
during construction. The Ik 
resistors from the core 
secondaries to ground are for 
loading, and 1 k is simply a 
nominal value. Because of the 
extremely high input resis¬ 
tance of CMOS elements, all 
pins must be terminated to 
prevent self-oscillation and 
resultant thermal runaway. 
Therefore pins 6 and 8 of the 
CD4013 flip flops (U1-U4) 
are connected to ground 
through 1 M resistors. The 22 
pF capacitors stretch the 
extremely rapid input spikes 
from the cores into 10 usee 
wide pulses to set the shift 
register flip flops. 

NPN transistor Q2 can be 
selected with sufficient drive 
to work with either of the 
output schemes discussed in 
the previous article. ■ 
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The word is getting around. There is 
simply no better processor available for 
general purpose computer work than 
the Motorola MC6800. This memory 
oriented processor is easier to program 
and makes possible more efficient, 
shorter and faster running programs 
than the old fashioned bus oriented 
processors. Have you been convinced 
that machine language, or assembler 
programs are only for the experts? 
Well not with a modern 6800 based 
computer. Anyone can learn very 
quickly with this simple straight¬ 
forward hexidecimal notation pro¬ 
cessor. When you add to these ad¬ 
vantages the unique programmable in¬ 
terfaces and the Mikbug® ROM you 
truly have a "benchmark" system. 

Mikbug® eliminates the tedious and 
time consuming job of loading the 
bootstrap program from the switch 
console each time the computer is turn¬ 
ed "On". With Mikbug® this is auto¬ 
matic and you simply don't have 
switches and status lights. It has been 
said (not by us) that a switch console is 
essential for "hardware development," 
(perhaps they meant "hardware de¬ 
bugging"). Anyway the SwTPC 6800 
system has no need for either. This is a 
fully developed, reliable system with 
no strange habits. All boards have full 
buffering for solid noise immune oper¬ 
ation. One crystal type clock oscillator 
drives everything, processor interfaces 
and all; so there are no adjustments and 
no problems. 

FOR VALUE 

The SwTPC 6800 in its basic form 
comes complete with everything you 
will need to operate the computer ex¬ 
cept an 1/0 device. This may be either 
a teletype of some kind, or a video 


terminal. You get a heavy duty an- Santa Monic 
nodized aluminum case, a 10 Amp fjiosanta 1 ' 
power supply large enough to power a (714) 279-4 
fully expanded system, a mother board me Micro s 
with seven memory/processor slots and ^ 214 ^ 231 ^ 
eight interface slots, a 2,048 word sta- ELS System 
tic memory and a serial control inter- Cleveland h 
face. This kit is now only $395.00. It < 216 > 249 - 7i 
was introduced at $450.00, but when ^ r ° c< ^ 9L 
processor prices went down we reduced 33609, (813 
the price of the kit accordingly. wniiam Elec 

Bridge Ave., 

As an owner of our 6800 computer < 201 > 385-3 
you will get copies of our newsletter ^ 

with helpful information and software (212)279-11 
listings. We have a library of software me Byte sn 
including all the common computer 94040 

games and our fantastic BASIC. This yne Byte Sh 
is available to you for the cost of copy- 3400 ei can 
ing, you don't have to buy anything to 9S051, < 408 
get this material. Cong afacn! 

What more could you want? Pay a visit 
to our nearest dealer and see the 6800, (617) ssi-i: 
plus our new cassette interface, graphics me comput 
terminal and printer. He will be happy 
to demonstrate our system and to sup- Tne ComBU( 
ply you with a 6800 that will fit your street, Burin 
exact needs. (617,272-a; 
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Computer System ( 414 ) 259-9140 


with serial interface and 2,048 words 
of memory.$395.00 


Southwest Technical Products Corp. 
219 W. Rhapsody 
San Antonio, Texas 78216 
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SC/MP microprocessor ; 
of the SC/MP kit). * 

I 512 byte Read-0 
vhich contains KITBUG 
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RTTY/uP Flexibility 

-- Baudot/ASCI I 

serial/parallel I/O 


The next two construction 
articles in this series allow 
your RTTYjComputer Dis¬ 
play System to be hooked to 
serial data lines, either ASCII 
or Baudot, rather than having 
to accept parallel ASCII. This 
feature can prove very useful 
if the display unit is very far 
away from the data sending 
unit (keyboard or computer). 

Both projects fit on a 
small (less than 4" x 4") 
board and connect to the 
main board with a dual ended 
DIP plug. They allow simple 
selection of a crystal con¬ 
trolled baud rate by setting 
eight inputs to the board high 
or low according to a for¬ 
mula. Each uses a UART, 
which makes reliability high 
and keeps the number of 
components low. 

With the main board and 
either one of these optional 
input boards, you have a very 
powerful display terminal 
easily switchable between 
different codes and formats. 

This month the ASCII 
input will be discussed, while 
next month the Baudot 
article will be presented. 
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F igs. 1 and 2 are the 
schematic diagrams for 
the serial ASCII input option. 
This option is used to convert 
serial ASCII to parallel, or 
take parallel data from a key¬ 
board and serialize it. The 
major device used is the 
UART, which changes the 
data’s format while con¬ 
verting from serial to parallel 
(or vice versa). 

The UART requires a 
clock at 16 times the baud 
rate, which is made by two 
divide by N counters. The 
counters each have four 
inputs, which control the 
number of divisions the 
counter has (from 1 to 16). 
The formula for setting these 
inputs is: 









Fig. 2. Jumpers: A-C- TTY keyboard operation (input); B-C — RS-232input. 


380,160 
16 x baud rate 


Note that the number must 
be converted to binary to set 
the inputs. Therefore, for 110 
baud the setting would be: 


The inputs to the two 
counters appear at eight pins 
of the P3 plug, and can be 
hardwired to the determined 
setting or run to a switch 
where several speeds can be 
selected, jumper settings for 
several common baud rates 
can be found in Table 1. 

The output of these divi¬ 
ders (circuits 2 and 3) is pin 
15 of circuit 3, and is sent to 
the UART clocks, pins 17 
and 40. 

The serial input data can 
take any of three forms: 
TTL, EIA, or 20 mil loop. If 
it is TTL or RS-232 (EIA), it 
is fed into an operational 
amplifier which inverts it. If a 
20 mil loop is used, the out¬ 


side world simply opens and 
closes the circuit between 
pins 1 and 12 of plug P2. 

If these contacts are 
shorted, current flows 
through the 100 and 120 
Ohm resistors, causing a 
voltage drop across the 120 
Ohm. This voltage drop is fed 
through a resistor to turn 
transistor Q1 on, grounding 
its collector. This brings pin 8 
of circuit 4 high — which is a 
mark condition to the UART. 
If the two terminals are open, 
no voltage drop will appear 
across the 120 Ohm resistor, 
and the transistor will stay 
turned off. This will bring 8 
of 4 low — a space condition 
to the UART. Either the 
output of the op amp or the 
inverter can be jumpered to 
the UART serial input, with 
B-C being the op amp and 
A-C being the loop input. 

This data is fed into the 
UART, and is converted to 
parallel there. The parallel 
output is buffered by circuits 
8 and 9, and the data ready 
line (pin 19) goes high when 
the output data is stable. This 
line sets a flip flop (pin 9 of 
5) which brings 10 of 5 low. 


Speed (Baud) Divide By 

Decimal Binary 


This is sent through an AND 
gate to the display unit as the 
strobe line. It also goes 
directly back to the UART to 
acknowledge the data ready 
line. 

When the display unit 
receives the strobe, it enters 
the data into memory and 
sends back a strobe received 
pulse. This resets the flip 
flop, causing strobe to go 
away. The UART is now 
ready to receive another byte 
of data. 

If data from a keyboard is 
to be serialized, the parallel 
data is presented at the 
UART, pins 26-32. If you 
don’t want parity sent with 
the data, jumper D. Likewise, 
if you do want parity sent, 
don't jumper points D. Then 
jumper or leave H if you want 
odd or even parity, respec¬ 
tively. The strobe pulse from 
the keyboard is debounced 
by the .001 disc capacitor 
and the first half of circuit 
11. The output of this flip 
flop is sent to the clock of 
the next one. When this goes 
high, the second flip flop’s 
output goes low. This is 
ORed with the clock, so that 
the next time the clock goes 


low, the flip flop will be 
preset. The series of events 
for the strobe input is shown 
in Fig. 3. 

Pin 9 of 11 is the strobe 
received pulse sent back to 
the keyboard, and also loads 
the data into the UART. 
After the load pulse goes 
away, the data is sent out pin 
25 serially. 

This output is buffered at 
pin 12 of 6 and is sent to the 
three different outputs. It is 
sent directly to the TTL out¬ 
put, but is buffered to +5 and 
-5 volt swings at the other 
half of the operational ampli¬ 
fier (circuit 10) for the EIA 
signal. The signal is also sent 
to a 20 mil loop switch, 
transistors Q2 and Q3. With 
the output high (mark), tran¬ 
sistor Q2 is conducting, 
which grounds its collector. 
This turns on transistor Q3, 
which allows loop current to 
flow. If the output is low, Q2 
is cut off leaving the base of 
Q3 high - also cut off. No 
loop current flows. 

The -5 volt supply to the 
op amp is derived from a 
resistor divider from -12 V to 
ground, since -5 V is not sent 
from the main board to the 
ASCII input. 

If "rept” is brought high, 
the clear line of circuit one is 
brought high, allowing its 
output to oscillate. This 
output is fed to the AND gate 
used for the strobe pulse - 
causing the strobe line to the 
display unit to oscillate. It 
should be noted here that 
even though the data ready 
line of the UART may have 
been reset before, the outputs 
are still available. 

Assembly 

Refer to the first four 
paragraphs of the main logic 
board’s assembly procedure 
for basic information per- 
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110 40 00101000 

148 10010100 

177 10110001 
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Table 1. 


Fig- 3. 






Fig. 4. PC board. 



taining to the assembly of 
this unit. Fig. 6 is the place¬ 
ment drawing for all of the 


components on the ASCII 
input board. All parts have 
part numbers and component 


numbers (as used in the sche¬ 
matics) printed on the 
drawing. 


1. Mount and solder all 
resistors and diodes to the 
board. The banded (cathode) 
ends of the diodes are marked 
with a square pad on the top 
of the board. Mount all of the 
components before soldering, 
as a way to check your work. 

2. Mount and solder the 
40 pin socket and the three 
16 pin sockets at the posi¬ 
tions marked UART, PI, P2, 
and P3, respectively. 

3. Mount all of the TTL 
integrated circuits on the 
board and after checking 
their placement, solder them 
in. The placement of pin one 
is denoted by a small “flag" 
coming off of that pin’s pad 
- along with a square pad on 
the top of the board. 

4. Plug the 40 pin UART 
into the socket, being careful 
not to bend the leads. 

5. Mount all capacitors 
and the transistors, being sure 
to polarize the electrolytics. 
The square pad on the top of 
the board denotes the posi¬ 
tive end of the capacitor and 
the emitter of the transistor. 

6. If parity is not to be 
sent, jumper D. If you want 
to send parity with the 
serialized keyboard data, 
jumper or leave H depending 
on whether you want odd or 
even parity, respectively. 

7. Jumper E-G if your 
keyboard strobe pulse is nega¬ 
tive going. If it is positive 
going, jumper F-G. 

8. If you are using TTL or 
EIA RS-232 inputs, jumper 
B-C. If, however, you use the 
loop input, jumper A-C. 

Operation 

Connection of the serial 
ASCII input board to an 
external keyboard, modem, 
and main logic board is done 
by way of 16 pin DIP sockets 
and associated plugs. The 
cable with two DIP plugs is 
used to connect the two 
boards together, the input 
socket of the main board to 
PI of the option board. There 
are two remaining cables, one 
shipped with both the main 
and the option boards. 





































































Fig. 5. 


One of these cables goes 
from P2 to a parallel ASCII 
keyboard and/or the circuits 
associated with the loop 
input and the TTL output. 
The pin designations for plug 
P2are: 


1 - loop input + 

2 — fwd/5Ewd (to P 11 

3 - strobe received 

4 - strobe 

5 - b6 (keyboard data) 

6 — b5 

7 — b4 

8 — Ground 

9- bl (keyboard data) 
10 -b2 


12 - loop input - 

13 - b7 (keyboard data) 

14 — -12 V 

15 — TTL output 

16 — +5 V 



The other cable goes from 
P3 to the circuits associated 
with the TTL or EIA input, 
the repeat key, the EIA out¬ 
put, the loop output, and the 
speed selection switch (if 
any). The pin designations for 
plug P3 are: 

1 - bl (divide by N) 

2 — b2 


10-TTLor EIA input 
11 — -loop output 
12- 'Hoop output 
13 - EIA output 

15 — Ground 
16-Two stop bits 

Fig. 9 of the main article 
shows the colors of the flat 
cable as they relate to the 
pins of the DIP plug. 


Space = terminals open. 

Loop output: Mark = 
20 mil current flowing; 
Space = 0 mil current 
flowing. 

TTL or EIA input: 
Mark = .8--15 V; Space 
= 2.4-15 V. 


3 — b3 

4 — b4 
5-b5 

6 — b6 

7 — b7 

8 — b8 

9 — +5 V 


The specifications for the TTL output: Mark = 
input signals are: 0-.8 V; Space = 2.4-5 V. 

Loop input: Mark = EIA output: Mark = -3- 

terminals shorted; -15 V; Space = +3-+15 



Fig. 6. Parts placement. 


To connect the ASCII 
input board to a full duplex, 
20 mil loop teletype (KSR-33 
or ASR-33), follow the sche¬ 
matic in Fig. 5. ■ 
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Blowtorch 
Your ICs 

--a bonus from 
computer surplus 


Pete Walton VE3FEZ 
421 Lodor St. 
Ancastei Ontario 
L9G2Z9 


H ave you ever tried to 
remove 14 or 16 pin 
DIP ICs from surplus com¬ 
puter boards? Sometimes this 
can be a very exasperating 
job, and you may even pass 
up some good bargains 
because you don’t want to go 
through all the trouble of 
removing them. 

There are many ways to 
remove ICs. You can use a 
special tip that heats all the 
pins at once, you can clean 
the solder off the pins one at 
a time, you can use a special 
tip with a vacuum line 
attached, or you can even use 
a special tip with a blower 
attached. All these methods 
are slow, cumbersome, and 
expensive, and you will 
usually end up wishing you 
had three hands to accom- 
plish very much. _ 


The method that I use 
may shock you a bit at first, 
but believe it or not, it really 
works well. 

I remove ICs from surplus 
computer boards with a blow¬ 
torch. That’s right, a propane 
torch that can be obtained in 
just about any ham’s work¬ 
shop. 

I turn the flame on the 
pins from the circuit side of 
the board and yank the 1C 
out (fast) from the com¬ 
ponent side of the board 
using an 1C puller or just a 
plain old pair of pliers. Even 
when using the torch running 
full blast, I have yet to 
damage an 1C due to ex¬ 
cessive heat. Excessive heat 
seems to be an old wive's tale 
on some of these modern ICs. 
Of course you can't reuse the 
boards. ■ 


If you want a microcomputer 
with all of these standard features.•• 



•then let us send you our card. 


HAL Communications Corp. has 
been a leader in digital communi¬ 
cations for over half a decade. 

The MCEM-8080 microcomputer 
shows just how far this leadership 
has taken us...and how far it 
can take you in your applications. 
That’s why we'd like to send 
you our card—one PC 
board that we feel is the 
best-valued, most complete 


microcomputer you can buy. For 
details on the MCEM-8080, write 
today. We’ll also include compre¬ 
hensive information on the HAL 
DS-3000 KSR microprocessor- 
based terminal, the terminal that 
gives you multi-code compati¬ 
bility, flexibility for future 
changes, editing, and a 
convenient, large video 
display format. 



HAL Communications Corp. 

Box365,807E. Green Street, Orbana, Illinois 61801 
Telephone (217) 367-7373 
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Roger P. KUIick G8KWR/DC9CK 
58 Sevenfields 
High worth 

Swindon 

Wiltshire 

England SN 6-7NG 


How to Interface 

a Clock Chip 


- - Baudot, BCD or ASCII conversion 


Fig. 1. 

his circuit was 
developed as the result 
of a need to interface a clock 
chip to some other hardware. 
Unfortunately, the clock chip 
available had only 7-segment 
output, and was not equipped 
with BCD outputs. The first 
solution required a relatively 
large number of gates, and 
because of space restrictions, 
was inconvenient for the 
project in hand. To overcome 
this problem, the gating was 
replaced with a 32 x 8 PROM, 
addressing the PROM from 
the 7-segment output of the 
clock, with the BCD stored in 
the appropriate locations of 
the PROM. Fig. 1 illustrates 
the segment designations of a 
7-segment display. 

Since the PROM is 32 x 8 
bits, it has only 5 address 
lines, and it is therefore 
impossible to use all the clock 
outputs. But if the 7-segment 
coding for the numerals 0-9 is 
considered (Table 1), it can 
be seen that it is still possible 
to obtain a unique code for 
each numeral, by using only 
segments a, b, e, f and g. If 
segment a is considered as the 
most significant bit, and 
segment g as the least 
significant bit of a 5 bit 


natural binary code (used to 
address the PROM), then the 
ten locations listed in Table 1 
will be addressed for the 
numerals 0-9. These locations 
contain the BCD code. 

Although the solution was 
satisfactory, there is a 
considerable amount of 
unused space in the PROM, 
and since it was desired to 
link the clock to a 
microprocessor-based RTTY 
system at a later date, it was 
decided to see if any of the 
remaining locations could be 
used to contain ASCII or 
Baudot coding for the 
numerals 0-9. The first to be 
dealt with is Baudot. If BCD 
and Baudot are compared 
(Table 2), it is very clear that 


element “B" of the BCD is 
identical to element "E" of 
the Baudot, except for the 
numeral 1. If it were not for 
this one difference, it would 
be possible to store the BCD 
(4 bits) and the Baudot (5 
bits) in the 8-bit word of the 
PROM. This problem was 
overcome by the addition of 
a 7410 triple 3-input NAND 
to the output of the PROM, 
as shown in Fig. 2. Then, in 
any given word of the PROM, 
the BCD is stored in bits 0-3, 
and elements A, B, C and D 
of the Baudot are stored in 
bits 4-7. Thus all the BCD 
and elements a-D of the 
Baudot are directly available 
at the output of the PROM, 
and clement E of the Baudot 


is obtainable from the extra 
gating, which works as 
follows. If the output of U1 
is high, then the output of U3 
will follow the input of U2 
(element B of the BCD). But 
if at any time the output of 
U1 should be low (which will 
happen for numerals 1 and 
7), then the output of U3 will 
be forced high. The output of 
U3 can then be used as 
element E of the Baudot. 
Thus the aim of encoding 
both BCD and Baudot is 
achieved, and they are 
available simultaneously. 

Obtaining the conversion 
to ASCII was accomplished in 
a totally different way. It was 
necessary to modify the 
address inputs in some way, 


0 


6 

7 

S 

9 


1111110 
0 1 1 0 0 0 0 
110 110 1 
11110 0 1 
0 110 0 11 
10 110 11 
0 0 11111 
1 1 1 0 0 0 0 
1111111 
1110 0 11 


PROM location addressed 
with segments a, b, e, f, g. 
(Decimal) 

30 
8 

29 

25 

19 

7 

24 

31 
27 


BCD 

D C B A 

0 0 0 0 
0 0 0 1 
0 0 10 
0 0 11 
0 10 0 
0 10 1 
0 110 
0 111 
10 0 0 
10 0 1 


Baudot 

E D C B A 

0 110 1 
1110 1 
110 0 1 
1 0 0 0 0 
0 10 10 
0 0 0 0 1 
10 10 1 
1110 0 
0 110 0 
0 0 0 1 1 


Table 1. 7-segment code. 


Table 2. BCD and Baudot. 






PROM location addressed 



Fig. 2. Conversion circuit. 


Numeral a b e f g 

0 0 0 0 1 1 

1 10 10 1 

2 0 0 0 0 0 

3 0 0 1 0 0 

4 10 110 

5 0 1110 

6 110 10 

7 0 0 1 0 1 

8 0 0 0 1 0 

9 0 0 1 1 0 


with segments a, b, e, f, g. 
(Decimal) 

3 
21 

0 

4 
22 
14 
26 


6 


Table 3. 7-segment code, with a, b, e and g inverted. 


so that the 7-segment would 
address another set of unique 
store locations. The only 
modification of the address 
inputs which can be done 
easily is controlled inversion. 
With the aid of a computer, 
all the possible combinations 
of inversion of the address 
inputs were checked, from 
which it was discovered there 
were two. And for reasons 
which will be given later, the 
following was chosen. By 
inverting segments a, b, e and 
g from the clock, the 
locations listed in Table 3 can 
be addressed, and it is in 
these locations that the 
ASCII (or any other code) is 
stored. The inversion is 
carried out with a 7486 quad 
exclusive OR, as shown in 
Fig. 2. If point X in Fig. 2 is 
brought high, then segments 
a, b, e and g of the clock are 
inverted, and ASCII can be 
obtained from the outputs of 
the PROM; if X is at logic low 
level, then the outputs 
obtained from the PROM will 
be Baudot/BCD. 

The circuit given will 
function perfectly well with 
any 7-segment coding which 
produces a 6 without a top, 
and a 9 without a tail. Since 
some clock chips produce the 
6 with a top, and a 9 with a 
tail, this was also given 
consideration. And this is the 
reason that of the two 
possible combinations of 
inversion of the input to the 
PROM, the one given was 
chosen. Since the tail of a 9 is 
given by segment c, it will 
have no effect anyway. But 
the top of the 6 will affect 
the most significant bit of the 


PROM address line, and it is 
necessary to allow for it. All 
that is required is to repeat 
the BCD/Baudot for the 
numeral 6 in another location 
of the PROM, and the same 
for the ASCII coding of the 
numeral 6. This information 
is given in Table 4. 

Thus it can be seen that 
with the addition of 2 extra 
packages to the PROM, it is 
possible to cater for the 
conversion of 7-segment to 
ASCII/BCD and Baudot, with 
or without topped 6s and 
tailed 9s. A complete 
summary of the layout of the 
PROM is given in Table 5. 


Address (Binary) 
00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
01101 
oiiio 
01111 
10000 
10001 
10010 
10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 
11011 
11100 
11101 
11110 
11111 


Although this conversion was 
designed for use with a clock 
chip, it could be equally well 
used to convert the output of 
other chips, such as digital 
voltmeters, to another code. 

The PROM used was a 
6331 from Monolithic 
Memories, but a Signetics 
8223, which is easily 
obtainable, can be used 
instead. Instructions for 


programming the 8223 are 
given in the January 1976 
edition of 73, in the article 
“The Computer QSO 
Machine," by B. D. 
Lichtenwalner. ■ 

References 

Monolithic Memories 6331 Data 
Sheet. 

"The Computer QSO Machine." 
B. D. Lichtenwalner, 73 
Magazine , January 1976. 


7segment a b e f g Location 23 

10 111 

a, b. e, &g 0 10 10 Location 10 

inverted 

Table 4. Allowance for topped 6s. 


Address (Decimal) Content 

0 ASCII Numeral 2 

1 Empty 

2 ASCII Numeral8 

3 ASCII Numeral 0 

4 ASCII Numeral 3 

5 ASCII Numeral 7 

6 ASCII Numeral 9 

7 BCD/Baudot Numeral 6 

8 BCD/Baudot Numeral 1 

9 Empty 

10 ASCII Numeral 6 

11 BCD/Baudot Numeral 4 

12 Empty 

13 Empty 

14 ASCII Numeral 5 

15 Empty 

16 Empty 

17 Empty 

18 Empty 

19 BCD/Baudot Numeral 5 

20 Empty 

21 ASCII Numeral 1 

22 ASCII Numeral 4 

23 BCD/Baudot Numeral 6 

24 BCD/Baudot Numeral 7 

25 BCD/Baudot Numeral 3 

26 ASCII Numeral 6 

27 BCD/Baudot Numeral 9 

28 Empty 

29 BCD/Baudot Numeral 2 

30 BCD/Baudot Numeral 0 

31 BCD/Baudot Numeral 8 
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Table 5. Summary of layout of information in PROM. 









can husbands have heard 
that? If this were the opening 
block on the “wordless work¬ 
shop" home improvement 
cartoon feature found 
monthly in Popular Science 
magazine, the next six car¬ 
toon blocks would illustrate 
the construction of a giant 
bird cage or ski jump for the 
backyard to entertain the 
kids. This is a nice idea, but 
there are very few things 
which are universally enter¬ 
taining to children, or adults 
for that matter - except 
maybe the boob tube. 
Today’s generation of 
children has grown up spend¬ 
ing more time in front of a 
television than in school. The 
TV has become a cheap baby¬ 
sitter and the primary source 
of entertainment for most 
American families. 

Wilbur, trying to keep 
peace in the family, scans the 
TV listings and sees that he 
has a choice of Peyton Place 
reruns, a subtitled movie in 
Swahili and Jimmy Durante 
doing impressions of Walter 
Cronkite. His only wish at 
this point is that the TV set 
would show something that 
he wanted rather than what 


Hey, 

Look What My Daddy Built! 

- - six TV game chip can make you a hero 


Smell-o Deodorant or Slip¬ 
pery Lip Ice Cream was 
willing to sponsor. 

Wilbur checks his Popular 
Science and considers the car¬ 
tooned suggestions, but 
decides that he might enjoy 
the bird cage idea too much 
and the ski jump would 
attract more noisy kids. In his 
continuing search through the 
magazine rack, he spies an 
article describing the con¬ 
struction of a TV ping pong 


game and decides this may be 
the answer to his problem. 
Such a system would use his 
existing TV — no re-educa¬ 
tion necessary - and all parts 
are available from a supplier 
listed in the article. 

Wilbur spends his $140 
and obtains a kit by mail a 
month later. He carefully lays 
out all the parts for the basic 
game plus the optional 
scoring board and power 
supply: 90 TTL ICs, assorted 


resistors, capacitors and hard¬ 
ware. His wife surveys this 
and pipes in with, “Do they 
sell that junk by the pound?” 

Completely undaunted, 
Wilbur spends the next week, 
three telephone calls to the 
kit manufacturer, and one 
very expensive and frustrating 
visit to a TV repairman for 
him to set and align all the 
timing circuits. The kids have 
been thoroughly entertained 
in the meantime watching 


Game circuit built by author. 




Fig. 1. TV game schematic. 



Fig. 2. 2 MHz oscillator. 
Miller 9055 miniature slug- 
tuned coil; all resistors A W 
596; all caps min. 25 V 
ceramic. 


occurs, a point will be auto¬ 
matically scored against the 
erring player and the ball will 
again be automatically served 
toward him again. Serve will 


Daddy cuss each individual 
component as he assembled 
the massive board. 

Then came the moment of 
truth. Power on. It would be 
unfair to say that it didn’t 
work. It did work and the 
kids were completely 
occupied for about three 
weeks. They then got tired of 
just bouncing the ball back 
and forth in the same ping 
pong game all the time. 
"Wilbur, can’t you keep those 
kids quiet while I’m making 
dinner?” ARRRRG! 

This painfully familiar 
story serves as our introduc¬ 
tion to the world of TV 
games. There are TV games 
sold in every discount store 
and almost every major elec¬ 
tronics periodical has had a 
construction article on them. 
The commercial units cost 
between $75 and $100 and 
the construction kits are 
about the same cost, but 
there are considerable differ¬ 
ences among them. Some 
may be using older designs 
which may have as many as 
100 chips to perform only 
one game, or at the other 
extreme one chip to perform 
six games. Obviously, Wilbur 
would have been better off 
buying a unit which per¬ 
formed more than one game 
and allowed variations within 


necessarily mean a lower 
price and increased reliability. 

The ultimate in perfection 
(so far) is the subject of this 
article: the AY-3-8500-1 
made by General Instru¬ 
ments. This is a 24 pin MOS 
integrated circuit TV game 
chip capable of playing six 
different TV games. The 
features are as follows: 

1. Six selectable games 
— tennis, hockey, 
squash, single player 
practice, and two rifle 
shooting games 

2. Automatic scoring 

3. Score display on TV 
screen: 0-15 

4. Selectable bat size 

5. Selectable ball speed 

6. Selectable deflection 
angles 

7. Automatic or man¬ 
ual ball service 

8. Realistic sounds 

9. Shooting forwards 
in hockey game 

10. Visually defined 
playing area for the 
four ball games 

Game Descriptions 

TENNIS: 

The tennis game picture 
on the TV screen will be as 
shown in Fig. 5. There will be 
one bat or player per side, a 
playing field boundary and a 
center net. Scoring position is 
as illustrated. After reset is 


not change until he scores a 
and the ball will serve arbi- point and gains the advan- 
trarily from one side toward tage. A game concludes when 
the other. It is the opposing one player’s score totals 15 
player’s objective to intersect points, 
the path of this ball and The exact details of the 
deflect it back toward his game are a functjon of the 
opponent. If no intersection optional speed, size, and 



Fig. 3. Rifle circuit. PT-1 — phototransistor TIL64 or equiv.; 
4098 — dual monostable; 4011 — quad 2 input NANO; all 
resistors A W 596; all caps min. 25 V dc ceramic. 



Fig. 4. VHF modulator sample circuit. All resistors 'A W 596; all 
caps min. 25 V ceramic unless otherwise noted. NOTE: THIS 
IS AN ILLUSTRATION OF A SAMPLE VHF MONITOR. 


each. Fewer parts would applied, the score is 0 to 0 THIS CIRCUIT HAS NOT BEEN APPROVED BY THE FCC. 
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Fig. 5. Tennis game with ball in play. 


Fig. 7. Squash game with ball in play. 



Fig. 6. Hockey game with ball in play. 


angle selections. While the 
game is in progress, three 
audio tones are output to 
indicate boundary reflections, 
bat hits and scores. 

HOCKEY: 

The rules of the hockey 
game are exactly the same as 
the tennis game except that 
each human player controls 
two bats or players on the 
screen. These players shown 
in Fig. 6 are referred to as the 
goalie and the forward respec¬ 
tively. The goalie defends the 
goal, while the forward is 
located in the opponent’s 
playing area. When the game 
starts, the ball will be arbi¬ 
trarily served from one goal 
toward the other side. If the 
opponent’s forward can inter¬ 
cept the ball, he can shoot it 
back toward the goal and 
score a point. If the ball is 
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missed it will travel to the 
other half of the playing area 
and the opponent’s forward 
will have the opportunity to 
deflect the ball toward the 
goal. If the ball is “saved" by 
the goalie or it reflects from a 
boundary, the same forward 
will have an opportunity to 
again try to deflect the ball 
back toward the goal. This 
method of jamming the ball 
between the forward and the 
goalie is a very effective 
scoring method and makes 
for an exceptionally exciting 
game. 

Scoring and audio are the 
same as the tennis game. 
SQUASH: 

This game is illustrated in 
Fig. 7. There are two players 
who alternately hit the ball 
against a back court bound- 


Scoring and audio are the 
same as the tennis game. 
PRACTICE: 

This game is illustrated in 
Fig. 8 and is similar to squash 
except that there is only one 
player. 

RIFLE: 

The rifle game is illus¬ 
trated in Fig. 9. Rifle 1 game 
results in a large target which 
randomly shoots across the 
screen while Rifle 2 requires 
that the target bounce around 
within the area defined by 
the TV screen. External cir¬ 
cuitry listed in Fig. 3 condi¬ 
tions optical input to a 
photocell located in the 
barrel of a toy pistol or rifle 
which is aimed at this random 
target. When the trigger (PB3) 
is “pulled,” the shot counter 
is incremented. If the rifle is 
on target, the hit counter is 
incremented. 

After 15 shots the score is 
displayed. 

Circuit Description 

The simplest circuit 
utilizing this game chip is 
illustrated in Fig. 1 and 
shown in the photo. A DIP 
switch (S1-S8) is used for 
rarely changed functions such 
as game selection, rebound 
angle and bat size. A $2.00 
eight section switch such as 
this serves to lower overall 
costs by replacing about 
$8.00 worth of toggle and 
rotary switches while main¬ 


taining miniaturization. SI 
through S6 are the game 
selection switches. Only one 
of the switches is enabled or 
placed in the ON position. 
The others must be left open 
or the game chip will try to 
play more than one game 
simultaneously. The correct 
procedure for selecting a 
game is to turn the currently 
programmed game off (all six 
switches open) and then close 
the particular switch for the 
desired game. Switches 1 
through 6 will select the 
following games respectively: 
Rifle 1, Rifle 2, tennis, 
hockey, squash, and practice. 

Bat size and ball deflection 
angle are controlled by DIP 
switch sections S7 and S9 
respectively. With S7 open 
the larger bat size is selected. 
On a 21" television screen 
this will appear to be about 
2”. When this switch is in the 
closed position, small bats of 
approximately half the pre¬ 
vious size will be displayed. 
All paddle game photos in 
this article illustrate the large 
bat selection. 

When first playing a TV 

game, a player may want to 
find his bearings and fine 
tune his eye-hand coordina¬ 
tion. For just this reason 
General Instruments provided 
for selectable bounce, or 
deflection angles. When SS is 
open, three rebound angles 
are enabled - plus and minus 
20 degrees and straight back 












Fig. 8. Practice game with ball in play. 


Fig. 9. Rifle games 1 and 2 target. 


at 0 degrees. With S8 dosed, 
five rebound angles are 
possible — plus and minus 20, 
plus and minus 40, and 0 
degrees. This latter selection 
requires considerable player 
skill and dexterity and adds 
new dimensions to otherwise 
repetitious games. If that 
were not enough, selectable 
ball speed is also available. 
The ball speed switch SWI is 
used more often than the 
game select switches and 
therefore should be a more 
easily used slide switch. When 
this switch is open, low speed 
is selected. In this mode the 
ball takes 1.3 seconds to 
traverse the screen. When the 
switch is closed, high speed is 
chosen and the ball will dart 
across the screen in .65 
seconds. There is a complete 
understanding of the concept 
of human fallibility after 
playing a game which com¬ 
bines small bat size, full 
rebound angles, and a fast 
ball speed. With this combina¬ 
tion, the cure for boredom 
becomes electronically 
induced insanity. 

If these features were not 
sufficient, there are more — 
realistic sound and automatic 
scorekeeping. All games con¬ 
sist of 15 points with both 
players starting with a score 
of zero after pushing the 
game reset button (PB1). 
With pin 7 grounded through 
the manual serve push-button 
(PB2), play will resume auto¬ 
matically upon the release of 


the reset button. Automatic 
start is signified by the game 
ball being arbitrarily served 
into the playing area, and 
each time a point is scored, 
the ball will come into play 
into the court defended by 
the player having scored the 
point. If automatic start is 
not desired, the reset and 
serve buttons should be 
pressed simultaneously when 
resetting a game. The reset 
button is then released while 
still depressing the serve 


button. This will allow com¬ 
plete player readiness and will 
only put the ball in play 
when the serve button is 
finally released. Score is 
incremented (up to a high of 
1 5) each time a player fails to 
deflect a ball away from goal. 

All of this rebounding and 
scoring results in some very 
interesting game sounds. A 
ball hit upon a paddle results 
in 32 milliseconds of 976 Hz 
tone. A boundary reflection 
is 32 milliseconds (msec) of 


488 Hz tone and score is 160 
msec of 1.95 kHz tone. This 
square wave oscillation is 
amplified by a 2N2222 tran¬ 
sistor and applied to a 100 
Ohm .2 Watt speaker. (An 8 
Ohm speaker may be used 
with proper current limiting 
in the collector circuit.) SW2 
is provided to switch off the 
sound without having to shut 
off the game. Player position¬ 
ing is remotely controlled 
through cables attached to 
pins 10 and 11 of the game 



Inside of author's game unit illustrating parts layout. 









Parts List for Figs. 1 and 3. 

A1 AY-3-8500-1 MOS game chip General Instruments 

A2 4072 Dual 4 input OR gate CMOS RCA 

A3 4011 Quad 2 input NAND CMOS RCA 

A4 4098 Dual monostable CMOS RCA 

01. Q2 2N2222 or equiv. 

S1-S8 8 position DIP switch Grav Hill or equiv. 

PB1. PB3 SPST momentary push-button 



C & K Subminiature 
SW1.2 SPST slide switch 

Alco Subminiature 
SM3 SPST toggle switch 

C 8i K Subminiature 3 A 115 V ac 
PT-1 Tl L 64 phototransistor or equiv. 

D1, D2 1N914 diode Texas Ins. 

Cl 100 uF electrolytic 15 V dc 

Z1 1N753A or equiv. 

R1, R2 1 meg composition potentiometer 2 Watt 

Allen-Bradley or equiv. 

SPK 100& .2 Watt speaker 

LED NSL5053 LED or equiv. 

All resistors are 'A Watt 10% unless otherwise indicated. 

All capacitors are ceramic type with min. voltage ratings of 25 V dc 
unless otherwise indicated. 

MISC extension cable, batteries, box, hook up wire, etc. 


chip. Each player control Longer or shorter time con- 

consists of a 1 meg pot and .1 slants will result in relatively 

microfarad capacitor which different vertical player posi- 
combines to form a variable tions. To reduce noise, this 

time constant utilized by extension cable should be 

internal timing circuitry, shielded; otherwise, a display 


malady referred to as used to amplitude modulate 
“herringbone effect” will an rf carrier suitable for a 
result. standard television receiver. 

For a TV game to be Fig. 4 illustrates a sample 
properly displayed on a raster circuit of this basic type of 
scan television, the proper modulator. With the corn- 
video signal, similar to that of ponents chosen, the fre- 
any commercial TV station, quency is approximately that 
must be applied to the of VHF channel five. (This 
antenna. Such a video signal circuit is intended for illustra- 
results from synchronized tion only and acceptability 
dividers inside Al, which by the FCC as a proper class 
divide the 2 MHz master I rf modulator is not 
clock (Fig. 2) and output the inferred.) The modulator 
required 60 Hz vertical and output is connected directly 
15750 Hz horizontal sync to the TV antenna terminals, 
signals. These signals from pin with the antenna discon- 
13 are combined with those nected, and adjusted for the 
of the ball output, right best reception, 
player output, left player This game is a marvel of 
output, and score and field engineering ingenuity through 
output (pins 5, 8, 9, and 21 which General Instruments 
respectively) in a two bit has succeeded in enlightening 
digital to analog converter the average American to the 
formed with a 4072 CMOS latest advances in electronic 
dual 4 input OR gate. This technology. It is easy to over¬ 
type of video output is re- look 16K bit RAMs and 
ferred to as composite video microprocessors, but it is 
output and is suitable only hard to ignore such a mar- 
for use on video monitors and velously exciting TV game 
not standard televisions. This when presented on your own 
video output may in turn be home television. ■ 


















A TTL Tester 


Silas S. Smith Jr, WA9VFG 
2308 McCord 
Murphysbo ro IL 62966 


-great for unmarked bargain ICs 


B eing economically sistors can be classified, after 
minded by necessity, I some experience in using this 
have often purchased un- simple tester, into small or 
marked, untested semicon- large signal, low or high 
doctors at really bargain voltage, oscillators, ampli- 
prices. This practice has fiers, switching, high or low 
necessitated the construction leakage, etc. It also indicates 
of special test equipment. an open or short which makes 
One such piece of test it useful for a continuity 
equipment was designed to tester, 
test TTLs. This TTL tester is A built-in calibration 
an expanded version of a very source can be added with the 
simple diode tester. The sim- addition of one or more zener 
plicity of this diode tester diodes and switches. See Fig. 
should not be allowed to 2. 

downgrade its usefulness. See The TTL tester is this 
Fig. 1. same basic diode tester with a 

Using this diode tester, the few more components and a 
breakdown or zener voltage 5 V source (Fig. 3). Any 5 V 
of a diode or transistor can be dc power supply can be used 
quickly determined. Tran- but should be protected from 



.IL © © .©.,. 


overload by a fuse or current scope adjusted as in Fig. 5a. 
limited output because of a Use an educated guess or flip 
TTL short or human error, a coin to choose a TP that 
Phone tip jacks are used for would ordinarily be ground, 
test points, with external test such as TP4 or TP7. Say, for 
connections being made by example, that we choose TP7. 
jumper wires with phone tips. 

See Fig. 4. 

Operation 

For an unknown TTL, 
place the TTL into the test 
socket and turn power on. 

The vertical probe is inserted 
into the CAL TP and the Fig. 2. 




Fig. 1. 


Fig. 3. 






Fig. 4. 

A jumper would then be 
placed from a ground TP to 
TP7. The vertical probe is 
then moved to each TP, TP1 
through TP14. The display on 
the scope (Fig. 6a) may be 
similar to any figure of Fig. 5, 
but we are looking for one 
that is decidedly different, or 
the oddball. Say in our 
example we have only one 
that looks like Fig. 5h on 
TP14. It would appear that 
we have made a wise choice 
of TP7 for our ground 
because + and - are usually on 
14 and 7 as one combination 
for TTLs. Reasonably sure 
that TP7 is our ground, we 
once again take the vertical 
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Fig. 5. 


probe through TPI to TPM 


with a ground on TP7. A 
record (mental if you like) 
can be made of each TP test 
as in Fig. 6. Connect +5 V to 
TP14 with a jumper. This will 
operate all gates, etc. Check 
each test point again with the 
vertical probe. A change of 
state will be noted as in Fig. 
6b. In our example, a change 
of state occurred at test 
points 3, 6, 11 and 8 for a 
total of four changes; thus we 
may have a quad device. Next 
we monitor the points of 
change using the vertical 
probe. The first in this 
example is TP3. 

A single jumper lead from 
ground is moved to each test 
point of no change. In our 
example, the ground jumper 
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Fig. 6. 


lead of TPI changes the state 
of TP3. See Fig. 6c. Re¬ 
moving the lead from TPI 
restores the state of TP3. 
Placing the jumper of TP2 
changes the state of TP3, etc. 
(Fig. 6c). Moving on to TP4, 
5, 13, 12, 10, 9, we note no 
change on TP3. In our 
example, we find the same 
relationship between TP4, 5, 



Fig. 7. 


6 and TPI 3, 12, 11 and 
TP10, 9, 8. The example was 
a 7400 TTL (Fig. 7) which is 
a quad 2 input NAND gate 
TTL. A study of several 
known TTLs will give you the 
experience necessary to use 
this simple tester. The num¬ 
ber and type of jumpers will 
of course depend upon the 
TTL under test. The 7451 
TTL for instance requires two 
jumpers. 

In the end we will know 
what the circuit is and its 
maximum breakdown voltage 
(Figs. 5b, c, d, g) as well as 
whether it is an open collec¬ 
tor (Fig. 5d) or if the circuit 
is open or shorted (Figs. 5e, 
h) and most importantly, 
whether it is working 
properly. ■ 


8080 Micro^) 
PROCESSOR! 
Board $13995} 

This board is 5”x15” - the same size as an ■ 

Altair 8800 or IMSAI front panel. Add it to | 
your machine, and you upgrade both the front m 
panel and CPU board. Or build your own com- ■ 
puter system around it, using Altair/IMSAI 5 
I compatible peripherals. H 


This kit contains some of the most advanced low power 
Schottky devices available and the CPU meets 8080A e- 
lectrical specs. A 12 key keyboard and ten 7 segment 
displays make for easy program loading and debugging. 
Outputs to the data buss drive 30 TTL loads; inputs 
are buffered by LP Schottky or PNP input TTL devices. 
Perhaps most important of all, the board contains 256 
bytes of ROM and 256 bytes of RAM to implement the 
Front Panel Program. You may start, stop, or step 
any program running in external memory. While halted 
memory locations and registers may be written into or 
altered. On board regulators accept the three stan¬ 
dard voltages present in Altair/IMSAI computers, or 
add your own supply for stand -—- 


I and other products? Request 
our flyer. ORDERS: We accept 
8AC*and Mastercharget and pay 
postage. Cal add tax. No COD. 




# The Original 8K Low Power Static Memory Kit\ 
Still at the Low Price of ‘285. 


8K LOW POWER RAM KIT: 8KLST $285.00 
4K LOW POWER RAM KIT: 4KLST $159.00 
4K EXPANSION FOR 4KLST:4KXST $139.00 


WRITE TO DA VE (K6LKL) at 
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Dan Stogdill VE3DWC 

182 Victoria Street 

St, Marys, Ontario NOM 2VO 


How to Check 
Memory Boards 

- - use this simple program 


W hile the computer 
hobbyist faces many 
trials and tribulations during 
his quest to get his fabulous 
(and complex) new toy “up 
and running,” one of the 
most frustrating problems 
that he can encounter in¬ 
volves debugging a trouble¬ 
some memory board. This 
article describes a simple 
memory diagnostic program, 
and illustrates its use in track- 
ing down problems in 
memory. While not a "cure- 
all" for all memory related 
problems, especially those 
that render the complete 
board inoperable, it will allow 
the hobbyist to “exorcise” 
those gremlins responsible for 
such irritations as memory 
locations which refuse to 
store the exact data which 


you load into them, and 
addresses which appear to 
change their contents as 
though they had a mind of 
their own. 

The two problems which 
are presented for illustrative 
purposes are real-life “bugs” 
which cropped up following 
the recent assembly of two 
4K memory boards. Note 
that the program and asso¬ 
ciated debugging technique 
which evolved were 
developed for an Altair 8800 
(but should be applicable, 
with appropriate modifica¬ 
tions, to other systems). 

At this point, a few words 
concerning the memory diag¬ 
nostic program (Table 1) are 
in order. (Ignore those parts 
of the program in paren¬ 


theses, for the time being.) 
The program, as presented, 
resides on page 2, address 
000-041 (octal). This address 
was chosen because I already 
had a simple “MONITOR” 
residing on pages 0 and 1, and 
I was certain that page 2 had 
no “bugs,” due to the fact 
that other small programs 
which resided there from 
time to time performed their 
appointed duties without 
difficulty. The program can 
be placed on any other page 
(change memory references 
accordingly), assuming that 
you are certain that the 
chosen page has no “bugs” 
which would interfere with 
the program’s operation. 
Needless to say, the program 
can be placed on a correctly 
operating board, and used to 


debug all 4K of other appro¬ 
priately addressed boards. 
The only restriction con¬ 
cerning placement of the pro¬ 
gram is that the page(s) to be 
tested must be different from 
that page on which the pro¬ 
gram resides ... hence, my 
choice of page 2. 

The program also assumes 
that you have an octal con¬ 
version and print subroutine 
(“OCTOUT”) which it can 
call. Since this is generally a 
part of most monitors, it is 
not included here. 

Operation of the program 
is straightforward. The pro¬ 
gram loads the value of an 
address, as data, into that 
address. For example, address 
000 contains data 000, 
address 001 contains 001, 
etc. Then the computer com¬ 
pares the contents of the 
address with the numerical 
value of the address; if they 
differ, the program will print 
out the address and its incor¬ 
rect contents. Since this 
method is not infallible, those 
parts of the program in paren¬ 
theses are utilized to load and 
compare specific patterns of 
data in memory, if necessary. 
To employ this modification, 
simply substitute the parts of 
the program in parentheses 
for the existing parts. The 


0 i 
0 0 
00 
0 0 


(2000-3777 octal) 

EH i 
0 0 
0 1 
0 0 


(4000-5777 octal) 

ED GO 
S 1 
0 0 
0 0 


(6000-7777 octal) 

HI 0 
0 0 
0 0 
0 0 


id IV 


Fig. 7. 4K memory segment of 2102s. 



need for the modified pro¬ 
gram will be made clear in 
due course. 

Some Basics 

Before proceeding further, 
a general discussion of a 4K 
memory board is in order. 
These boards usually employ 
2102s or a reasonable facsi¬ 
mile thereof, and have the 
chips arranged in 4 banks of 8 
chips each (see Fig. 1). The 
particular bank chosen is a 
function of a two-to-four 
decoder, which decodes 
address lines 10 and 11. Fig. 
2 is a schematic and truth 
table of a typical circuit. 

The active output of the 
decoder circuit pulls down 
the eight pin 13s of the 
particular bank of 2102s 
being addressed, thus 
enabling that particular bank. 

Table 2 illustrates the 
address decoding with regard 
to each bank and the asso¬ 
ciated 256 word pages 
therein. The particular page 
in a bank is a function of the 
state of address lines A8 and 
A9. Remember, to activate a 
given page or address, the 
appropriate address pins on 
the chip are pulled down. 

Each chip within a bank 
corresponds to a particular 
bit, 0-7. 

Case 1 

Symptoms .. . program 
data loaded into pages 6 and 
7 was full of errors when 
dumped. Testing of pages 6 
and 7 with the unmodified 
program produced the results 
illustrated in Table 3. Since 
errors resided in pages 6 and 
7, we can localize the diffi¬ 
culty to bank 1 (refer to 
Table 2). Notice that the con¬ 
tents of the addresses which 
contain errors are augmented 


DEBUG 


NEXT 


AGAIN 


CONTIN 


DUMP 


002-000 
002-001 
002-002 
002-003 
002-004 
002-005 
002-006 
002-007 
002-010 
002-011 
002-012 
002-013 
002-014 
002-015 
002-016 
002-017 
002-020 
002-021 
002-022 
002-023 
002-024 
002-025 
002-026 
002-027 
002-030 
002-031 
002-032 
002-033 
002-034 
002-035 
002-036 
002-037 
002-040 
002-041 


046 

XXX 

056 MV 
000 

000 (006) 
000 (YYY) 
165 (160) 

054 
302 
006 
002 
176 

275 (276) 

302 

027 

002 

054 

302 
013 
002 

303 
000 
002 
117 
315 
237 
000 
115 
315 
237 
000 
303 
020 
002 


MV I H 

Page to tested 
MVI L 

NOP (MVI B) 

NOP (RAND NUM) 

MOVM.L (MOV M,B) 

INR L 

JNZ 

NEXT 

MOV A,M 
CMP L (CMP B) 

JNZ 

DUMP 

INR L 

JNZ 

AGAIN 

JMP 

DEBUG 

MOV C,A 

CALL 

OCTOUT 

MOV C.L 

CALL 

OCTOUT 

JMP 

CONTIN 




Compare routine 
(& jump to "dump" 
if error found) 


Continue comparisons 
Execute program 


& 


Continue comparisons 


Table 1. Memory diagnostic program. 


by 004. This points to a 
problem with bit 2 (chip C) 
in block 1. The fact that the 
problem showed up only on 
pages 6 and 7 seems to indi¬ 
cate that whenever address 
bit A9 was active, chip C on 
bank 1 contained a 1 ... 
producing the 004. Perhaps 
an internal short in that chip. 
Substitution of the identified 
chip corrected the problem. 

Case 2 

Symptoms ... interaction 
between pages 4 and 5; 
specifically, data entered into 
page 4 changed some ... only 
some ... data in page 5. 
Initial use of the memory 
diagnostic program as in case 
1 indicated no errors, 


Fig. 2. Typical decoder circuit (and truth table) for decoding 
address tines AW and, A11 to choose the appropriate bank of 
2102s. 


although it was known that 
the pages were interacting. At 
this point, pages 4, 5, 6 and 7 
were loaded with 000 using 
the modified memory diag¬ 
nostic. An octal dump of 
these pages indicated that all 
were zeroed. The next step 
consisted of loading the 
pattern of 144 into page 4. 
The memory diagnostic and 
octal dump confirmed that 
page 4 contained all 144s. 
However, an octal dump of 
page 5 revealed that, although 
it had not been reloaded, it 
now contained 040s (i.e., bit 
5 was always set). Since it is 



page 5, our problem resides in 
bank 1 (refer to Table 2), and 
because it is 040, the problem 
is associated with chip F in 
bank 1 (see Fig. 3). Now, 
since the error popped up on 
page 5 although page 4 was 
the one being addressed, it 


Address Lines - 
Decimal Weight - 


Bank 0 
Bank 1 
Bank 2 
Bank 3 



A9 A8 A7 A6 A5 

512 256 128 64 32 


0 - 1023i o - pages 0-38 
1024 - 2047io- pages 4-78 
2048 - 307110- pages 10-13 8 
3072 - 40951 o - pages 14-178 


A4 A3 

16 8 


115 


2 


Table 2. Address decoding with regard to bank and page selection. 




would suggest that A8 on 
chip F in bank 1 was going 
low (remember A8 and A9 
determine the particular page 
in a bank that is being 
addressed). Manual addressing 


001 005 011 015 

002 006 012 016 

003 007 013 017 

Table 3. Typical readout 
from "DEBUG," illustrating 
address and errors (partial) of 
Case 7. 


of page 4 from the display/ 
control board and activation 
of the examine switch, 
indeed, showed that A8 on 
chip F in bank 1 was low. 
The corresponding pins of 
other chips in this bank were 
high. It turned out to be a 
case of the pin not making 
contact in the socket. Re¬ 
moval of the chip revealed 
that pin A8 had been bent 
underneath upon insertion. 
Straightening the pin and 
reinserting the chip (with 
care) corrected the problem. 


Conclusion 

The above procedure is 
relatively straightforward and 
best of all does not require 
any sophisticated equipment. 
In fact, you already possess 
the two most important 
pieces — the computer itself 
and “ham ingenuity." 

The program also is rela¬ 
tively simple as memory diag¬ 
nostic programs go. I would 
recommend that a number of 
patterns be tried with the 
modified program to ensure 
that all possible bits and con¬ 


sequently all possible chips in 
a bank be tested. Embellish¬ 
ments such as these could be 
built into the program by the 
software connoisseurs among 
us. Space doesn’t permit 
elaborating upon other 
possible sources of memory 
problems. However, the tech¬ 
nique of isolating the bank, 
the chip, and the appropriate 
pins has been presented and, 
hopefully, will be of value 
when a memory problem 
occurs. Happy trouble¬ 
shooting. ■ 
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F. Barry McWilliams W2HBY 
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Wappingers Falls NY 12590 


The New Ham Programmer 


-- making those confounded uPs work 


C an today’s amateur 
radio operators program 
one of the microprocessor 
systems that are so much in 
vogue? Are these micro¬ 
processor systems worth any¬ 
thing to today’s amateur? 
This article is about computer 
programming. There are a 
number of fundamental con¬ 
cepts involved in program¬ 
ming today’s computers; 
these fundamental concepts 
apply to the under-fifty- 
dollar microprocessor, to an 
IBM 370 and to just about 
everything in between. The 
concepts behind program¬ 
ming a computer are really 
very simple, and the amateur 
radio operator is already 
familiar with the basic ideas. 
In order to clarify the con¬ 
cepts and relate them to ideas 
with which we are familiar, 
this article will go through an 
exercise examining a typical 
ham radio contest summary 
sheet, with the goal of finally 
writing a computer program 
which will calculate the con¬ 
testant’s score. 

In the 1st Annual Hypo¬ 
thetical Contest, your score is 
determined by multiplying 
your total number of QSOs 
by one (I) if your power 
input is greater than 100 
Watts, or by two (2) if your 
power input is less than or 
equal to 100 Watts. 


For this contest, the sum¬ 
mary sheet shown in Table 1 
has been provided to simplify 
the contestant’s scoring. 

This summary sheet illus¬ 
trates some of the important 
concepts of computer pro¬ 
gramming. Though not really 
a concept, the first observa¬ 
tion which must be made is 
that the summary sheet is 
easy to follow, simple-minded 
and somewhat tedious. 

A computer operates 
under the control of a stored 
program; in this example, the 
summary sheet presented is 
analogous to the stored pro¬ 
gram which controls the com¬ 
puter. The CPU (Central 
Processing Unit) interprets 
the program instructions just 
as our hypothetical con¬ 
testant reads and interprets 
the instructions on the sum¬ 
mary sheet. In a computer, 
both the program and data 
are stored in a memory; the 
summary sheet is the memory 
upon which the printer has 
stored the program, and the 
contestant stores his data 
within the boxes provided. 
The contest summary sheet 
analogy illustrates one more 
important concept upon 
which the usefulness of 
modern computers is built: 
transfer of control based 
upon a logical operation (as 


illustrated in line 2 of the 
summary sheet). On this line, 
the contestant’s power input 
(a previous calculation) is 
compared with 100 Watts, 
the contest rule for deter¬ 
mining the QSO multiplier. 
Based on this comparison, the 
contestant is directed to go to 
either line 5 or, by implica¬ 
tion, to continue to the next 
sequential line. As a general 
rule, the organization of 
CPUs is such that the pro¬ 
gram is executed one step at a 
time, sequentially, in the 
order in which the instruc¬ 
tions appear, until a transfer 
of control operation is 
encountered (the “go to” on 
line 2), which changes the 
order in which the instruc¬ 
tions are executed. 

Flow Charts 

A flow chart is a graphical 
method of describing a 
process. The process we are 
concerned with is program¬ 
ming a computer, and a flow 
chart can be used as an aid in 
the design and documenta¬ 
tion of computer programs. 
There are a number of 
standard flow charting 
symbols which are universally 
understood in the computer 
programming community. 
Since this article is not meant 
to be a course in flow 
charting, I will introduce just 


two flow charting symbols 
(Fig. I) and present a flow 
chart (Fig. 2) which describes 
the process of calculating the 
score for the Annual Hypo¬ 
thetical Contest. 

The flow chart in Fig. 2 is 
one of many possible repre¬ 
sentations of the summary 
sheet process. In this chart we 
see the introduction of the 
idea that the variables in the 
calculation can be given 
names: POWER, 

PLATE. VOLTS, 
PLATE.CURRENT, SCORE 
and QSOs. The names chosen 
have some meaning to the 
reader who has followed 
through the contest scoring 
example. Quite a few details 
have intentionally been left 
out of the flow chart; the 
flow chart is designed to give 
an overall idea of what is to 
be accomplished. It is worth¬ 
while to note at this point 
that we could just as well 
have started with the flow 
chart and evolved the sum¬ 
mary sheet as an implementa¬ 
tion of the process described 
by the flow chart. With 
reference to our summary 
sheet, the value PLATE.CUR¬ 
RENT is entered in the box 
on line b, the value of 
SCORE is entered in the box 
on line 10, etc. On the sum¬ 
mary sheet, the instruction 
on line 2 is the implementa¬ 
tion of the decision block in 
the flow chart. 

Before we can consider 
how the Hypothetical Con¬ 
test summary sheet calcula¬ 
tions can be done with a 
program in a computer, we 
must take a few minutes to 
describe the computer itself. 
For this discussion, the 
INTEL 8080 will be our CPU. 
The INTEL 8080 is probably 
the most popular of the 8-bit 
microprocessors; however, 
the programming ideas 
presented here apply gen- 

Th'e INTEL 8080 is a very 
simple device; it can add, 
subtract, make logical com¬ 
parisons and transfer control. 
The 8080 has seven 8-bit 
registers, a 16-bit stack 



1. Calculate your final input POWER 
(see lines a-c) 

2. If your POWER is less than or equal to 100 go 
to line 5 

3. Take the number of QSOs (I ine 9) and put this 
number in SCORE (line 10) 

4. STOP 

5. Take the number of QSOs (line 9) 

6. Multiply the number of QSOs by two 

7. Enter the product in SCORE (line 10) 

8. STOP 

9. Number of QSOs 

10. SCORE 

Power Calculation: 

a. Multiply the PLATE CURRENT (entered in line b) 
by the PLATE VOLTAGE (entered in linec). re¬ 
turn to the next line in the Summary Sheet 

b. PLATE CURRENT 

c. PLATE VOLTAGE 

Table 1. First Annual Hypothetical Contest summary sheet. 


pointer and a 16-bit program 
counter, The stack pointer, 
though very important to 
making full use of the power 
of the 8080, will not be 
discussed here. The program 
counter is quite simply a 
pointer to the instruction to 
be executed. Relating to the 
summary sheet example, the 
program counter may be 
thought of as your index 
finger pointing to each line of 
the instructions as you read 
the line. Before our program 
is started, the program 
counter register must be 
initialized to point to the first 
instruction in the program; 
from then on, the program 
counter will automatically go 
through each instruction of 
the program as it is executed. 

The seven 8-bit registers 
are named A, B, C, D, E, H 
and L. The A register is also 
called the accumulator and is 
used in the arithmetic opera¬ 
tions such as addition and 
subtraction; typically, num¬ 
bers in other registers are 
added to or subtracted from 
what is in the accumulator 
with the result being left in 


the accumulator. The other 
registers have various uses; in 
our program we will use only 
the B and C registers. All of 
the registers may be used to 
save results of computations. 
Since most computations 
change the A register, it is 
convenient to be able to save 
results in other registers 
which may be referred to in 
subsequent steps of the pro¬ 
gram; in our program, we will 
use the C register to save the 
result of the POWER calcula- 

An instruction for the 
8080 is made up of an opera¬ 
tion code (OP code) and an 
operands For example, an 
addition instruction would be 
coded for the 8080 as ADD 
C. The OP code is ADD and 
the operand is C. From 
INTEL’S documentation we 
find that the instruction ADD 
€ adds the contents of the C 
register to the contents of the 
accumulator and leaves the 
result in the accumulator. 
Generally, the operand can be 
either a register or a storage 
location; the instruction, 
LDA 0400, loads the con¬ 


tents of storage location 0400 
into the accumulator. 

The 8080 program used to 
compute contest scores is 
shown in Table 2. The left- 
hand column is the address 
(in hexadecimal) where each 
instruction or variable is 
stored in the computer's 
memory. The second column 
from the left shows the con¬ 
tents of each memory loca¬ 
tion in hexadecimal. In the 
case of instructions, the 
content of the memory loca¬ 
tion is the operation code 
which the CPU decodes to 
determine what instruction is 
to be executed. You may 
notice that the memory 
addresses in the left-hand 
. column seem to increment in 
some random manner. The 
reason for this strange pro¬ 
gression of address locations 
is that instructions for the 
8080 occupy from one to 
three storage locations. The 
very first instruction in the 
MAIN PROGRAM starts at 
memory location 0100. This 
instruction is a CALL instruc¬ 
tion which transfers control 
to a subroutine; the operation 
code for this instruction is 
"CD” and the starting address 
of the subroutine is location 
0250. A pair of hexadecimal 
digits occupy one storage 
location, so the operation 
code "CD” occupies location 
0100 and the address 0250 
occupies locations 0101 and 
0102. 1 The next instruction, 
MOV C,A, will therefore start 
in the next available location, 
namely 0103. 

The third column from the 
left lists the computer 
instruction in a more readable 


£ 

Process Block — This 
block describes a pro¬ 
cess or operation such 
ad addition, multiplica¬ 
tion or the like. The 
process flow is thought 
of as entering the top 
of the block and: leaving 
the bottom. 

Decision Block — 
This block describes a 
decision (such as "is 
something greater than 
something else") which 
is made in the process. 
The process flow is 
thought of as entering 
the top of the block; a 
decision is made within 
the block which deter¬ 
mines from which of 
the output legs the pro¬ 
cess will continue. 

r6. 

Fig. 1. 


way than the hexadecimal 
notation in the second 
column. MOV is a move 
instruction, LDA is load the 
accumulator, STA is store the 
accumulator, etc. In truth, 
this program was written as 
seen in column three and 
subsequently translated into 
the machine instruction codes 
shown in column two. 

The fourth column con¬ 
tains comments about the 
program and indicates the use 







MAIN PROGRAM: 

0100 CD 0250 

0103 4F 

0104 3A 0207 

0107 91 

0108 FA 0113 

01 OB 3A 0209 

01OE 87 

010F 32 0208 

0112 76 

0113 3A 0209 

0116 32 0208 

0119 76 

DATA AREA: 

0201 00 

0202 00 

0207 64 

0208 00 

0209 00 

POWER SUBROUTINE: 

LDA 0201 
MOV C,A 
LDA 0202 
MOV B,A 
LDA 0201 
DCR B 

RZ 

ADD C 

JMP 025B 

Table 2. 
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0250 3A 0201 
0253 4F 
0254 3A 0202 
0257 47 

0258 3A 0201 
025B 05 

025C C8 
025D 81 

025 E C3 025B 


CALL 0250 
MOV C,A 
LDA 0207 

SUB C 
JM pi 13 

LDA 0209 
ADD A 

STA 0208 

HALT 
LDA 0209 
STA 0208 

HALT 


CALL SUBROUTINE TO CALCULATE POWER 
MOVE POWER FROM A REG TO C REG 

GET THE VALUE 100 (THE VALUE 100 IS STORED 
IN LOCATION 0207) 

100 (IN REG A) - POWER (IN REG C) 

JUMP ON MINUS TO 0113 

JUMP IF POWER GREATER THAN 100 

GET #OSOs IN REG A FROM LOCATION 0209 

MULTIPLY BY 2 BY ADDING THE #QSOs IN 
REG A TO ITSELF 

STORE RESULT IN 0208 WHICH HAS BEEN 
ALLOCATED TO SAVE THE SCORE 


GET#QSOs IN REG A FROM LOCATION 0209 

STORE IN LOCATION 0208WHICH HAS BEEN 
SET ASIDE TO SAVE THE SCOR E 


CURRENT (TO BE FILLED IN WITH CONTESTANT’S 
PLATE CURRENT) 

VOLTAGE (TO BE FILLED IN WITH CONTESTANT'S 
PLATE VOLTAGE) 

100 DECIMAL 

SCORE CALCULATED BY PROGRAM 

#OSOs (TO BE FILLED IN WITH CONTESTANT'S 
NUMBER OF QSOs) 


GET CURRENT 

PUT CURRENT IN REG C 

GET VOLTAGE 

PUT VOLTAGE IN REG B 

GET CURRENT 

DECREMENT REG B (REG B STARTED OUT WITH 
THE VOLTAGE WHICH WILL BE THE NUMBER OF 
TIMES CURRENT WILL BE ADDED TO ITSELF 
TO FORM THE PRODUCT CURRENT*VOLTAGE ) 

RETURN IF ZERO.. . DONE 

ADD THE CURRENT IN REG CTO THE SUM 
BEING ACCUMULATED IN REG A 

GO TO LOCATION 025B 

NOTE: THE PRODUCT CURRENT * VOLTAGE 
IS FORMED BY ADDING CURRENT TO ITSELF 
VOLTAGE TIMES. FOR EXAMPLE. IF THE 
VOLTAGE IS 5 AND THE CURRENT IS 3. THE 
PRODUCT CURRENT * VOLTAGE = 3+3+3+3+3 = 15 

NOTE: THE RESULT IS RETURNED TO THE 
MAIN PROGRAM IN THE A REGISTER 


of storage locations in the 
data area of the program 
(locations 0200 - 0209). 

NOTE: The values used in 
this program are decimal. In 
reality, the values stored in 
memory would be in hexa¬ 
decimal or octal. A conver¬ 
sion routine and an output 
routine would be necessary if 
it were desired to output 
these numbers in decimal to a 
TTY or TVT. Therefore, the 
decimal values are used for 
simplicity. 

The computer program is 
just about as straightforward 
as possible, but it is worth the 
time to go through each 
instruction examining what 
each does and why it is there. 

The first instruction in the 
main program is a call to a 
subroutine. A subroutine is 
simply another part of the 
total program which does 
some function; in this case, 
the subroutine calculates the 
power of the contestant and 
saves the result in the accu¬ 
mulator (A register) of the 
computer. The call instruc¬ 
tion essentially transfers the 
execution of the program to a 
specified location in the com¬ 
puter memory; in this pro¬ 
gram, the subroutine to calcu¬ 
late power is at memory loca¬ 
tion 0250. When we get into 
the discussion of the power 
subroutine we can consider 
the calculations in more 
detail; at this point it is 
sufficient to note that the 
CALL 0250 will do the 
desired calculation and con¬ 
tinue on to the next instruc¬ 
tion. The idea behind the 
notion of subroutines is 
similar to the first instruction 
on the summary sheet. The 
precise instructions for calcu¬ 
lating power are not part of 
the summary sheet; rather, 
these instructions are set 
apart in lines a-c just as the 
instructions for calculating 
power in the computer pro¬ 
gram are set aside at memory 
locations 0250 through 0260. 

Having calculated the con¬ 
testant’s power, the next 
thing which must be done is 
to check whether the con- 



testant's power is greater than 
one hundred Watts in 
order to determine the multi¬ 
plier; the three instructions 
starting at location 0103 do 
just this. First, the power 
calculated by the subroutine 
is moved to register C for 
safekeeping (MOV C,A); then 
the accumulator is loaded 
from storage location 0207. 
Since location 0207 was set 
up to contain the number 
100 decimal (64 in hexa¬ 
decimal), the accumulator 
now has 100 in it; SUB C 
subtracts the contents of the 
C register from the contents 
of the accumulator. Recalling 
that register C contains the 
contestant’s power, the 
accumulator, after the SUB C 
instruction, contains 
100-POWER. Notice that if 
the power is greater than 100 
Watts, the above calculation 
will result in a minus number. 
The instruction JM 0115 at 
location 0108 completes the 
test on the contestant’s 
power; this Jump-on-minus 
instruction (JM) will jump 
(transfer control) to location 
0115 if the previous subtrac¬ 
tion resulted in a minus 
number. The Jump-on-minus 
instruction is an implementa¬ 
tion of the transfer of control 
from the decision block in 
our flow chart; just as the 
decision block had two differ¬ 
ent exit paths depending 
upon the results of the 
decision, the JM instruction 
controls the flow of the pro¬ 
gram: either to the next 
sequential location (010B) if 
not minus, or to location 
0115 if minus. 

If the contestant’s power 
was less than or equal to 100, 
the next instruction executed 
is the LDA 0209 at location 
010B. This instruction loads 
the accumulator with the 
contents of location 0209. 
Location 0209 is set aside to 
hold the number of QSOs, so 
the accumulator will be 
loaded with the number of 
QSOs that our contestant had 
during the contest. Since we 
are now considering the case 
where the final score is deter- 


Statement 

Number 

10 

20 

30 

40 


45 

50 

60 

99 


Command 
(Instruction) 
INPUTP 


INPUT Q 

IF P = >100 GOTO 50 


PRINT "SCORE= "Q 


GOTO 99 
Let S = 2 * Q 

PRINT "SCORE=" S 


Comment 

Input power (P) value from TTY or TVT 
input number of QSOs (Q) from TTY or TVT 
Decision statement regarding power (100 
Watts or greater?) 

If the value for Q (#of QSOs) were 1,632 
(decimal, mind you), the printout on the 
TTY or TVT would be: 

SCORE » 1,632 
Go to end of program 
Calculate score (S) if power less than 100 
Watts (2 times Ql 

Printout of score (same as in statement 
number 40) 


END 


End of program 


Table 3. 


mined by doubling the QSO 
count, we can accomplish the 
desired doubling by simply 
adding the accumulator 
(number of QSOs) to itself; 
ADD A adds the contents of 
the accumulator to the con¬ 
tents of the accumulator, 
effectively multiplying the 
contents of the accumulator 
by two. Finally, the con¬ 
testant’s score is saved in 
memory location 0208 which 
has been set aside to save the 
SCORE; STA 0208 stores the 
contents of the accumulator 
in storage location 0208. 

Remember the JM instruc¬ 
tion at 0108? This instruction 
transferred control to loca¬ 
tion 0115 if the power was 
greater than 100. Now we 
must consider what must be 
coded for the computer to 
execute at location 0115. In 
this case, the power was 
greater than 100; all we want 
to do is take the number of 
QSOs as the SCORE. LDA 
0209 loads the accumulator 
from the location set aside 
for the contestant’s QSO 
total, and STA 0208 stores 
the contents of the accumu¬ 
lator in the storage location 
set aside for the SCORE. 

The calculation of the 
contestant’s power is done by 
the subroutine at storage 
location 0250. The INTEL 
microprocessor does not have 
a multiply instruction, so 
another approach must be 
taken by the programmer 
who wants to perform the 


calculation, POWER = 
CU R RENT* VOLT AGE. 
Multiplication may be 
thought of as the summation 
of the multiplicand, with the 
multiplier specifying the 
number of times it is to be 
summed. For example, to 
multiply 10 by 6 we can add 
10 together 6 times: 10*6 = 
10 + 10 + 10 + 10 + 10+10 
= 60. We shall use this 
approach to multiply current 
by voltage to get the power. 
Register B will be loaded with 
the value of the voltage, and 
every time we add the current 
to the sum being accumulated 
in register A, we shall also 
decrement register B. When 
register B becomes zero, we 
have added the current 
together voltage times. 

Rather than going through 
each instruction a$i$re did in 
the main program, let us look 
at the new instructions intro¬ 
duced in the subroutine code. 
MOV B,A moves the contents 
of the A register into the B 
register; since the A register 
had just been loaded with the 
voltage, MOV B,A moves the 
voltage into the B register. As 
mentioned above, the B 
register will be decremented 
each time the current is 
added to the A register; DCR 
B does just this. 

The return instruction, RZ 
at location 025C, transfers 
control to the storage loca¬ 
tion immediately following 
the CALL instruction in the 
main program when register B 


is decremented to zero. 
Special hardware in the CPU 
keeps track of where the 
CALL instruction was exe¬ 
cuted so that the return 
instruction can return to the 
instruction which follows the 
call. With this call and return 
facility, it is possible to call 
the power calculation sub¬ 
routine from any other pro¬ 
gram which may , want to 
make such a calculation. 
Admittedly, this subroutine is 
not very sophisticated, but 
envision the possibility of 
writing m'Sre; sophisticated 
subrouting!, &hich calculate 
logaritnnm trigonometric 
fuhctions; ; |i:c. Once such sub¬ 
routines Kave been written 
once, other programs can 
take advantage of them by 
simply calling them. Many 
higher level languages such as 
FORTRAN are implemented 
with a library of subroutines; 
a FORTRAN statement such 
as A = SQRT(47.667) is exe¬ 
cuted by calling a subroutine 
which calculates the square 
root of the arbitrary value 
47.667. 

By now you are surely 
convinced that computer pro¬ 
grammers must be a weird 
bunch to put up with such a 
dumb animal as the com¬ 
puter. The program so labori¬ 
ously presented will make the 
calculations required for the 
contest scoring problem, but 
it has some severe restric¬ 
tions. To point out just one 
of these, notice that one 
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storage location has been problems is the use of a 

allocated to save the con- higher level language. Several 

testant’s score. One storage references have been made to 

location is 8 bits in length; FORTRAN (which is a higher 

this allows our contestant to level language), but let’s take 

accumulate a total score of a look at how BASIC can 

only 255. This is, of course, a solve some of the above prob- 

limitation, but not one which lems. BASIC can also very 

can't be overcome. It involves easily take care of some of 

having another subroutine the problems mentioned 

which will receive the value earlier, such as hex-to- 

and convert it into a fixed or decimal, or octal-to-decimal 

floating point value occupy- conversion, and input and 

ing more than just a single output routines. For exam- 

storage location. A better pie, the BASIC program in 

way to get around all of these Table 3 will perform the same 


functions as our earlier pro- the machine, its operation, 
gram, and also take care of and architecture in order to 
the "problems." program it. This can certainly 

be more challenging at times 
It’s quite evident from and also allow you to do 

this program that BASIC is an some things you can’t with a 

easy language to use, and did higher level language such as 

a very satisfactory job of BASIC, 

solving the task (and in very 

few statements). The disad- Yes, today’s ham radio 
vantage (if you want to call it operator can program a 

that) is that we are now microprocessor. The real 

somewhat removed from the challenge lies in finding appli- 

machine. The previous cations which are well suited 

machine language program to the microprocessor’s capa- 

required that we get to know bilities. ■ 
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The ETK (Electronic Touch Keyer) 
processes inputs and sends perfect 
dots, dashes, and spaces at speeds of 7 
to 55 wpm. The LED indicators dis¬ 
playing dots, dashes, and spaces serve 
as a visual training aid for the less 
proficient CW operator. 17 IC’s, relay 
output, side tone speaker, 120 VAC. 
Inquiries invited. 

_ for only 145.00 

IjHU (includes instruction book) 

WhA Order direct from: 

U Rm P.O. Box 1125 

T\Wlihn Kpnt W^chinnfnn 


ECONOMY KITS 

SUPER-PONGTM TV GAME BY 
"VISULEX" (AS FEATURED IN JUNE 
76 RADIO ELECTRONICS) COM¬ 
PLETE KIT (P.S. & CASES) ..SI 50.00 
TVT-II W/2K MEM. CAPABILITY 

(TVT-III) .S114.75 

AUDIO CASSETTE INTER¬ 
FACE .$28.50 

MOTION DETECTOR (ULTRA¬ 
SONIC); ASSEMBLED.$18.75 

4K MEM. CARD (2102) FOR ALTAIR 
& IMSAI.S75.00 

MORE BARGAINS 

NSL 4944; AC/DC UNIV. LED . . S .95 

LM 3909 LED FLASHER .$ ,99 

PWR. XFORM, 115v PRI; 3EA SEC: 

9v. 2A; 15v, 2.7A; 20v, 

,7A; (4LB! .9.50 

MINI XFORM, PRI: 115v;SEC: 

7V, 1.5A (9 oz.) .1.25 

COMPUT. CAPS: 11,500 MFD, 

25WV: $.75; 12,000 MFD, 35WV .85 
SELF-GRIP MINI TEST PROD.50 

FREE CATALOG 
SEE OUR JULY AD 

ELECTRONIC DISCOUNT 
sales —^ 

138 N. 81 STREET 
MESA AZ 85207 


Only $59.95 
Assembled 
Tested M 


FINALLY - A CASSETTE INTERFACE THAT WORKS! 
The PerCom Cl-810 

• Easily connected to any computer • An 8-bit parallel interface 

• 'Kansas City' Standard • Load a Ik byte program in 40 seconds 

• Little or no software required • Easily upgraded to 218 byte/sec 

• Operate 2 tape units simultaneously • 18 page Instruction Manual 


4021 Windsor, Garland, Texas 75042 


PerCom — 'peripherals for personat computing' 













Rich Didday 
1218 Broadway 
Santa Cruz CA 95062 


The Soft Art 
of 

Programming 


- - getting started with BASIC 


Here are some interesting 
and worthwhile ideas for the 
beginning programmer, and 
some reminders (or review) 
for the experienced. — Ed. 

O kay. So my microcom¬ 
puter kit finally showed 
up in the mail, and I put it 
together. I watched the panel 
lights blink for a few days, 


then I had some friends over 
to look at it. They looked at 
me with sort of a funny smile 
and said, “But what are you 
going to do with it?” I 
grabbed for a copy of 73 and 
riffled through it searching 
frantically for Wayne's edi¬ 
torial, mumbling, “You 
know, anything you, uh .. 
but they were already out the 


MS 


C 

AS 


Type Use 

string name of magazine 

numeric number of issues per month 

numeric length of subscription in years 

numeric cost of subscription 

numeric per issue cost 

string answer to "any more" question. 
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door, smiling and saying they 
had to get back because 
“Mary Hartman, Mary Hart¬ 
man” was going to be on in a 
few hours. 

I knew it wasn’t my 
breath, and I was wearing a 
clean shirt. There was no way 
around it; I was going to have 
to learn how to program. 

Actually, programming a 
computer can be tremendous 
fun. Also tremendously 
rewarding and, let's face it, 
tremendously frustrating if 
you go about it wrong. In this 
article, I’m going to give some 
tips about learning to 
program, in the hopes of 
keeping you on the fun side 
instead of the hair pulling 


side. I'm not going to try to 
teach you to program that 
would take a whole book. 
No, I’m going to give you 
some things to try, suggest a 
few books that will be useful, 
outline some important ideas 
to keep in mind, and give 
some examples of how to 
write programs. You’ll get the 
most out of this if you read it 
again every so often as you 
get farther and farther into 
programming. Don't take 
anything I say as gospel try 
to prove me wrong! Above 
all, have a good time. 

Programming is like 
planning a task. The idea is to 
figure out how to express 
some overall action that you 
want the computer to do in 
terms of elementary building 
blocks, just as circuit design 
consists of putting together 
simple components to do a 
complex overall process. All 
the examples here assume 
that the building blocks are 
the legal statements and 
forms of BASIC, but the 
ideas apply to any computer 
language, including machine 
language. 

Let’s assume that you have 
enough hardware to run 8K 
Altair BASIC or the 
equivalent, and that you've 
been able to decipher the 
manuals well enough to get 
the BASIC system loaded 
into your machine. The first 
thing to do is learn what the 
basic building blocks are, and 
to start seeing how they can 
be fit together. 

Phase I: Building Blocks 

The key to learning to 
program is to keep having 
Sun. Keep tinkering! Start 
with a one or two line 
programs, say 

100 PRINT "GREETINGS!" 

200 END 
RUN 

(Remember to hit the 
“RETURN” key at the end 
of each line.) 

Keep RUNning it and 
adding in new statements to 
see what happens. 


Table I. 
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100 PRINT "GREETINGS!"; 

150 PRINT A 
200 END 
RUN 

(Look in your manual to 
find legal statements and to 
find what keys to hit to wipe 
out mistakes.) 

Every time you find 
something that works, keep 
playing around with it. 

100 PRINT "GREETINGS!"; 

120 LET A=1 
150 PRINT A 
200 END 

Loops are very important 
ways to get a short program 
to do a lot of work. Start 
writing some infinite loops 
like the one below and watch 
what happens. Of course, 
you’d better find out how to 
stop one “by hand” (in Altair 
BASIC and many others, 
holding down the 
“CONTROL" key and a “C” 
together will stop your 
program). 

100 PRINT "GREETINGS!”; 

120 LET A=1 
140 LET A=A+1 
150 PRINTA 

170 REM: GO BACK 

171 REM: FOREVER 
180 GO TO 140 

200 END 

(Notice how indenting the 
statements in the loop makes 
them stand out.) 

Write programs that fill up 
your screen or printout with 
crazy, wild patterns: 

10 PRINT "GARBAGE"; 

20 GO TO 10 
MEND 

Fairly soon you’ll get a 
feeling for how the basic 
units work and you’ll want to 
have more control over what 
your programs do and write 
bigger programs that do 
definite tasks. A good book 
will help a lot. 

Phase II: Book Learning 

Books written specifically 
for home computer users will 
be coming out soon — in the 
meantime, here are some that 
seem pretty good. 

My Computer Likes Me 


(When I Speak in BASIC) by 
the crew at the People’s 
Computer Company (also 
available from 73): a nice, 
mellow, friendly, encouraging 
but very brief introduction. If 
you're starting completely 
from scratch, begin here, then 
move on to a book that 
covers more material. 

BASIC by Samuel L. 
Marateck, Academic Press, 
1975: moves at a very patient 
pace, and has lots of 
examples. Unfortunately, a 
lot of the early examples are 
obviously just made up on 
the spur of the moment and 
don’t demonstrate how to use 
the statements in the context 
of meaningful problems. 
Recommended if you find 
that one of the other books 
goes too fast for you. 

BASIC by Michel Boillet 
and Lister Horn, West Publ. 
Co., 1976: moves a little 
faster, has nice question and 
answer sections, and has loads 
of good problems at the end 
of each chapter. Many of the 
problems and examples are 
business oriented 
(accounting, interest 
payments, etc.), so if that’s 
one of your interests, this 
may be the book for you. 

Computers: Their Impact 
and Use: Basic Languages by 
Robert Lynch and John Rice, 
Holt, Rinehart, and Winston, 
1975: The first half has a 
broad overview of computing 
— history, applications, 
future projections. The 
second half covers 
programming in BASIC, 
moves fairly rapidly, and 
includes quite a few nice, real 
world examples. 

BASIC Programming by 
John Kemeny and Thomas 
Kurtz, John Wiley, 1971: the 
“old standard" (Kemeny and 
Kurtz invented BASIC). The 
book moves quickly and may 
be hard to follow if your high 
school math is too rusty, but 
it has lots of really clever 
examples. If you can get 
through it, you’ll get a lot out 
of it. 

More are coming out all 
the time, so keep your eyes 


open for one that suits your 
needs. 

In using these books, there 
are three main problems. 
First, all except My 
Computer Likes Me are 
written for classroom use. 
This means that they have a 
fairly formal style (you have 
to get teachers to like it if 
you want to sell a textbook), 
and that they go fairly fast 
(they assume your teacher 
will explain what’s going on 
sometimes). If you take your 
time, try everything out on 
your home system as you go, 
and ask a friend for help 
when you get really stuck, 
you’ll be able to get loads of 


useful, fun ideas from any of 
them. Well worth the effort. 

Second, since there are no 
agreed upon standards for 
BASIC (they’re coming soon, 
thank grid!), you'll find that 
you have to translate some of 
the little details before 
programs in the book work 
on your system. Your manual 
will tell you what symbol to 
type to wipe out the last 
character, whether to type 
’’NEW” or "SCR” or 
whatever to start entering a 
new program, etc. Usually 
you’ll find that your system 
allows some statements and 
commands the book doesn't 
and vice versa. Fortunately, 
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10 REM:PROGRAM TO COMPARE VARIOUS SUBSCRIPTION 

11 REM DEALS. 

20 REM:GET MAGAZINE NAME, PUBLICATION RATE. 

30 PRINT "WHAT'S THE MAG"; 

40 INPUT MS 

50 PRINT "HOW MANY ISSUES PER MONTH"; 

60 INPUT I 

70 REM:NOW GET DETAILS OF SUBSCRIPTION DEAL. 

80 PRINT "HOW MANY YEARS IS SUBSCRIPTION FOR"; 

90 If PUT Y 

100 PRINT "AND HOW MUCH IS IT (IN DOLLARS)"; 

110 INPUT C 

120 REM:COMPUTE PER ISSUE COST (i?1SSUES=rY*121 
130 LET P-C/(I*Y*12) 

140 REM:OUTPUT THE COST PER ISSUE 
150 PRINT"" 

160 PRINT "THAT'S $"; P; "PER JUICY, FUN-PACKED ISSUE 
OF ";M$ 

170 PRINT"" 

180 PRINT"" 

190 REM:MORE? 

200 PRINT "WANT TO CHECK ANOTHER DEAL"; 

210 INPUT A$ 

220 IF A$="YES" THEN 80 

230 REM: DONE. MAKE A GRACEFUL EXIT. 

240 PRINT "THANKS A BUNCH ... SEE YOU LATER." 

250 END 
RUN 

WHAT'S THE MAG? 73 

HOW MANY ISSUES PER MONTH? 1 

HOW MANY YEARS IS SUBSCRIPTION FOR? 1 

AND HOW MUCH IS IT (IN DOLLARS)? 10 

THAT'S S .833333 PER JUICY, FUN-PACKED ISSUE OF 73 
WANT TO CHECK ANOTHER DEAL? YES 

HOW MANY YEARS IS SUBSCRIPTION FOR? 2 
AND HOW MUCH IS IT (IN DOLLARS)? 17 

THAT'S S .708333 PER JUICY, FUN-PACKED ISSUE OF 73 
WANT TO CHECK ANOTHER DEAL? YES 

HOW MANY YEARS IS SUBSCRIPTION FOR? 3 
AND HOW MUCH IS IT (IN DOLLARS)? 20 

THAT'S S .555556 PER JUICY, FUN-PACKED ISSUE OF 73 

WANT TO CHECK ANOTHER DEAL? NO 
THANKS A BUNCH ... SEE YOU LATER. 


Table 2. 


these are mainly advanced 
features and you’ll be in 
shape to figure them out 
yourself by the time you get 

to them. 

Third, the books 
concentrate more on specifics 
of BASIC than on the more 
general, problem-solving 
aspects of programming. That 
is, they treat a program as an 
end in itself, without much 
concern for the facts that 
when you write a program 
you're really going to use it, 
that you'll want it to be easy 
to debug (correct), easy to 
upgrade later, easy to use in 


conjunction with other 
programs, easy to share with 
other people, etc. All these 
things mean that it’s crucial 
to be able to write 
well-organized programs, 
programs that are easy for 
human beings to understand. 

Phase III; Structured 
Programming 

The ideas here will be 
more understandable after 
you’ve written a number of 
programs. The goal is to make 
your programs easier for 
humans (including yourself, 
of course) to understand by 


getting you to think about 
organizing them clearly right 
from the start. 

The general sequence of 
events in writing a program 
should be; 

1. Make a clear statement 
(in English) of the problem. 

2. Make a flowchart 
and/or write a verbal 
description showing the main 
subparts of the solution and 
how they fit together. 

3. Make a more detailed 
flowchart or verbal des¬ 
cription of each subpart. 

4. Once you’re sure what 
each subpart is to do, trans¬ 
late the flowcharts or 
descriptions into BASIC (or 
whatever language you're 
using this week), inserting 
your descriptions at the 
beginning of each subpart as 
comments (REMark state¬ 
ments). This aspect of the 
programming process is often 
called coding. Note the 
analogy with coding in radio 
work — you do want to be 
able to go from a verbal 
description (message) to 
BASIC (Morse) and back 
quickly and easily, but you 
don’t try to think in BASIC 
(Morse). 

5. Don’t be satisfied with 
your first version of a pro¬ 
gram. Make an extra effort to 
precede each INPUT or 
READ statement by a PRINT 
or REMark which tells 
exactly what the values will 
be used for. 

Make sure the flow of 
control is as easy to follow as 
possible. Indenting groups of 
statements makes them stand 
out in the listing, and makes 
it easier for people to identify 
important subparts of a 
program. 

Often you will find that 
rewriting a few statements to 
straighten out the flow of 
control will help. People 
usually find that GO TO 
statements break their 
concentration as they look at 
a program, so if you can find 
a clear way to redo part of 
your program so it uses fewer 
GO TOs, you’ll be better off. 
Here are two examples. The 


first versions do the same 
thing as the second ones, but 
seem easier to follow. See 
what you think. 

100 LET X=X+1 
110 IF X <= N THEN 50 


130 


100 IF X>= NTHEN 130 
110 LET X=X+1 
120 GO TO 50 


130 


100 REM: A=POSITIVE(X) 
110 LET A=X 
120 IF X >= 0 THEN 150 
130 LET A=0 


150 


100 REM: A=POSITIVE(X) 

110 IF X <0 THEN 140 

120 LET A=X 

130 GO TO 150 

140 LET A-0 

150 


The main idea is to be 
patient, and keep refining 
your program. You'll make 
fewer mistakes as you go, 
your program will be easier to 
modify, easier to use and 
easier to understand. 

You might think that 
these suggestions go over¬ 
board in asking for neatness 
and tidiness, that just sitting 
down at the old keyboard 
and bashing your program 
out would be faster and more 
fun. Try it! Keep track of 
how long you spend de¬ 
bugging a program compared 
to how long you spent 
designing it. Even when 
you’ve been very careful, 
you’ll probably find that 
more time goes into de¬ 
bugging. If your program was 
a real mess to begin with, you 
may even find that you can't 
debug it without doing the 
design phase over again! 

Now that we’ve got all 
those guidelines under our 
belts, let's follow through a 
simple example from start to 
finish. 




Problem Statement: 

Figure out the price per 
issue of a magazine for a 
number of different sub¬ 
scription offers. 

First refinement: 

Ask user for magazine 
name and number of issues 
per month. Deal: Ask for 
details of subscription. Figure 
out cost/issue, print answer. 
Ask if any more deals to be 
considered, if so, go to Deal; 
otherwise, stop. 

Second refinement: 


(In a program this small, 
one refinement is probably 
enough, but the more the 
merrier.) 

In a large program, it's 
easy to forget what you’re 
doing and use the same 
variable name for different 
purposes, sometimes with 
disastrous results. It’s a good 
idea to make a list of each 
variable, its type, and what 
you think you’re using it for 
(see Table 1). 

After I coded the 
flowchart in BASIC, entered 


it into my computer, 
corrected a few misspellings, 
LISTed it and ran it, what I 
got is shown in Table 2. 

You might find it fun to 
copy this program and 
modify it. Pul in another 
loop (driven by an appro¬ 
priate question to the user) 
which goes back to statement 
30 so rates for a different 
magazine can be checked. 
Add in wilder messages to the 
user. Flave fun! 

As your programs get 
bigger and bigger, the or¬ 


ganizational principles I 
mentioned become more and 
more important, and a 
number of other guidelines 
become useful. Also, since 
most of our home computers 
don’t have very much 
memory to spare, ways of 
saving space while leaving 
programs understandable 
become important. In Part 2 
we’ll see some of these ideas 
and we’ll go over the design 
and coding of a bigger pro¬ 
gram. Meanwhile, happy 
programming! ■ 
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T his magazine is loaded 
with ads for beautiful 
computers you can own for 
the price of a better trans¬ 
ceiver. Most have keyboards, 
CRTs, and tape and disk 
capabilities. These machines 
are truly computers. What 
you can do with them is 
limited only by your in¬ 
genuity. Computers can com¬ 
pute, and store and retrieve 
data. Tape and disk storage is 
extremely inexpensive, and 
you can keep mountains of 
information on your book¬ 
shelf. It would be a shame to 
pass up getting one of these 
computers just because you 
think you’ll never be able to 
program it. Most of these 
minis use the BASIC lan¬ 
guage, one of the easiest of all 
computer languages. My aim 
in this article is to show you 
how easy it is to program in 
BASIC, and to start you off, 
so that when your new com¬ 
puter arrives you’ll be able to 
make sense out of the manual 
and start right off having fun. 

BASIC was well named. It 
is very basic, and also very 
simple. It has a minimum of 
rules, and is practically the 
same on every computer that 


uses it. The differences 

usually are very slight. For 
example, one manufacturer 
requires LIST 200,300 to 
display program statements 
200 to 300 on the screen, 
while another has you type 
LIST 200-300. Most of the 
differences are really added 
capabilities that one com¬ 
puter has, and that others 

don’t have. So you should 

still look over the manual 

before starting to program. 

Like any language, BASIC 
has language elements - com¬ 
ponents that make up the 
language. They are state¬ 
ments, variables, literals, 
functions, and statement 
numbers. 

Statements are commands 
which tell the computer to 
perform a specific task, such 
as PRINT, or READ. 

Variables are items which 
are assumed to contain a 
value which can change. They 
are not necessarily the same 
each time the program runs. 
These correspond to the 
letters used in algebra, like x, 
y, and z. Their value is 
usually unknown before the 
program is started, but, what¬ 


ever their value is, the pro¬ 
gram handles a variable the 
same way whenever it is en¬ 
countered. So, in a program 
to print a series of addresses, 
there may be a variable to 
represent zip code. Each 
address may have a different 
zip code, but the program 
does not know, and does not 
care. It does the same thing 
with each one. BASIC has 
two kinds of variables: 
numeric and string. 

Numeric variables are used 
to hold numbers to be used in 
arithmetic. You can add, sub¬ 
tract, multiply, and divide 
numeric variables. They can 
contain up to 16 digits. 
BASIC will not let you put 
anything but numbers into 
numeric variables. Numeric 
variables are represented in 
BASIC by a letter, or a letter 
followed by a number. 
Examples are S or Z1. S can 
stand for salary, sum, or 
whatever you want. Z1 could 
mean zip code or oranges. 

Not all data is numbers, 
however. You may need to 
represent data containing 
letters, or numbers, or both. 
BASIC uses string variables 
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for this. They can contain 
anything. They cannot be 
used in arithmetic. You 
represent them by a letter 
and a dollar sign (e.g., Y$). 
So N$ could mean name in 
your program, A$ could 
mean address, and Z$ could 
be zip code, since it is un¬ 
likely you will ever use zip 
code in arithmetic. There 
usually is some kind of limit 
to the number of characters a 
string variable can contain, 
but 64 is typical. 

Literals are easy. They do 
not represent anything except 
themselves. They are taken 
literally. So "Hi there" means 
the string of characters "Hi 
there.” J ust as there are two 
kinds of variables, there are 
two kinds of literals: string — 
letters and/or numbers, and 
numeric. String literals must 
be enclosed in quotation 
marks. Everything between 
the quotation marks is the 
literal — even spaces. This is 
the only place where BASIC 
pays any attention to spaces. 
Numeric literals are never en¬ 
closed in quotation marks, 
and they can be used in arith¬ 
metic (for example, 3.14 or 
73). 

Functions are short cuts 
built into the language to 
accomplish things that would 
be difficult to program (for 
example, the square root 
function SQR). Every time 
you need the square root of a 
number you say SQR(X) and 
you get its square root with¬ 
out further ado. 

Every line of a BASIC 
program has a statement 
number. Just put any number 
from 1 to 999 in front of a 
basic statement - as, for 
example, 100 PRINT "THIS 
IS LINE 100”. Remember 
that BASIC will execute the 
program statements in order, 
so statement number 100 will 
get done before 1020. 
Usually you number the very 
first statement 100 and num¬ 
ber each line 10 greater than 
the previous. 

When BASIC sees a num¬ 
bered statement, it assumes it 
is program code, checks it for 



correct syntax, and enters it 
into memory. If there is 
something wrong with it, 
BASIC will print it on the 
CRT and point out the error. 
When you correct it, it is 
entered into memory. 

Let’s look at some BASIC 
and identify the elements 
found in it. 

100 LET SS = "THE SQUARE 

ROOT OF 25 IS" 

110 LET A - 25 
120 LETD « SQR(A) 

130 PRINT S$, D 

100, 110, 120, 130 are 
statement numbers. S$, A, 
and D are variables. You tell 
me which are numeric and 
which are string. “THE 
SQUARE ROOT OF 25 IS" 
and 25 are literals. You 
should be able to tell which is 
numeric and which is string. 

You must be eager to start 
writing your first program. 
We will be doing that shortly, 
but we have to learn what the 
pieces are before we can put 
them together. We just have 
to look at some statements, 
and then it’s on to our first 
program. 

PRINT. You have already 
seen the most useful state¬ 
ment, PRINT. PRINT dis¬ 
plays the value of a variable, 
or a literal, on the CRT. 

90 PRINT "PROGRAM 

STARTS" 

100 PRINT B 

110 PRINT "PROGRAM ENDS” 

LET. LET does more than 
you would expect. Use it to 
give a value to a variable. 

100 LET P = 3.14 
110 LET S$ = 

"THE VALUE OF PI IS" 

120 PRINT SS. P 

LET also lets you do arith¬ 
metic. 

100 LET X = 73 + SQRI83) 


You can make two varia¬ 
bles equal with LET. 

100 LET X = B 
110 LET ZS= BS 


You cannot mix types. 
100 LET X = Z$ is illegal. 
LET can even be left out. 


i oo x = B 
no zs = BS 

IF and GOTO. Modifying 
the sequence of your program 
can be accomplished through 
the use of the IF and GOTO 
statements. You can use IF to 
test the value of a variable, or 
to see if it is equal to, greater 
than, or less than another 
variable, or an expression. 
Depending on the outcome of 
the test, you can skip to 
another statement in the pro¬ 
gram. The symbol for "equal 
to” is =. “Greater than” is >, 
“less than” is <, and “not 
equal” to is <>. So if you 
want to go to statement 5100 
if A$ contains “END,” write 
100 IF A$ = “END” THEN 
5100. To go to statement 
5700 if A$ and B$ are un¬ 
equal, write 2100 IF B$ <> 
A$ THEN 5700. Here is a 
short segment of a program 
that will divide R into 4, and 
print the answer, unless R is 
zero. 

100 IF R-0THEN200 
(Program sequence modified 
using IF and GOTO) 

110 B = 4/R 
120 PRINTB 
130 GO TO 300 
(Program sequence modified 
using IF and GOTO) 

200 PRINT "DIVISION BY 
ZERO IS IMPOSSIBLE" 

300 END 

You are almost ready now. 
Consult your computer's 
manual to find out how to 
get things started. On a 
BASIC-only computer you 
may have to do only one 
thing before keying in your 
program. You will have to 
turn on the power. On bigger 
computers with other 
languages you may have to 
type in something like EXEC 
BASIC before starting. 
BASIC tells you it is ready to 
accept program statements by 
printing “READY” or “OK” 
on the screen. Then you type 
in line numbers and program 
statements. If you type one 


in that is wrong, simply 
retype the whole line. To 
delete a line, type in the line 
number — nothing more. 
When satisfied, type RUN 
and your program will exe- 

Here is a short program to 
try out as soon as your mini 
arrives. It is called "OHMS 
LAW.” If you give it any two 
of the three variables, E, I, or 
R, it computes the unknown. 

100 PRINT "ENTER E IN 

VOLTS, 0 IF UNKNOWN" 
110 INPUT E 
120 PRINT "ENTER I IN 

AMPS, 0 IF UNKNOWN" 

130 INPUT I 

140 PRINT "ENTER R IN 
OHMS, 0 IF UNKNOWN" 
150 INPUT R 
155IFE+I + R = 0 
THEN 600 

160 IF E - 0THEN 300 
170 IF I = 0 THEN 400 
180 IF R = 0 THEN 500 
190 GO TO 600 
300 E = l*R 
310 PRINT "E = ";E 
320 GO TO 600 
400 I = E/R 
410 PRINT"! =";l 
420 GO TO 600 
500 R = E / I 
510 PRINT "R = ";R 
600 PRINT "WANT TO DO 
ANOTHER? Y/N": 

620 INPUT RS 

630 IF RS = "Y" THEN 100 

640 END 

Here's a rundown on the 
few BASIC statements that 
we haven’t talked about yet. 

DIM. DIM has nothing to 
do with the console lights on 
your computer. It sets up the 
dimensions (size) of a var¬ 
iable. Most computers estab¬ 
lish a default size for each 
type of variable. Check your 
manual to find out what it is. 
You can change the size of a 
variable with DIM. DIM A$ 
30 means that the size of AS 
is now 30 characters. 

If you have a variable 
representing a name, and 
need it to be large enough to 
hold 30 characters, you had 
better tell BASIC about it. 
You do this by using a DIM 
statement in the following 
form: 10 DIM N$ 30. DIMs 
have to come at the beginning 
of the program, so give them 
the lowest line numbers. 


You can also use DIM to 
define arrays. An array is a 
multiple occurrence of a var¬ 
iable. So, if you want N to 
have 10 different values, you 
must define N as an array. 
Use a DIM with the number 
of times you want the var¬ 
iable repeated in parentheses. 
DIM N(10) establishes 10 var¬ 
iables in memory, called N(1) 
through N(10). In the body 
of your program you can 
refer to any one of the 10 by 
putting its number in paren¬ 
theses after the variable (i.e., 
a subscripted variable). So, to 
print the fifth value of N, 
code 10 PRINT N(5). For 
example: 

50 N(1) = 3.95 
60 N<2) = 7.25 

This sets the first value of N 
to 3.95 and the second to 
7.25. The numbers in paren¬ 
theses are subscripts, or 
indices. Variables can also be 
used as indices. 

100 A = 1 
110 B-2 
120 N(A) = 3.95 
130 NIB) = 7.25 

This will give the same results 
as the preceding example. 

Here’s a short program 
which stores a series of num¬ 
bers in an array, then does 
some computation on each 
one, and prints out the result. 

10 DIM F(6) 

100 DATA 3.95. 7.25,14.32, 

28.6. 50.3, 144.4 
110 FOR X = 1 TO 6 
120 READ F(X) 

130 L = 468 / F(X) 

140 PRINT L 
150 NEXT X 
999 END 

READ. The way data files 
are set up depends very much 
on the particular computer. 
You had better read the 
manual on this one. There is a 
simple form of READ, how¬ 
ever, which is common to all 
machines. You include the 
data to be read in your pro¬ 
gram, with the DATA state¬ 
ment. Place the DATA state¬ 
ment and its data anywhere 
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in the program; for example: 

980 DATA 28.6, 21.37,14.28, 
7.25, 3.95,146.79 

Then, to read each item of 
data, use the READ state¬ 
ment. Each time READ is 
executed you get the next 
item in the list. 

READ F 

Every time you reach this 
READ statement, you get the 
next value in the list placed in 
the variable F. 

You can only reach the 
READ statement as many 
times as there are items in the 
DATA statement. Therefore, 
in the above example you can 
only execute the READ 6 
times. If you do it 7 times the 
program comes to a pre¬ 
mature end — it aborts. 

FOR ... NEXT. FOR and 
NEXT go together. For every 
FOR there must be a NEXT. 
In combination the two are 
used to execute a section of 
your program repeatedly (in 
other words, set up a loop). 

100 FOR X = 1 TO 20 
110 PR I NT X 
120 NEXT X 
130 END 

FOR in this example sets 
X equal to 1. Then control 
drops through to the PRINT 
and the NEXT. NEXT adds 1 
to X. If X = 20, then control 
falls through to statement 
130; otherwise it goes back to 
110. In this example, state¬ 
ment 100 is done 20 times, 
each time with X being incre¬ 
mented. You can set X to any 
beginning or ending value 
(well, almost any value). If 
you want some number other 
than 1 to be added to X each 
time the NEXT is en¬ 
countered, add the word 
STEP and the number added 
to X. So, to set X equal to 
32, adding 3 each time, and 
stopping when X is equal to 
73 (or greater) code: 

100 FOR X = 32 TO 73 STEP 3 
110 PRINT X 
120 NEXT X 


The X, or whatever variable 
you use here instead of X, 
can be used as an index with 
an array. This is a handy and 
efficient way of getting at all 
the values in an array. 

10 DIM F(5) 

100 FOR X - 1 TO 5 
110 PRINT F(X) 

120 NEXT X 

This will print each value of 
F, one after the other. 

INPUT. To get informa¬ 
tion into the program from 
the keyboard, use the INPUT 
statement. Use PRINT to tell 
the operator what to type in. 

100 PRINT "ENTER 

VOLTAGE" 

120 INPUT E 
130 PRINT "ENTER 

RESISTANCE" 

140 INPUT R 

There are some very useful 
functions in BASIC. How¬ 
ever, some of the smaller 
machines may not have all 
the possible functions: RND 
to get a random number; INT 
to get the whole-number 
value of a number ;SIN to get 
the sine of a number; COS to 
get the cosine of a number; 
TAN to get the tangent value 
of a number; A TN to get the 
arc tangent; LOG to get the 
logarithm of a number; ABS 
to get the absolute value of a 
number. For example, 100 
PRINT COS(R) prints the 
cosine of whatever R is. 

BASIC is not only the 
language for the home 
system, but it is also defin¬ 
itely the language for the 
computer-controlled ham 
station. In a short time you 
should be able to develop 
programs which will keep 
track of all contacts made to 
and from your station (date, 
band, power, rig, etc.), handle 
mailing lists for your club, 
compute great circle bearings, 
convert to and from metric, 
and on and on ... the list of 
applications is limited only 
by your imagination. Define a 
problem, and then sit down 
and write a BASIC program 
to solve it. Happy computing, 
and 73s! ■ 








P robably one of the most 
frustrating aspects of 
amateur operation for the 
amateur who does not use his 
station daily for several hours 
is to know when his station is 
functioning properly. That a 
transmitter is functioning 
properly can be verified by an 
in-line wattmeter for power 
and with a monitor receiver 
for modulation, at least to see 
that the rig is basically func¬ 
tioning. An swr check is a 
good basic check for an 
antenna system. But, what 
about the station receiver? 
An operator who uses his 
equipment frequently can 
pretty well judge band condi¬ 
tions on HF and knows that a 
band is "out.” But, the infre¬ 
quent or weekend operator 
often checks a band and finds 
signal levels low and then 
starts to wonder if it is the 
band or the receiver. Ob¬ 
viously, various checks can be 
made to see what the real 
situation is like. If the re¬ 
ceiver can tune outside the 
amateur bands, stations like 
WWV or selected shortwave 
broadcast stations can be 
used as a quick reference to 
conditions. If a second re¬ 
ceiver of equal quality is 
available, it can be used for 
verification of the main re¬ 
ceiver’s condition. But, many 
amateurs' entire stations con¬ 
sist of a transceiver confined 
to tuning only the amateur 
bands. 

In this case, some other 
means of checking receiver 
performance is necessary. A 
signal generator providing a 
calibrated output down to 
the microvolt level would be 
ideal, but few amateurs have 
such test equipment. 

This article presents a 
different approach in terms 
of the "microvolter.” 
Basically, it is a simple gadget 
- just an oscillator and a 
carefully made attenuator 
network to generate a signal 
of approximately one micro¬ 
volt. It is compact, battery 
powered and uses a single 
transistor. But, it can almost 
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Is It the Band 
or My Receiver? 


- the microvolter will tell! 


instantly remove all doubt 
and confusion as to whether a 
receiver is “out” or the band 
is “out." It was intended to 
be used by plugging it into 
the receiver's antenna 
terminals to make a check. 
However, it could be placed 


remotely and connected to its 
own antenna to see if an 
entire receiving system were 
functioning on any given 
band. Admittedly, there are 
pitfalls to this latter 
approach, since when a signal 
source is close to an antenna 


system, good signal pickup 
may occur even though some¬ 
thing has happened to the 
antenna system to change its 
directional properties. 

The oscillator circuits 
presented here are mainly for 
the 20 through 2 meter bands 
since activity is usually great 
enough on the lower fre¬ 
quency bands that it is 
readily obvious if a receiver is 
functioning. However, if 
desired, the gadget may be 
designed to work on any ama¬ 
teur band. 

As was mentioned, the 
microvolter consists of an 
oscillator and an attenuator 
network. Many circuits are 
possible which will work. 
However, the oscillator must 
be stable as regards battery 
voltage, and construction of 
the attenuator network, while 
not critical, must be carefully 



Fig. 1. Oscillator and attenuator network. Oscillator may be 
used: on any band down to 6 meters by proper choice of LC 
circuit components. Coil: CTC LS5 form, 15 turns #22 enam.. 
with 2 turn link. 








Fig. 2. Extremely simple VFO will work down to 2 meters by 
choice of proper tank circuit to resonate in desired band. 


done to avoid leakage signal 
paths. 

Fig. 1 shows a typical 
oscillator circuit which can be 
used and, by proper adjust¬ 
ment of the components, will 
work from 20 to 6 meters. It 
is crystal-controlled for 
simplicity, and the typical 
component values for 10 
meters are shown. Note that 
the crystal does not have to 
have any particular fre¬ 
quency, as long as it falls 
within the band of interest, 
so advantage can be taken of 
the various surplus or odd- 
frequency crystals available at 
low prices from such outlets 
as JAN crystals. The output is 
about Zi volt across 50 Ohms, 
although this will depend on 
crystal activity and circuit 
tuning. The resistor atten¬ 
uator network shown will 
bring the output down to 
about 1 microvolt across 50 
Ohms. The output of the 
oscillator has to be verified in 
some manner. The best is, of 
course, to measure it directly 
if good instrumentation is 


available. An alternative is to 
construct the generator and 
see what response the entire 
unit provides on a receiver 
that is known to be in good 
shape. After all, the main 
purpose of the instrument is 
to provide a quick, relative 
indication that a receiver has 
not lost sensitivity. If it can 
be accurately calibrated as to 
output it could be used to 
make direct sensitivity 
measurements on a receiver in 
conjunction with a VOM to 
check audio level changes, in 
dB, with and without the test 
signal being applied. A simple 
LED circuit is included both 
to indicate that the generator 
is on and to approximately 
indicate a low battery voltage 
condition. The pot in series 
with the LED is adjusted so 
the lens of the LED is just 
barely fully illuminated. The 
difference between this point 
and no noticeable illumina¬ 
tion of the LED is .15 to .2 
volts for a typical LED. So, it 
can serve as a battery voltage 
indicator better than even a 


cheap meter. 

Other crystal oscillator cir¬ 
cuits can be used. K1CLL in 
the August 72 issue of 73 
describes in detail a very good 
oscillator which, among other 
things, features a simple var¬ 
iable output level scheme by 
means by varying the emitter 
bias. For those who do not 
prefer to make their own 
oscillator, the International 
Crystal OX oscillator kits are 
very suitable. They cost only 
$3 with a tuned output cir¬ 
cuit. The Lo kit takes crystals 
from 3 to 20 MHz and the Hi 
kit covers 20 to 60 MHz. 

Simple VFOs can be used 
as the oscillator element but 
here, of course, the problem 
is that their output will vary 
with frequency. Nonetheless, 
if their output variations can 
be measured, there is no 
reason not to use them. For 
the purpose at hand, ultra 
frequency stability is not 
needed, so very simple cir¬ 
cuits can be used. Fig. 2, for 
instance, is about as simple a 
VFO circuit as can be desired. 
The frequency of oscillation 
is determined by the single 
LC combination. By choosing 
combinations which resonate 


The easy $]5 counter hit! 


An easy-to-build 50mHz (6-dlglt) 
Frequency Counter for a measly $25! 
Standard easy-lo-find parts, tool (Unlike 
otter kits.) Any Radio Shack has them. 
Uses 7 segment LED readouts—no 
scarce Nixie* lubes! No tricky crystal 
ovens, either! 

Kit includes a classy cabinet with front 
panel, PC boards, hardware, instructions, 
and diagrams. A proven design! An 


Write or call today! 

F.O. Box 357, Dept. 57, 

Provo, UT 84601 (801>375-8566 





in the various amateur bands, 
the circuit will work down to 
at least 2 meters. Leads 
should be kept short and the 
oscillator enclosed in a metal 
enclosure lo avoid hand 
capacity effects. 

The attenuator network 
was shown in Fig. 1. Its con¬ 
struction is not critical, but it 
must be separately shielded 
even if the oscillator is en¬ 
closed in a metal enclosure. 
The easiest way to do this is 
by constructing it within a 
divided enclosure as shown in 
Fig. 3. The enclosure can be 
of brass sheet, available at 
many hobby shops, or of 
copper sheet, or even of 
sheeting salvaged from old tin 
cans. The only objective is to 
completely "button up” the 
attenuator network so signal 
leakage does not occur 
around it to the output jack 
of the oscillator. 

The unit described has 
been kept as simple as 
possible. There are various 
ways to embellish it, if de¬ 
sired. For instance, three 
output attenuator networks 
with different attenuation 
characteristics might be built: 
one as a microvolt output, 
one as an S9 output (usually 
taken as 30 microvolts), and 
one as a 40 dB over S9 
output. ■ 







Social Events 



Keyer Module 

$40 


EL PASO IX 
SEPT 4-5 

The ARRL Hamfest will be held 

September 4-5 at the elegant Vista 
Motor Inn. Seminars, solar power, 
exotic modes, OSCAR and flea- 
market. Write PO Box 24050. El Paso 
TX 79914. Visit us on Labor Day 



YORK PA 
SEPT 5 


west of York Airport, turn 
Rt 30 to £ tickers Grove. 


Registration begins at 9 am - fee 
$3.00. All adults and amateurs are 


register, XYLs and 
limited number of flea 


advance reservations only , Contact 
hamfest: committee. There will be a 
$5.00 charge for using electric power. 


Leroy Frey K3POR, 170$. Albemarle 
St., York PA 17402. phone 854-1203. 


DANVILLE IL 
SEPT 5 

The Danville Hamfest will be held 
at Douglas Park, Danville, Illinois 
September 5. Downstate Illinois' 
largest. Great prizes. Advance tickets 
$1.75 ea., 3/S5 with an SASE to Jim 
Wilson, 308 First, Ridgefarm IL 
61870. Talk-in 22/82 and 3910. 


BOSTON MA 
SEPT 10-12 

This year's big New England ARRL 
Convention has mowed back to Boston 



Portable •Commercial Standard 


349 ' 


digi - lech 















R/VflV from SUimiDM 


A fully AUTOMATIC ELECTRONIC KEYER, adjustable to your 
individual operating style. This fine instrument FEATURES: 

» All solid state construction • Ten-Tec KR20A Paddles & Enclosure 

» Reliable Reed Relay Switching • Front Panel LED Indicator 

* Complete - Keyer and Key Paddles • Front and rear panel jacks for sidetone outpu 

» Built-in Sidetone Generator • Weighted to stay put 

» Self-completing DOTS & DASHES • No expensive power supply — takes small 

» Precise DOT-DASH space timing power from TX (+5Vdc@ 150 raA) 

* DOT Memory • Glass epoxy PC Board 

» Silkscreened front and rear panel • Quality components used throughout 

* Speed adjustable from front panel 

AND. A WARRANTY THAT WON'T QUIT - EVER!! We unconditionally 
GUARANTEE this keyer to operate properly, not just for 90 days, not just for 1 
year, but FOR A LIFETIME!!! (Yours or ours.) In the unlikely event anything 
ever goes wrong with your keyer during the rest of your lifetime (no restrictions 
— even if you drop it on the floor, or the XYL throws it at you and misses) we 
will either repair or replace it free of charge. You pay only for the shipping 
involved. No gimmicks, no hidden handling, no minimum labor charge, just plain 
free. 

This Electronic Keyer is available for immediate delivery at the unbeatable price of 
just $39.95 plus S2.00 for shipping. 





























MALAGA NJ 
SEPT 12 

The South Jersey Radio Assn, 28th 
Annual Hamfest will be held Septem¬ 
ber 12, 1976, 10 to 5 pm, ai Molia 

Farms, Malaga, New Jersey, Lake, 
picnic grounds and food available. 
Tailgate sales, swap shop and door 

$2.50, gate Lies - S3.50 Advance 
sales send SASE to Jack Koch, Box 


103, Cherry Hill NJ 08002. Talk-in 
146.52. 

FINDLAY OH 
SEPT 12 

The 34th Annual Findlay Hamfest 
will be held on Sept. 12 at Riverside 
Park, Findlay, Ohio. Talk in 146.52. 
For advanced tickets and/or info 
write: Clark Foltz W8UN, 122 W. 
Hobart St., Findlay, Ohio 45840. 


Please send SASE with request for 
fewer than 5 tickets, 

HAMBURG NY 
SEPT 18 

fest will be held September 18, 1976 
at the Erie County Fairgrounds in 
Hamburg, New York. Directions 
Take the New York State Thruway to 
the Blasdell Exit (Exit 56). Recrea 




HITEHOUSE& CO. 

17 Newbury Drive, Amherst, N.H. 03031 


TRANSMITTING VARIABLES 


W mitten iozdu dual zaspi- dkv . iuj.zb 

Millen 16520A single 200pF 3kV . . . 24.75 
Johnson 154-10 single 347pF 3 kV .. 34.60 

COUNTER DIAL 

Millen 10031, 0-99 turns readout with 
0-100 vernier dial, ideal for 
_ transmatch, fits %" shaft $25.50 



We offer the identical product as the other house at about ONE HALF THE COST 


L ° W rfS 

seo V<w«‘-'7 c -e yi - 


Iron Powder 
Toroidal Cores 
Size Price 

T-200-2 SI.60 

T-80-3 .40 

T-80-2 .40 

T-68-2 .35 

T-68-6 .35 

T-50-2 .30 

T-50-6 .30 

T-37-2 .25 

T-37-6 .25 


Ferrite Toroidal Cores 
Size Price 

FT-50-61 .35 

FT-82-61 .40 

Ferrite Shielding Beads 
Size Price 

FB-73-101 $1.00 Doz. 

FB-43-101 1.00 Doz. 

FB-73-801 1.50 Doz. 

FB-43-801 1.50 Doz. 



BARKER & WILLIAMSON 


MODEL 375 PROTAXTM 6-position coaxial switch, rear contacts.$18.50 

MODEL 376 same as above, with side connectors .18.50 

MODEL 425 TVI Filter, 1000 W.32.50 

MODEL 350/2Q4 Audio Phase Shift Network.15.00 

MODEL CC50 Dipole Antenna center coaxial connector.8.25 

ROTARY INDUCTOR MILLEN 

Johnson style 229-203, 28 92200 2kW Antenna Tuner .SI 99 

mH S32.00 92201 300W Antenna Tuner.S138 

90652 Solid State Grid Dip Osc.Si 38 


NOW IN STOCK 

Transmitting Variables - Roller Inductors - Counter Dials 
Air Wound Coils — Couplings — Knobs — Receiving Variables 
Toroids - R.F. Chokes — Coil Forms and more 

Millen - E. F. Johnson - Barker & Williamson - JW Miller - Hammarlund 
Send First Class Stamp for Flyer 

Add §2.00 to each order for shipping and handling. Prices subject to change. 


tional vehicles will turn right on Mile 

Strip Road and turn left on Route 62 
South (first major intersection). 
Follow the signs to the Erie County 
Fairgrounds entrance. All other 
vehicles turn left on Mile Strip Road 
and turn right on McKinley Parkway 


include giant (tea market, technical 
forums, picnic facilities, excellent pro 
grams, non amateur displays, code 
contest, women's programs, organiza¬ 
tion meetings, equipment displays and 
FM hospitality room, and thousands 


gate, S2.50 in advance. SI for flea 
market parking. Children under 12 


admitted free. Talk-in stations will be 
on the WR2ABU repeater 1146.31 in, 
146.91 out), 146.52 simplex, 7.255 
(ECARS), and 3.925. For more infor¬ 


mation contact Bert Jones W2CUU. 
143 Orchard Drive. Kenmore NY 
14223. tel. 716-8733984. 


CHICAGO IL 
SEPT 18 19 

Radio Expo ‘76 will be held Satur¬ 
day, Sept. 18 and Sunday, Sept. 19th 
at the Lake County, Illinois, Fair¬ 
grounds, Routes 45 and 120 north of 
Chicago. Featured this year are an 
exhibit hall with dozens of displays by 
amateur manufacturers and distribu¬ 
tors, forums with the FCC's John 
Johnston, 73s Wayne Green, ARRL, 
OSCAR and more. There’s a giant flea 
market with both indoor and outdoor 

campers and trailers on the grounds. 
No waiting in line — the flea market 
opens Friday night for set-up. No 

WR9ABY, 146.16/76, Chicago. 
Accommodations reserved at the 

minutes south of the fairgrounds. 
Mention Radio Expo. Advance 
tickets. S1.50 from Box 1014, Arling 
ton Heights, III. 60006. 


MADISON Wl 
SEPT 19 

The 4th Annual Madison Swapfest 
sponsored by Madison Area Repeater 
Association will be held at Dane Co. 
Expo Center Youth Building, rain or 
shine, Sunday, September 19. Doors 
open at 8 am. All-you-can-eat pancake 
breakfast, free old-time movies all day 
Iona and lots of prizes. Advance 
tickets & tables SI.50 - S2.00 at door 
(XYLs and kids free). Overnite trailer 
and camper accommodations available 
at swapfest site. Directions: next door 
to Dane Co. Coliseum. Just follow 
"Coliseum" Highway signs to Dane 
Co. Expo Center, approximately 6 

interchange to "MC" exit. Then turn 
right on "MC.” Coliseum and Shera 
ton Inn clearly visible 'A mile north of 
12 & 18 & "MC" exit. Talk-in on 94. 

Box 3403, Madison Wl 63704. 


HARRISBURG PA 
SEPT 19 

ifest sponsored by the Centra! 
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19, 1976 at the Park-N-Shop Parking 
Garage, 200 Block Walnut Street, 
Harrisburg PA. Gates will open at 9 


146.16/.76 WR3ABV .94/.94. For 
more information contact W3ABF or 
WA3AVX. 


Doors open at 8 am. For more infor- event will be held al 
mation and advance tickets write: Company Grounds < 
Hamfest, Box 4411, Lexington KY Route 8, 1% miles 
40504. Admission is free witl 

charge for the flea rr 
ERIE PA will be from 10 am 

The Radio Association of Erie has information contact 


t the Kuhl Hose OCT 9 

on Pennsylvania The Radio Amateurs of Gre 

h a $1.00 per car fest on Saturday, October 9, 1 
riarket. The time from 9 am to 6 pm at the Syrat 

6 pm. For more miles south of Syracuse. Tickets 
RAE, Box 844, $1.50 if purchased before October 


MOUNT CLEMENS Ml 
SEPT 19 

The Fourth Annual L'Anse Creuse 
ARC Swap & Shop will be held on 
September 19, 1976 at the L'Anse 
Creuse High School in Mount 
Clemens, Michigan. Doors will be 
open from 0900 to 1500 EDST. First 


DATA ENTRY AUDIO TERMINAL 

Sends and receives hard copy or audio 
of touch tone data sent & received. 
Output 600 ohms for phone lines. ITT 
touch phone pad with oscillators. 
Hard copy by strip printer 5 char¬ 
acters per inch, 35 digits visually 
displayed at once. Prints & receives 
touch tone codes, digits only. Power 
supply etc. all in the one case. With 
two units you can send and receive 
with monitoring of visual & audio 
tone at both stations. 

Original cost $1065 Ship wt. 25 lbs. 
$49.00 each 


PARITY DETECTOR 

New packaged, made for RCA, detects 
even or odd parity, baud rate 110, 
150 or 134.46. Built-in logic supply 
for the ICs, operates from standard 
115 Vac. Control panel allows manual 
or automatic reset mode of operation. 
Aluminum enclosure (not shown) 
covers the electronics. TTY com¬ 
patible. Ship wt. 10 lbs. $16.50 




The Sangamon Valley Radio 
Hamfest will be held September: 
the Sangamon County Fairgroi 
New Berlin, Illinois, twelve miles 
of Springfield (Illinois state cat 
on Route 36. There will be i 
programs, covered pavilion, 
nearby camping. See Lincoln shr 
Talk-in 28/88 AF9AFA. Ti< 
$1.00. Write: K9HDZ, 622 Magr 
Rochester, Illinois. 

LEXINGTON KY 
OCT 3 

The Central Kentucky Hamfesl 
be held on October 3, 1976 at 
Country world Convention Cente 
1*75 between Lexington and Gei 
town, Kentucky. Prices will be t 
away, including a special Novice g 


LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 414 
x 9'A inches. $25.00 each 5/$110.00 


TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 214 x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/$25.00 


UNIVERSAL POWER SUPPLY 

A unique plug-in supply by Panasonic. Useful for 
calculators, small radios, charging many & various 
small NiCad batteries. Adjustment screw plug on the 
side changes output voltage to 414, 6, 714, or 9 volts 
dc at 100 mA. Output cord with plug, 6 ft. long. 
#SP-143C $4.50 3/$12. 

Please add shipping cost on abo ve. 




E. Lynn, Massachusetts 01904 











fills 


from the hamfest gate. The program 
will feature Dave Sumner of the 
ARRL, Frank WB2MFF, on “Micro¬ 
processors and Amateur Radio/' 3 
UNYREPCO panel, and a Navy MARS 


VIENNA VA 
OCT 24 

AMRAD COMPUTERFEST . 


Tracking 

the Hamburglar_ 

RUSTLED: TR22-Cs/n 120816. Con- TAKEN: Icom IC22A s/n 3402547. 
tact Glenn Packard K3ZOT, 836 Contact Steve Bauer. PO Box 162. 
Mason Avenue. Drexel Hill PA 19026. Goleta CA 93017. 


2 METER CRYSTALS IN STICK 

-RADIOS FOR WHICH WE STOCK TWO METER CRYSTALS - 

Drake TR-22/Ken TR2200 6. Regency HR-2B 11. Tempo FMH 

Genave 7. S.B.E. 12. Lafayette HA-146 

Icom/VHF Eng. 8. Standard 146/826 13. Midland 13-505 

Ken/Wilson 9. Standard Horizon 14. Heathkit HW-2021 

Regency HR-2A/HR212/ 10. Clegg HT-146 


-- FRPOI IPWriFQ _ 





















































































































































©MAGAZINE CLASSICS 

' issues containing hundreds of articles & projects 
GREAT FOR NOSTALGIA BUFFS 


SEND TO 73 BACK ISSUES - PETERBOROUGH, I 


□ $1 - single issues (indicate your choice at left) 

_ issues @ S1 

□ $ 12 — ten issues (indicate your choice at left) 

□ $20 - 25 issues (indicate your choice at left) 

□ $10 - 25 issues, our choice □ 60-65 □ 66-70 □ 71-75 

□ Cash, check, money order enclosed. 


City_ 

Charge: □ BankAmericard # _ 

□ Master Charge # - 

Master Charge Interbank if 


Date. 


Signature 
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GENERAL CLASS 

STUDY GUIDE 

(ALSO TECHNICIAN CLASS) 

1977 Edition . .. complete up to date 
with new material on every aspect you will 
encounter on the new FCC license exams. 

msm m 



An exhaustive study of the books avail¬ 
able to help the Novice get his General 
license shows that just about every book 


available is hopelessly out of date . . . 

■HH 



i&® 

|M| 

STRIKES ON YOU? 

This is NOT a question and answer 
memorization book ... it is a complete 
self-teaching course in the radio theory you 
need to pass the latest FCC General and 
Technician license exams. Don’t be thrown 
by reworded FCC questions ... when you 
understand the basic theory you can't fail 
for you KNOW the answers. 

Please take a look yourself if you get a 
chance ... just take a good look at the 
other books available and you’ll see why 
more amateurs are getting their licenses 
with the 73 study guide series than all the 
others combined. 

1 

UJ 

Order the 1977 EDITION of the General 

z 

Class Study Guide today .. . prepublication 
offer (due off the presses in a few weeks)... 
regularly priced at $4.00 (and a fantastic 


bargain at that price . . . another publisher 
puts out the exact same book in an older 
edition for $7)... the prepublication price 
is ONLY $3.00! 

General Class Study Guide Pre-Publication Price $3,00!!! 

73 Magazine Inc., Peterborough NH 03458 

Name 
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A = Next higher frequency also may be useful 



U = Unsettled 
D = Disturbed 
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THE 2-VOLUME WEBSTER’S 
9-ROUND, 1,380 PAGE, 
158,000-MFINITION 
$39.95 DICTIONARY 


NOW ONIY $19.95! 


• Multiplication and Compound Interest 
Tables will ease your way through our “buy it on 
the installment plan" life. Precise, simple and 
accurate- if you don’t pay cash, know what 
your purchase costs really are. 

• Keep track of your own wages and 
salary. Timekeepers do make mistakes. These 
simple, accurate tables permit you to swiftly 
discover errors of computation in time spans 
as small as 15 minute periods. 

• Most of our lives we eat, sleep and work 
by the clock. Our magnificent charts will swiftly 


our fingertips. 

• 8 pages of exciting, colored reproduc- 


t| an you imagine The New Webster Int 
national Dictionary of the English L 

* g>**g* as a victim ol recession’’ It is tr 
d just as the automakers offered rebates 





















26 Cordless Iron Tips — when you're up 
against the Wahl 
K9P0X 


62 Liquid Crystal Display Guide — for low, 
low, low power consumption 
WB5DEP 




40 

Get on Six with 
Surplus - the el 
cheapo RT-70 is a 
natural 
WA5HLE 
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46 The Beam Sawer — rotor memory system 
W6YUY 


50 Updated Universal Frequency Generator 

— extremely versatile test unit 
K3E2 



54 

Who, me? A 
Pioneer? — some 
fantastic frontiers 
are wide open 
W5WGF 


58 The Shirt Pocket Touchtone — auto¬ 
patch from your HT or car 
K4TWJ 


60 Put Your Name in Lights — giant nixie 
message display 
W4LLR 


65 Self-Powered Mike Preamp — when you 
need to SPEAK UP 
WA5KPG 



84 The Wind Counter — the digital wind 
sock 
W9CGI 



88 

The S38 Is Not 
Dead! - a tale of 
resurrection 
W6GXN 


90 

ID with a PROM- 

and program it 

yourself 

W7JSW 


94 The Amazing Inverted L — antenna for 
20, 40 and 80m 
K8ANG 



106 How Do You Use ICs? — part III 
WA2SUT/NNN0ZVB 






Inc. INCLUDE OLD ADDRESS 
AND ZIP CODE WITH 
ADDRESS CHANGE NOTIFICA- 
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Autobiography 
of an 

Ancient Aviator 

W. Sanger Green 
1379 E. 15 Street 
Brooklyn NY 11230 





dore and have a quick dinner before 
an evening conference with our Com¬ 
mercial Attache. This was interesting, 
as he appeared to know more about 
Export's plans than Export did. After 
he finally bought us a drink, we 
retired. 

My schedule was to take the 05:30 
Ala Littoria plane from Rome to 

there in plenty of time to catch the 
10:30 Imperial Airways (British) 
flying boat to Alexandria via Athens. 

20 mile distant airport, no coffee, 
bumpy ride to 09:10 arrival at 
Brindisi, and still no coffee. Then, 
finally, breakfast at the International 
Hotel. Then I found that Imperial 
Airways would be a day late: "Be In 
some time tomorrow morning." What 
do you do with a day at your disposal 
in Brindisi? 

That question was solved for me by 
what you might call a coincidence. 
Just as I was leaving the Imperial 
Airways office at the airport I heard 
well-raised voices in an adjoining 



friend - Wesley Smith from Philadel¬ 
phia. it seems that a fellow named 
Welch had shipped his plane over to 
le Havre and had hired Wes to fly it 
and him from there to Saigon. They 
had arrived at Brindisi that morning 
and had planned on going on to 
Athens after refueling. The Italian 

technicality was preventing them from 
clearing Wes's flight. Their negotia 
tions were apparently quite difficult 
due to the Americans not under¬ 
standing Italian and vice versa. I 
hutted in and helped get matters 
cleared up by getting the Imperial 
Airways Station Manager to act as 

enjoyable evening together "on the 
town." They got away early the next 
morning, but my 10:30 Imperial Air- 


13:00. Accommodations and service 
on Imperial were the best, and we hsd 
a good flight to Athens. Wes and 
Welch were already checked in at the 
El Brittan Hotel when I arrived, so we 
had dinner and a night club together. 
Next morning I had a stormy and very 

dria. Jim McCormack (Export's Near 
East representative) met me at the 
flying boat station and settled me in 
at the Windsor Hotel. 

I have a couple of clippings from 
the Egyptian Gazette (Alexandria) fol¬ 
lowing up the Smith-Welch Saigon 
flight story. Both dispatches were 
from Nicosia, Cyprus. The first, dated 
1/16/37, reported that Smith and 
Welch had arrived there at 07:30 that 
morning after a flight of nearly 600 
miles from Athens, and that "The 

in a very muddy state, the wheels of 
the machine became embedded in the 
ground when landing, but were later 

be undamaged." The second, dated 
1/18/37, stated that Smith and Welch 
"left at 10:15 for Damascus. The 
airdrome officials witnessed the take¬ 
off which they believed to be im¬ 
possible owing to the muddy state of 
the ground, and they held fire ex¬ 
tinguishers ready in case of emer¬ 
gency." I have talked with Wes about 
this trip several times since at Quiet 
Birdmen meetings in New York. 

I found that Jim McCormack had a 
fairly tight schedule arranged for me. 
My first evening in Alexandria he took 
me out to Judge Brinton’s home after 
dinner to obtain his advice on how to 
proceed with my mission in Egypt. 

years had presided over the "Mixed 
Court" in Alex. He was very friendly 

Egyptian officials at that time, but to 
put the matter before Mr. Childs, our 
Consul, and the Minister (don't re¬ 
member his name) in Cairo for our 
guidance. So we made an appointment 
with them for Sunday afternoon, Jan¬ 
uary 17th, and rode the railway up to 
Cairo, They told us that since the 
August 1936 Anglo-Egyptian Treaty 
which turned the government of 
Egypt back to the Egyptians, most of 
the new government's efforts had 
been directed at replacing British civil 
servants with Egyptians. They thought 
that the time was inopportune to try 
to talk with them about air rights. 



Tracking 
the Hamburglar 


PURLOINED: TR22-C s/n 850278; 
Swan 350 s/n C847975. These were 
taken from my automobile at the 
Northwest Plaza shopping center in 
St Ann, Missouri on June 24, 1976. 
Please contact W2ZKE. 1150 Staffier 
Road. Bridgewater NJ 08807. 

STOLEN: Regency HR2 B s/n 
49-05424. Contact Well Howell 
WA2RZP, 107 Ivy Lane. Bridgewater 
NJ 08807, 201-526-4128. 


SHANGHAIED: EBC-144JR. 2 meter 
transceiver, s/n 7514359A and "tuna 
two" home brew antenna with mag- 



August 10, 1976. Unit is inscribed on 
bottom with: J.C. Maikisch WA20FT, 
089-32 6899, M01814076312424, 

(201) 538-1667. If found please con¬ 
tact John Maikisch WA20FT, H 11 
Farmhouse Lane, Morristown NJ 
07960, 201-538 1667 or Bernards 
Township Police 201 766 1122. 


KIDNAPPED: Genave GTX-200 

12/10/75 in New Haven; Genave 
GTX-200 *32-44 taken from my car 
on 3/25/76 same place. Both had 
USAF/MARS and CAP repeater xtais 
in them. Contact William M, Welch 
WA1BER, 34 Sunset Road. West 
Haven CT 06516. 

ABDUCTED: Drake ML 2 and 
mounting bracket s/n 11446. Stolen 
on evening of June 17 from James R. 
Johns WB2FHS, 24 Fairview Drive, 
Middletown NJ 07748, 201 -842-8403, 
LOOTED: IC230 s/n 2840. Contact 
David Mello W3FOR, 208 E. Univer¬ 
sity Pkwy., Baltimore MD 21218, 
301-366-2157. 

HIJACKED: Regency HR2B, s/n 
49-02817. Stolen from automobile. 
Microphone cable is hand wired to set 
(instead of conventional cable-jack). 
Kristen N. Johnson WA1TJP. 86 
Alton Road, Quincy, Mass. 02169. 










necticut on the eve of August 9th, 
helpers had as much as four days' 


visiting views from around the globe 


tions, Here in New Hampshire, for 
example, the Concord 34/94 
(W1AIE) was taken over by the state 
Civil Defense, led by W1EDU, who set 
up a 2 meter control base at the 
Concord Armory. 34/94 then became 
the primary link for the entire state 
CD, That was more than twelve hours 
before Hurricane Belle, in a much 
toned down form, rolled into 
southern New Hampshire. 

On the lower bands, weather and 
Red Cross nets were the order of the 
evening with SSB taking the biggest 
load. CW nets were started up, but the 


extending the earlier established 2 
meter FM nets. 

ARRL Memorial Station W1AW 
jumped from net to net, gathering the 
latest information, and passing it 
along to the rest of the country by 
Official Bulletin. 73 staffers 
WB6BED/1 and WA1GUD/1 manned 

nearly 0200 local time. 

It was something to behold - 2 


Belle 


emergency power. Through the r 
day, August 10th, local groups < 
tinued their vigil, watching < 


how well prepared we are. Despite the 



to state. It was possible to tune any too played their role, furnishing coor- 
area, any state and get the latest track dination between emergency officials 
on Hurricane Belle. Meanwhile some and Red Cross groups. There were 
states had started their own nets, only a few reports of problems 


systems. continued planning at the local, 

So, if Hurricane Belle is to go down regional and national levels, 
in the amateur radio record books, it Warren Elly WA1GUD/1 

would have to be a measure of just DeeringNH 


Dixie 


Aloha 


1,000 Watt station, WA6UNK. ai 
spends countless hours talking wi 

world. He was thus engrossed li 
Thursday afternoon, moving his d 


the amateur radio buffs don't use last 
names) read off to Carl the list of 


operators in seven states to celebrate 
our country's 200th birthday. 

On Sunday, July 4, originating at 5 


setts, pro- walkie-talkies communicated and 
iam radio exchanged greetings from the East 
celebrate Coast to the West Coast. 

’. The high point came early in the 































Giving Nothing 
and 

Expecting Nothing 


middle America on United Flight 5, 
enroute from New York’s JFK Inter 
national Airport back to my wife 
Sharon and my home in Los Angeles. 


i heard it said by many a 
amateur that repeaters and 
>f operation they foster are 


f times that fellow 
tore of the traditiona 


develop some traditions along tne amateur operation, sucn as working 

One of the local QRpers came by to us also. Finally the QRPer spoke way. First, though, we should ask DX on six and two, or more utiiita- 

last week and we sat in the sun to again. "I have long felt that OXers ourselves the meaning of the word, tion of the VHF bands for ON prac- 

watch the bees work hard to make a offer what is closer to true friendship "tradition." Since you rarely find a tice, and less about these "new- 








































































they have instituted regular meetings 
on the second Saturday of each 
month, alternating between Los 
Angeles County and Orange County, 
have gotten WR6ACA totally re* 


"Breadboard"system of WR6AMZ. Photo by Jim Rieger. 


a weekly SCATS net via ACA th 







































































































































































































































































































































turday, should be sent to the address above. 

|nday Indicate phone or CW on the en- 

Note: These rules were taken from 
al I amat eu rs last year's contest. 



















































especially in attitudes on both sides. such tin 

Lee Wm. Cook stay to 

AFB8WNK/WA8WNK/6 scant t 

Norton AFB CA ™>re 



















































































































































seconds and requires no setup infor- industrial users contemplating the use trol, and data communications. CA 94086. 

mation. The test leads are connected of microprocessors in their products. Infinite Incorporated[ PO Box 906, 

to the transistor in any order and the The comprehensive instruction 151 Center Street, Cape Canaveral FL ALL NEW SOLID STATE DC101A 
test switch is rotated. If the transistor manual, simple straightforward soft- 32920. AUTOMOTIVE DIGITAL CLOCK 

is good, the Pocket Cricket will chirp ware instructions, self-contained key- The DC101A digital clock sets the 

and the meter will read upscale." (The board, and four digit hexadecimal NATIONAL SEMICONDUCTOR trend in digital automotive electronics 
test tone was added because the test display provide a package which CORPORATION CONSUMER which will be offered in the upcoming 
can be made so quickly the meter may promotes rapid training and system PRODUCTS DIVISION ANNOUNCES years. Its small size (1%" x 2/i" x 

not have time to read upscale.) development. TV "ADVERSARY" GAME 5/8") and coordinated leather texture 

Once a transistor is known to be All users will benefit from the National Semiconductor, Consumer and chrome exterior make it an attrac- 
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NEW LOW POWER, LARGE 
MONOLITHIC LED DISPLAYS 
This new series of 4.45 millimel 
(0.175 inch) high, seven segme 
numeric displays require only tv 
milliamperes per segment - about 1 
the power required by presently ava 
able displays. Designed for instrume 
applications, these HP 5082-726 
-7275, -7285 and -7295 LED indie 
tors are available in five and 15 dii 
packages. 

Close digit spacing of four digits p 
inch, combined with low power i 
quirements, now give the designer 
portable digital instruments, desktr 
calculators and other digital devices 
large, easy-to-read display. They Ci 


ss of rf power will be detected, 
damaged antenna, loss of in; 




I device for aut 
easily mounted 
ipact ABS plast 
accomplished I 
ty seconds of i 
fash, passing tl 




mekeepir 


antenna types. necessarily true of in-system monitors. 

Planning for the new production Some unique features include: six 
lines and equipment has been in digit LED digital readout; battery or 
process for several years. When fully external power; instant Velcro attach- 

operational, the plant will be a model ment to metal, plastic, or wood; small 

for the industry, allowing CushCraft attractive case design with non-glare 
to maintain its traditionally high value epoxy finish; thin flexible antenna, 
standards. Weighing six ounces, the FS 20 

FSM has a frequency range of from 2 
MHz to 1100 MHz. Its dimensions are 
FS 20 FIELD STRENGTH 5 y 2 - x y x v/." Applications include 

me TER monitoring transmitter power, trans 

The FS 20 Field Strength Meter is a mitter tuning, preflight radio check¬ 
wide bandwidth, extremely high sensi- ing, locating rf leakage points, ad- 


through 


nnect fuse clips. Bright light 
diodes allow for easy reading 
nditions. Since the clock is all 
te, it is inherently long-life. A 
r guarantee is offered on the 
Vice: $49.95. Lectronix. PO 
Madison Heights Mf 48071. 


CUSHCRAFT FACILITY 


wrporated. 













IRON HANDLE CHARGER STAND 


Fig. 1. Wahl Model 7500 iron and stand. 90 mA total: 30 mA through LED, 60 mA through 
12LI 'A W resistor. * indicates parts added; all others are part of original circuitry. 


N o, not the kind of tips 
that heat up, the kind 
of tips that keep the latter 
heated up! In a recent adver¬ 
tisement, the Wahl soldering 
iron people set forth the 
claim that many users have 
said that their $20 cordless 
soldering iron is worth its 
weight in gold. Ever since my 
wife bought me one tv/o 
Christmases ago, I’ll have to 
agree that for numerous tasks 
around the ham shack it is 
almost indispensable, 
especially once you get used 
to having one of the darn 
things. For example, for 
antenna jobs 150’ from the 
nearest ac outlet, small 
“quickie” soldering jobs 
when you don’t have time for 
the "landlocked” iron to get 
perking, and for mobile or 
vacation jobs to fix that inter¬ 
mittent when it happens. The 
extra fine tip that's available 
for these irons is great for 
making accurate joints on 
those little bitty circuit board 
pads that seem to be in the 
vogue now (you know, the 
ones that turn to goo with an 
American Beauty). The 
model that I have (Wahl 
7500) comes with a charger 
stand, and all you have to do 
is drop it in the stand to 
revitalize those two little 
1200 mAh nicads inside. 


I often wondered whether 
or not the two contacts on 
the iron were making good 
connection with the matching 
contacts in the stand (I worry 
about things like that). After 
all, the iron element draws 
about 5 or 6 Amps when the 
cells are fully charged, which 
represents about 10 to 15 
minutes of actual soldering, 
so it’s important to keep it up 
to maximum in order to have 
it when you need it. I usually 
ended up jiggling the iron 
around in its stand just to 
make sure. The charging 
stand as it comes from the 
factory consists merely of a 
120 V ac to 2.5 V ac trans¬ 
former and the two mating 
contacts (Fig. 1). My unit has 
the /70/7-rapid charge cells, so 
the maximum safe charging 
rate is 1/10 of 1200 mA, or 
120 mA. Notice the clever 
placement of the diode in the 
iron itself so that reverse 


charging from the stand is 
impossible. (Also, if the 
charging terminals on the iron 
accidentally short to some¬ 
thing metal, the nicads won’t 
discharge because the diode 
won’t conduct that way.) 
Back to the point: I took it 
upon myself to install an 
LED (light emitting diode), 
polarized as shown, in series 
with the red charger lead 
inside the charger itself. I 
chose to limit the charging 
current to 90 mA (nice and 
safe) with 30 mA through the 
LED (bright enough and also 
safe) - hence the 12 Ohm, 1 /2 
Watt resistor paralleling the 
LED. Now when I drop my 
iron into its stand I’m sure 
that it’s taking a charge by 
the fact that the LED is 
releasing photons. 

The actual modification is 
quite easily accomplished in 
one evening. I used a diffused 


red LED that required a 
3/16” mounting hole deftly 
drilled in the front of the 
stand. After checking the fit 
and deburring the hole, apply 
a couple of drops of epoxy 
from the inside to 
hold the LED nicely. Clip the 
LED leads to a convenient 
length and make small loops 
in them to act as tie points 
for the resistor and charger 
leads. Incidentally, I’ve 
noticed rather wide Variance 
in light output, current drain 
and chip centering in surplus 
LEDs, so check the device 
before committing yourself 
with epoxy. You may find 
that you will have to choose 
from several devices to get 
the desired results. All that’s 
required to custom tailor this 
idea to your hardware is a 
meter that will read at least 
100 mA, a few test leads with 
alligator clips on them, and 
some resistors (or a pot) 
around the value shown. If 
you don’t worry as much as I 
do, you can just copy the 
circuit as shown and you’ll be 
in the ball park. 

As mentioned earlier, you 
may wish to use your cordless 
iron in the car or when on 
vacation, which, of course, 
necessitates bringing along 
the charger stand, right? 
Wrong! Consider whipping up 
a charger cord that will allow 
you to charge your iron 
directly from your automo¬ 
bile, boat, plane, etc., 12 volt 
system. The tactic that I use 
involves borrowing the cord 
from something that must go 
with you on every vacation 
(unless you’re going camping 
in the north woods) — your 
electric shaver. Perchance the 
ac coiled cords for both my 
Schick “Flexamatic” and my 


Cordless Iron Tips 

- - when you’re up against the Wahl 


David F. Miller K9POX 
7462 Lawler Avenue 
Niles IL 60648 
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Norelco "Tripleheader” 
shavers will mate with the 
Wahl 7500 iron with 
minimum modification. I 
found that I had to shave (no 
pun intended) about 1/32” 
off of the female cord recep- 
tacle end (completely 
around) with a sharp knife 
and then file it smooth to 
obtain a perfect fit in the 
iron. Don’t get carried away 
— 1/32 isn't very much; yes, 
the cord still works in the 
shaver. I then wired the cir¬ 
cuit shown in Fig. 2 into a 
standard female ac cord 
receptacle called a "STA¬ 
TUE," obtained from the 
local hardware emporium. 
Note the inclusion of the 
ever-present LED to show 
you when the iron is plugged 


into the shaver cord properly 
and/or when the shaver cord 
is plugged into the dc adapter 
cord properly. If the LED 
doesn’t light, reverse either 
end of the shaver cord (no 
harm done because of that 
diode in the iron’s case). The 
opposite end of the dc 
adapter cord is terminated in 
a standard cigar lighter plug; 
note that this end is polarity 
conscious. The present stan¬ 
dard seems to be negative 
ground (lighter plug shell), so 
wiring as shown will be cor¬ 
rect. By the way, this dc cord 
is intended as a charger cord 
only; attempting to solder a 
connection with it plugged 
into the vehicle’s cigar lighter 
socket will only replace about 
90 mA of the 5 or 6 Amps 



Fig. 2. Dc charging adapter cable for Wahl Model 7500. 90 mA 
total: 30 mA through LED and 220Q. A W resistor, 60 mA 

through 1500 /' W resistor. 



Interior view of modified charger stand. LED and its resistor 
are shown at the left of center. 


needed to run the iron - and 
that won’t buy you much! 
The figures on this circuit are 
identical to the ac charger: 60 
mA through the 150 Ohm, 1 
Watt resistor and 30 mA 
through the LED/220 Ohm, 
1/2 Watt resistor combina¬ 
tion. These figures are based 
upon 13 V dc input, which is 
an average lead-acid storage 
battery value. You can pur¬ 


chase Wahl’s plastic carrying 
tube for the iron, or you can 
do just as well using a decent 
1-3/8” to 1-1/2” mailing or 
paper towel tube fitted with 
end caps (make it long 
enough to house the dc 
charging adapter, too). 

Just as a bit of additional 
info, I mentioned that the 
Wahl 7500 cordless draws 5 
to 6 Amps from the internal 



interior view of iron, showing diode used to slightly drop lamp 
voltage. 
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Interior view of dc adapter, I 
resistors and positive dc lead. 
batteries; this is true once the 
element is hot. The initial 
current through a cold or 
cool tip is about 9 Amps, 
tapering to the above after 
about 5 seconds. This 
suggests that the working 
time between charges is less 
when the iron is continually 
turned on and off. I checked 
my iron against the clock 
after a full charge and was 
able to get over 12-1/2 
minutes of useful heat in a 
continuous ON condition. 
Presumably, off/on operation 
would yield something less 
than this. There are all kinds 
of ins and outs with some¬ 
thing as simple as this seems 
to be, aren’t there? 

Before you relax for the 
evening, here’s one additional 
easily accomplished modifica¬ 
tion, this time inside the iron 
itself. There’s a very handy 
little light built into the 
business end of the Wahl 
7500, with the nasty habit of 
burning out too fast. The 
type 222 bulb is rated at 2.25 
V and 250 mA, but the fully- 
charged nicads put out 2.4 V 
(under load) and shorten the 
bulb life quite a bit. I 
installed a silicon diode 
(1N4005) in series with the 
bulb and am getting much 
better bulb life, plenty of 
light and more battery 
capacity for heat instead of 
wasted light (remember the 
energy crunch!). With this 
addition, the bulb has 1.5 V 
across its filament and draws 
200 mA due to the drop 
across the diode (junction 
potential). The important 


ote the use of center screw threaded ferrule as tie point for 

mented fact (in past issues of the screw holding the bar that 
73 and other publications) makes pressure contact with 
that as you lower the voltage the shell of the lamp socket 
across a lamp from its design and install the diode in its 
voltage, the lamp life stead, wrapping the anode 
increases dramatically (the end around the screw and 
reverse is also true). Now that soldering the cathode 


vineed, just remove (banded end) to the lamp 


socket shell (use minimum 
heat and remove the lamp 
first). While you're inside the 
iron case, put a small dab of 
GC26-01 silicone lube on the 
switch contact; it's a good 
all-around contact keeper- 
cleaner. Note that these mod¬ 
ifications directly apply to 
the model mentioned with 
non-rapid charge cells. How¬ 
ever, they could be applied to 
other models and manufac¬ 
turers, and, as such, will 
hopefully act as food for 
thought. 

Now you can relax for the 
evening and read the rest of 
73, or you could try out your 
newly modified cordless iron 
on some of the other inter¬ 
esting projects in this issue, or 
you could just admire the 
LED in the stand while the 
iron is charging. ■ 


Sensational price! 
Superb quality! 

A counter-offer you can't refuse! It's rock-bottom 
lly price and sky-high quality make it your best buy! 

Wfl’vfi nrnx/ftrl it tn thnt icnnris I nt us nrove it tm/nu! 


I (30mH*Kit) (250 mHz KH) 

6-DIGIT FREQUENCY 
COUNTERS 



•5 A counter-offer you can't refuse! It’s rock-bottom 
1 price and sky-high quality make it your best buy! 
We've proved it to thousands.Let us prove it toyou! 

• 100m Hz Readout • Ham, CB. & Commercial Bands 

• 1 Hz Optional • Master Chg./8. American! OK 

• Crystal Time-Base • Add $2 Shipping 

Ail counters can be factory wired and tested. 

«■_ M _ Write or call today! 

MftlMft p 0 - Box 357 > DeptSS, 
ilWianP RlWO, UT 84601 (801) 375-8566 


[ Portable •Commercial Standard 

FREQUENCY | 


COUNTER 1 

pt mm 

- FEATURING -.. 

1 Hz to over 300 MHz * Commercial Accura j 
cy 3.10 s * Completely Portable - has Nicad 
batteries ■ Small - 2"x4"x6** * Recharge/ 

charge-limiting circuitry * Less than 50mV 

crystal * Easy to check calibration • Counts 
down to 1/10 Hz 

V J 

Fully Guaranteed 

* 349 95 

diqi - lech p.0.80x2214, 

Salem, Oregon 97308 (503)399 1 370 





Albert H. Coya WB4SNC 
1710 S.W. 83rd Ct. 
Miami FL 33155 


Bicycle Mobile 

- - cover feature 



A fter losing ten pounds 
and logging dozens of 
QSOs, 1 arrived at the conclu¬ 
sion that DXing bicycle- 
mobile is not only fun, but 
also healthy! 

The idea to add a rig to 
my bike came to me one 
night, when, after a few hours 
of sitting in my shack, I took 
a shower and stepped on the 
bathroom scale: I was ten 
pounds over my normal 
weight! 

We have to do something 
about this situation. I love 
hamming, but the idea of 
turning myself into a blob of 
lard was not very appealing. 
The doctor agreed with me: I 
must cut down my hours in 
the shack and put in some 
time doing exercises. I started 
jogging and doing sit-ups. It 
was exhausting and boring. 
So I turned to the bike. Not 
so exhausting, but still 
boring. 

I tried reading while 
pedaling, but (after a near 
miss), decided that this was 
unsafe. 

The next day, I brought 
along my two meter rig. That 
was quite an improvement. I 
had a chat with the local boys 
through the nearest repeater. 
To improve my signal, I in¬ 
stalled an eight wave antenna 
on the back of the bike; the 
chitchat expanded to other 
repeaters. 

Then the rechargeable 
battery gave up, and I in¬ 
stalled an outboard heavy- 
duty battery. 

I am never satisfied with 
what I have, and always seem 
to want something else. 
Maybe I was missing my DX 
friends, because the idea of 
adding an HF rig to the bike 
came to my mind. That 
invisible bulb lit in my head, 
and I started to look around 
for the right thing. The trans¬ 
ceiver I had in mind had to be 
light, capable of putting out a 
decent signal, and, of course, 
battery-operated. 

Even if you find the ideal 
rig, a friend of mine told me, 
it’s going to be very difficult 
to use a vertical antenna. The 
bike is not enough for a 
ground plane ... 
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My enthusiasm was The only thing you need to matched, as I said before, the for better view and access to 

dampened a little, but I operate this rig is a well only thing you have to do is the controls. But if you want 

decided to try my idea any- matched antenna, and a select the frequency, press to spend a few more bucks 

how. I began thinking about battery with a good Amp the mike’s button, and call and save work, Atlas sells a 

building a solid state mono- hour rating, to feed those "CQ." nice mobile rack, 

bander transceiver. After hungry finals transistors. I installed a rack over the With all the parts in place, 

looking over magazines and After taking a good look back wheel to hold the my old bike looks like a very 

books I decided to go by one at my old bike, I decided to battery and the antenna, a interesting contraption, 

easy rule: "If you can buy it, get rid of the hand brake and Hustler vertical. It is neat, “What will the neighbors 

don’t build it." I got myself install a pedal brake, so that light and well manufactured, say?" my XYL asked me. 

one of those little Atlas rigs, my hands would be free to To hold the transceiver Well, nobody blinked an eye 

The name sounded like it was operate the transceiver. between the handlebars, I when we erected the tower 

taken from a moving com- The Atlas is ideal because built a basket out of alum- and the cubical quad, and this 
pany, and the appearance was there is no tuning or loading, inum strips riveted and fitted time there is no more reason 

that of a shrunken Swan. The The whole operation is auto- to the handlebars with bolts for anyone to be alarmed, 

truth is that this tiny trans- matic. It’s a rig for “appliance and nuts. The rig sits very So I climb on my bike and 

ceiver has a tiger in its guts! operators.” If the antenna is comfortably at a 45° angle, pedal QSOs. ■ 



Daniel Metzger K8JVJR 
7741 Ft Drive 
Toledo OH 43612 


Build a Simple "Lab” Scope 


- - costs less than $70! 


W atch any industrial keeping the frequency In a conventional recur- must always be a whole 

electronics tech- response and sensitivity of rent sweep scope, the signal number, or the trace will be 

nician in action and you’ll the scope relatively low which moves the beam across an unstable jumble of lines. If 

notice that he relies almost (although both are quite ade- the screen can vary in fre- the signal frequency should 

exclusively on his oscil- quate for normal use), and by quency by perhaps 10% to change by more than 10%, it 

loscope for troubleshooting, the use of a novel unijunction accommodate changes in becomes necessary to readjust 

It can measure ac and dc sweep circuit. This last signal frequency — see Fig. the sweep frequency to main- 

voltages as easily and accur- feature deserves a special 1 (a). The ratio of signal fre- tain a stable display. This 

ately as a VOM, while also explanation. quency to sweep frequency need for constant adjustment 

measuring frequency, phase 
and waveshape. It can spot 
distortion or interfering sig¬ 
nals, and can detect missing 
pulses and slow risetimes in 
digital circuits. No other 
instrument approaches it for 
versatility. 

Unfortunately, the cost of 
lab-type oscilloscopes ($250 
and up) has limited the ex¬ 
perience of most servicemen 
and hobbyists to service-type 
scopes, which are not true 
measuring instruments, but 
merely waveform indicators. 

Most annoying of all, they 
require constant fiddling with 
a “sweep” or "sync” control 
to keep a steady waveform on 
the screen. 

Now it is possible to build 
an oscilloscope with nearly all 
of the advantages of a lab- 
type scope for less than $70. 

The completed unit contains 
only 1 1 transistors all 
mounted on a single printed 
circuit board. It is only 8” 
high by 12" deep, and weighs 
less than 10 lbs. This sim¬ 
plicity has been obtained by 



Oscilloscope front view. 




makes it impossible to keep 
the horizontal sweep cali¬ 
brated, so measurements of 
time and frequency cannot be 
made. The unijunction sweep 
can vary its frequency by a 
factor of about 2.5 in 
response to the input signal, 
so whole number ratios are 
always obtainable, and the 
display is stable for any signal 
frequency down to one half 
the sweep frequency, with 


never any need for adjust¬ 
ment. The result is a sweep 
which behaves very much like 
the laboratory scope’s trig¬ 
gered sweep - Fig. 1(c) - 
with about one fifth the com¬ 
plexity. The difference is 
apparent only if you try to 
display a small portion of a 
cycle or a single shot 
phehomenon, such as a relay 
closing. 

Our scope also includes a 


calibrated vertical amplifier 
and timebase, and triggering 
controls like the lab scope’s, 
making it a versatile and 
accurate measuring instru¬ 
ment. 

The circuit, which was 
designed to be absolutely as 
simple as possible, is shown in 
Fig. 2. It consists of dc 
coupled vertical and hori¬ 
zontal amplifiers, a sweep 
generator and four power 
supplies. 

Vertical Amplifier 

This is the “voltmeter” 
portion of the oscilloscope. It 
consists of an FET-bipolar 
Darlington pair, Q1-Q2, 
which provide a high input 
impedance and a low enough 
output impedance to drive 
the high gain, high voltage 
common base amplifier, Q3. 
Overall gain is about 150, 
variable by R4. C3 shunts 
extra signal to the Q3 input 
at high frequencies, thus 
extending the amplifier's fre¬ 
quency response to 600 kFIz. 
D1 protects the gate of Q1 
from accidental input over¬ 
voltages. The various values 
of RA and RB provide for 
division of the input voltage 
by factors from 1 to 400, 
giving voltage ranges of 0.1 V 
to 40 V per quarter inch 


division. CA and CB are re¬ 
quired to compensate for 
stray capacitance in the resis¬ 
tors and switch wiring at high 
frequencies. CA is adjusted so 
that Xca/XcB = Ra/ r B 
(i.e., the voltage division ratio 
of the capacitors equals that 
of the resistors). At fre¬ 
quencies above about 10 kHz, 
it is actually the capacitors 
and not the resistors which 
set the voltage division ratio. 

Horizontal Amplifier 

This is normally driven by 
the sweep ramps, causing a 
left-to-right trace across the 
screen, but it may be driven 
by an external signal to 
obtain Y vs. X rather than Y 
vs. time graphs on the screen. 
Q4 is a source follower, pro¬ 
viding a high input impedance 
while driving differential 
amplifier Q5-Q6. C6 is 
selected for optimum fre¬ 
quency response. 

Sweep System 

Q7 and Q8 comprise a 
Schmitt trigger, which pro¬ 
duces square wave outputs 
regardless of the shape of the 
input triggering signal. These 
square waves are given ex¬ 
tremely sharp corners by 
switching transistor Q9. C9 
differentiates the square 
waves, giving a sharp spike at 
B2 of Q11 each time the 
Schmitt trigger switches. Q10 
is a current source, which 
charges one of the timing 
capacitors, C10-C13. When 
the capacitor is charged by a 
constant current, the voltage 
across it rises at a constant 
rate, thus generating the 
required linear ramps. When 
the voltage from the emitter 
to B1 of the unijunction 
reaches approximately 75% of 
the B2-B1 voltage, the uni¬ 
junction fires, E becomes 
momentarily a very low resis¬ 
tance path to B1, and the 
timing capacitor discharges 
very quickly. 

Synchronization of the 
sweep ramps to the input 
signal is accomplished by the 
negative spikes from C9, 
which lower the B2-BI 
voltage to slightly less than 
half its normal value for very 
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Fig. 1 (a). The recurrent sweep generator can be restarted only 
about 10% sooner than full run-up time. The first triggering 
opportunity (downward arrow) may come too soon while the 
second comes too late, so each succeeding ramp shows the sine 
wave signal at a different horizontal position on the screen. 
Also, the ramp is usually curved, rather than linear, resulting in 
a distorted display. 

Fig. !(b). The unijunction sweep can be restarted after only 
40 % of a full run-up. Either the first or the second restart 
command could be obeyed , and either would result in a stable 

display. The ramp is perfectly linear. 

Fig. 1 (c). The lab scope uses triggered sweep — the ramp does 
not restart of itself, but waits for a triggering command 
derived from the displayed signal. The circuitry to achieve this 
is usually quite complex. 
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Fig. 2. (a) Vertical and horizontal amplifiers for the simple 
oscilloscope, (b) Sweep system and low voltage power 
supplies, (c) High voltage power supplies and CRT circuit. 


Bandwidth - Dc to 600 kHz (-3 dB point) 

Sensitivity — 0.1 V to 40 V per quarter inch division, calibrated in a 
1-4-10 sequence 

Input impedance — 1 megohm shunted by approximately 33 pF 


Sweep - 1 usee to 10 ms per division, calibrated in a 1-4-10 
sequence, variable to 500 ms per division 
Trigger - 0.5 division p-p internal; 1 V p-p external; ac coupled 
External Amp — Sensitivity continuously variable to 0.5 V per 
divison; bandwidth dc to 100 kHz 

Table 1. Specifications. 


short intervals. This gives the 
unijunction an opportunity 
to fire on command from the 
Schmitt trigger, provided that 
it has completed about 40% 
of a full run-up. R30 sets the 
full run-up ramp voltage, 
which should be about 2.5 
times the voltage required for 
a full sweep of the screen. 
R29 sets the minimum ramp 
voltage, which should be just 
sufficient to drive the beam 
across the screen. 

Power Supplies 

Two full wave rectifiers 
followed by pi-section filters 
provide +9 V and -9 V to 
power the sweep system and 
low level amplifiers of the 
scope. The +280 V supply 
powers the output stages of 
the vertical and horizontal 
amplifiers, providing suffi¬ 
cient voltage to deflect the 
beam fully across the screen. 
A half wave voltage doubling 
supply produces -600 V 
which is applied to the 
cathode of the CRT. The 
overall accelerating potential 
from anode to cathode is, 
therefore, in the vicinity of 
+800 V. 

Construction 

Few of the components in 
the scope are critical and 
many substitutions are 
possible. The transistors may 
be nearly any silicon small 
signal types, with the excep¬ 
tion that Q3, Q5, and Q6 
must be rated at 300 V or 
more Veer. The timing resis¬ 
tors and capacitors and the 
input voltage dividing resis¬ 
tors should be selected quite 
carefully, as these determine 
the ultimate accuracy of the 
instrument. It is not 
necessary that these com¬ 


ponents be the exact values 
specified, but only that they 
be in the same ratios. For 
example, if CIO is 6% high, 
Cl 1 -Cl 3 should also be 6% 
high. 

Many types of CRTs 
similar to the 3BP1 may be 
employed if the differences in 
base pin connections are 
noted. 3RP1 s, 3EPI s, 
3ACPI Is and 3FP7s have 
been used with equal success, 
and there is nothing to pre¬ 
vent the use of 2-inch or 
5-inch types. A number of 
flat-faced CRTs such as the 
3RP1A and 3WP1 are avail¬ 
able at somewhat higher cost 
for those who want to add 
the final professional touch 
to the scope. 

The magnetic fields from 
the two power transformers 
will cause severe ripple on the 
CRT trace if special pre¬ 
cautions are not taken. The 
transformers should be 
mounted with their windings 
in the plane of the CRT face 
so their magnetic lines of 
force travel with the electron 
beam rather than across it. 
The transformers should be 
mounted as far away from 
the CRT neck as possible, 
and, if available, sheets of 
mu-metal shielding should be 
placed under the transformers 
and around the CRT neck. 
The cleanest trace will be 
obtained if a full CRT shield 
can be obtained from one of 
the surplus houses. 

All wiring involving 
vertical and sweep signals 
should be as short and direct 
as possible. In particular, the 
vertical input and vertical 
output wires should be kept 
away from each other and 
from other circuit wires. Note 
that the vertical input atten- 
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Inside under<hassis view showing function switch S3 (upper left), input attenuator with 
trimmer capacitors CB mounted (lower left), LV transformer T1 (bottom center), HV filters 
C20-C22 (lower right) with astigmatism trimmer R44 immediately below, and HV transformer 
T2 (upper right). 


uator board is mounted 
directly behind the vertical 
sensitivity switch so that the 
wiring can be kept short. 


Testing 

It is suggested that the low 
voltage power supplies be 
wired to the circuit board 
first, with the high voltage 
transformer secondary left 
disconnected. The sweep cir¬ 
cuit can then be tested with¬ 
out danger of shock or 
damage to the transistors 
from the high voltage 
supplies. Ironically, the best 
instrument for testing and 
troubleshooting the oscil¬ 
loscope is another osc 
loscope, but if none is ava 
able a VOM can be made to 
do. The output of the 
Schmitt trigger should switch 
from +2 to +9 V as the trigger 
level control is rotated. On 
the 10 ms/div range it should 
be possible to see the VOM 
follow the rise and fall of the 
sweep ramps if the sweep 
variable control is used to 
slow them down to a few 
sweeps per second. The 
outputs of the vertical and 
horizontal voltage followers 
(tops of R2 and R11 respec¬ 
tively) should rise and fall by 


about 1.2 V when a 1.5 V 
flashlight cell is connected in 
(first) positive, then negative 
polarity to the amplifier 
inputs. 

Next, the +280 V supply 
should be connected and the 
vertical output should be 
checked for a swing from +75 
to +250 V as the vertical 
position control is rotated. 
The two horizontal outputs 
should swing from +100 to 
+200 V, one going up as the 
other goes down, when the 
horizontal position control is 
rotated. If the two horizontal 
output voltages do not 
become equal at about +150 
V, it may be necessary to 
alter the value of R15 to 
achieve proper balance. 
Finally, the -600 V supply 
can be connected and an 
attempt can be made to get a 
trace on the CRT. 


of Q11. The trace length is 
changed from maximum to 
minimum simply by changing 
the frequency of the observed 
signal, or by adjusting the 


sweep variable control. 

The vertical gain is set by 
adjusting R4 for a 3.9 
division shift in the trace 
when a fresh flashlight 
battery (1.55 V) is connected 
with the scope on the 0.4 
V/div scale. Next, a 1 kHz 
square wave is displayed and 
the five CA trimmers are 
adjusted for the cleanest dis¬ 
play with no rounding or 
overshoot of the square wave 
corners. A square wave of 
about 50 kHz is then 
displayed and C3 is selected 
to make the corners of the 
wave as square and as sharp as 
possible without overshoot. 
Then a 10 kHz square wave is 
applied at the external hori¬ 
zontal input and C6 is 
selected so that the display 
consists of two sharply 
defined points at the left and 
right of the screen (the points 
will be elongated horizontally 
if the value of C6 is wrong). 
Finally, a 60 Hz ac signal is 
displayed (the one from the 
scope’s own 12.6 V trans¬ 
former will do nicely), and 
the sweep calibrate control is 
set so that one full cycle 


Calibration 

After the trace is focused 
and aligned, R30 can be 
selected to provide a max¬ 
imum trace length of about 
2.5 times the CRT width. 
Then R29 is selected to make 
the minimum length equal to 
the CRT width. These values 
depend on the characteristics 


® ®® 


Fig. 3. Component placement o 
view. Note the two jumper wires, 
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Photo of a 100 kHz square wave taken on the 4 usec/div range 
shows clean high frequency response and good calibration 
accuracy. 


(16.7 ms) occupies 4.2 
divisions on the 4 ms/div 
range. ■ 

Parts List 

Cl, C8 - 0.05 uF, 600 V disc 
capacitor 

C2, C5 - 330 pF disc capacitor 
C3 — Select for best vertical 
frequency response 
C4, C7 - 0.01 uF disc capacitor 
C6 — Select for best horizontal 


frequency response 
C9 - 0.001 uF disc capacitor 
CIO - 1 uF, 50 V mylar capacitor 
C11 - 0.1 uF, 50 V mylar capaci- 

C12 - 0.01 uF mylar capacitor 
C13 - 0.001 uF mylar capacitor 
C14-C17 - 500 uF, 25 V vertical 
mount electrolytic capacitor 
C18 - 40 + 40 + 40 uF, 450 V 
three section can electrolytic 
Cl9 - 0.0047 uF, 500 V disc 
capacitor 

C20-C22 - 4 uF. 450 V electro¬ 



lytic capacitor 

CA (0.4-40 V scales) - 100 pF 
miniature compression trimmer 
capacitor, total of 5 required 
CB - 0.1 V scale: 33 pF disc; 0.4 
V scale: 1 20 pF disc; 1 V scale: 
330 pF disc; 4 V scale: 0.0012 uF 
disc; 10 V scale: 0.0033 uF disc; 
40 V scale: 0.012 uF disc 
D1-D2 — silicon signal diode, 

I N914 or similar 

D3 - 6.8 V, Vi Watt zener diode 
(HEP Z0215 or equivalent) 

D4-D7 - 100 PIV rectifier (HEP 
R0051 or similar) 

D8-D10 - 1000 PIV rectifier 
(HEP R0056or similar) 

FI — Vi A slow blow fuse 

II — 117 V pilot lamp assembly 
(NE-2 bulb with 68k resistor) 

Q1, Q4 - 2N3819 N-channel 
junction FET 

Q2, Q7, Q8, Q9 - 2N3569 Si 
NPN transistor (or similar) 

Q3, Q5, Q6 — MJE 340, 2N3440, 
or similar 300 V 1 W NPN tran- 


R1, R10 - 330,000 Ohm, Vi Watt 

R2, R14 - 2200 Ohm, Vi Watt 
resistor 

R3, R39 - 100 Ohm, 'A Watt 

R4 — 1 000 Ohm, ’4 Watt trimmer 
potentiometer 

R5, R17 — 10,000 Ohm, linear 

taper potentiometer 

R6, R11 - 4700 Ohm, 'A Watt 

resistor 

R7 - 330 Ohm, Vi Watt resistor 
R8 - 47,000 Ohm, 2 Watt resis- 

R9, R26, R33 - 6800 Ohm, 'A 
Watt resistor 

R12, R13 - 100,000 Ohm, 'A 
Watt resistor 

R15 - 2700 Ohm, 'A Watt resistor 
R16 - 3300 Ohm, % Watt resistor 
R18, R23 — 22,000 Ohm, 'A Watt 

R19 - 25,000 Ohm, linear taper 
R20 - 27,000 Ohm, 'A Watt 


Q10 - 2N3638 Si PNP transistor 
(or similar) 

Q11 - 2N4891, HEP 310, or 


R21 - 220 Ohm, 14 Watt resistor 
R22 - 1500 Ohm, Vi Watt resistor 
R24 - 10,000 Ohm, 'A Watt 



Fig. 5. Printed circuit artwork for the vertical input attenuator 
board. Voltage dividing resistors RA and RB are mounted on 
the copper side of the board with trimmer capacitors CA 
bridging across them between the targe pads. Fixed capacitors 
CB are mounted on the opposite side of the board. 
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Get on Six with Surplus 

- - the el cheapo RT-70 is a natural 



The finished RT-70 modification ready for installation. Its small size and minima! power 
consumption make it idea! for mobile use, but for serious work you will need an "afterburner. " 


I n recent months a large 
number of RT-70 trans¬ 
ceivers have appeared on the 
surplus market at prices from 
$15 to $25. These trans¬ 
ceivers are designed for the 
frequency band from 47 to 
58.4 MHz and therefore com¬ 
pletely straddle the 6 meter 
ham band. To find a surplus 
transceiver that doesn’t re¬ 
quire extensive changes to 
operate on a ham band, and is 
simultaneously cheap, is a 
real achievement that many 
hams would take advantage 
of if they knew for sure what 
the conversion entailed. 

The RT-70 is an FM 
transceiver covering the entire 
6 meter band in continuous 
tuning, and transmitting at 
500 mW output. The receiver 
section is a very good unit as 
is and will operate alongside 
the best of them without 
modification. The transmitter 
section is equally good, but 
several peripheral 
modifications will make it 
more convenient to use. 

The first thing that is 
noticed when an RT-70 is 


40 





Left side and bottom view of the RT-70, showing the "Tank, Field, Veh"switch, S101, on the 
left side, in the "Veh"position. Look closely, just below the crystal Y-102, to see the regulator 
chip installation as described in the text. 


first fired up with its original 
microphone is that the audio 
quality is unbelievably lousy 
in that it won’t modulate at 
all. Apparently years ago the 
carbon buttons were good 
but they have now 
deteriorated, because even 
the “new” buttons that I 
bought for 3 for $2.00, still 
packed in a hermetically 
sealed package, failed to 
remedy the situation. 
Fortunately this problem is 
easily solved. A standard 
telephone handset can be 
used as the microphone by 
placing a resistor across the 
button to decrease the 
sensitivity. Without the 
resistor you can stand across 
the room from the handset 
and have enough audio to 
modulate the transmitter. 
The resistor value has to be 
individually selected 
according to the handset 
used. Mine required a 27 
Ohm resistor. If you can get a 
handset with push-button in 
the palm you have a fine TR 
switch built-in. 

Since some of the RT-70s 
being sold come without 
schematics, I will include 
partial schematics to illustrate 
the hook-ups. Fig. 1 shows 
the audio plug and 
connections to the handset. 
Place the resistor inside the 
handset on the terminals of 
the carbon button itself. 
Later in this article, I will 
show how to add a switch to 
turn off the earphone in the 
handset for speaker 
operation. Note that in most 
handsets the ground lead 
from microphone, earphone 
and TR switch are common 


and a single wire. This wire 
can connect to either pin H, 
pin E or pin B as all are 
grounded inside the set. 

Finding audio plugs for 
the TR-70 is not as hard as 
finding power plugs; 
therefore, I have elected to 
modify the power input to 
use a piece of five conductor 
cable that can have any type 
of connector you like 
mounted on the outboard 
end. The modification is easy 
and works fine. Take a 5/16" 
drill and drill out the center 
of the present connector. 
Push the end of your 5 
conductor cable through this 


hole, tie a knot in it and 
connect the five wires as 
follows (see Fig.2): 

Connect the red one (if 
you have a red one) to pin J 
for the 90 V dc input. Next, 
connect the black one (again, 
note in parentheses above) to 
pin D for the ground. The 
remaining three wires are 
connected to pins B, F and A. 
But, prior to soldering to pin 
B, remove the wire already on 
that pin and place it on pin F 
along with the fourth wire in 
the cable. Now with the 
addition of a Fairchild 7806 
regulator chip which will be 
described later, you can use 
the set with any voltage from 
6 to 15 V dc. The Fairchild 
7806 regulator chip is a 1 
Amp 6 V regulator, all in one 
three head package with a 
mounting tab. The mounting 
tab is in most cases identical 
electrically to the center lead. 
Check your unit first, and if 
this is the case, the center 
lead can be cut off. Next, 
looking at the bottom of the 
chassis, you will see J1 
mounted on the right side 


with two screws. Remove the 
nut on the screw toward the 
front of the chassis. Take a 
knife and scrape the 
protective coating from the 
chassis in a circle about 1/2” 
diameter around the screw. 
Now place the tab of the 
regulator over this screw so 
that the center lead of the 
regulator is pointing directly 
at the chassis mounting nut 
that holds the front panel on. 
This center lead may touch 
the nut, but no harm is done 
as this lead is grounded. The 
other two leads must be bent 
away from the chassis to 
avoid contact. Now replace 
the nut and tighten the 
regulator in place. This 
mounting will act as both 
ground and heatsink for the 
chip. 

Now, using the diagram in 
Fig. 3, connect the input lead 
of the regulator to pin B on 
the power connector and the 
output lead to pin F of the 
power connector. 

Now in operation, if you 
have a 6 V filament supply it 
can be connected to pin F (or 



Fig. I. Audio plug connections. 
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resistor to drop the voltage to 
90 V. I used a surplus 
Sorensen power supply with 
an output of +107 V and a 
dropping resistor of 200 
Ohms. The dropping resistor 
is calculated using the 
formulas in Table 1, and then 
adjusted to get what you 
want using a voltmeter. 

I finally used a 200 Ohm 3 
Watt resistor. Since the 
switch S101 is in “Veh” 
position the current remains 
nearly constant and the drop 
on the resistor remains 
constant. 

The final three 
modifications I will describe 
are primarily convenience 


mods and not absolutely 
needed. The set will now run 
having made the 
modifications already 
described. Remember, FM on 
6 meters is allowed only on 
the upper portion of the 
band. You can set the 
"preset” stops to mark the 
band edges, or use one of 
them for the local frequency. 

If you use the set mobile, 
you will need a dial light. The 
one in the set is a 331 and is 
useless. Remove the bulb and 
replace it with a 328; then, in 
order to get the correct 
voltage on the tube, "short” 
out R-206. R-206 is mounted 
on the back wafer of the 
“Cal, Ant” switch, S-202, on 
the front panel. The resistor 
can be identified by its code, 
as it is an 82 Ohm resistor. 
Merely solder a piece of wire 
across it and your dial light is 
ready. 

This modification is a 
matter of preference, but if 
you are to make the next 
modification, this one 
precedes it. The present 
antenna connection is on the 
front panel. I like mine on 
the back, so I moved it back. 
Remove the BNC connector 
and mount it on the chassis 
on the right side just above 
VI-1, in the aluminum web 
that supports the chassis 
mounting screws (see Fig. 4). 
Then drill a 3/8" hole in the 
cover so that when the set is 
in the cover the BNC antenna 
connector protrudes through 
the back. Now, using a 
miniature 50 Ohm coax such 
as RG-188A/U, connect the 
new antenna connector to the 
feedthrough originally 
connected to the front panel 


the cable conductor 
connected to pin F), while a 
filament supply of 8 to 15 V 
should be connected to pin B. 
Do not try to run a 6 V input 
through pin B and thus the 
regulator, as there is a 2 V 
drop in the chip which will 
result in a 4 V filament 
voltage, and the set will not 
operate on 4 volts. Also, do 
not connect both a 12 V and 
a 6 V supply simultaneously: 
You may blow the chip. And 
a final caution: Do not use ac 
filament voltages. The chip 
doesn’t like ac, and neither 
do the filaments. Ac just will 
not work, so don't try it. 

This regulator is an 
important addition, as the 
filament voltage is very 


critical for proper operation. 
A 5.5 V filament will cause a 
reduction of transmit power 
of S0%! 

There is a switch, SI01, on 
the left side of the receiver 
chassis. This switch is 
primarily used to compensate 
power supplies to hold the 
current drain constant during 
both transmit and receive 
modes. If correct drain is a 
problem, put it in the “field" 
position and then use a very 
well regulated 90 V supply 
capable of regulating from 30 
mA to 80 mA. If on the other 
hand you have a good supply 
of 90 mA at anything from 
90 V to 120 V dc, you can 
put the switch in the "Veh" 
position and use a dropping 


Left side and top view of the RT-70, showing the antenna connector on the end panel, and 
most of the tuning adjustments for the transmitter. 


Fig. 2. Power cable connections. 


Table I. 
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connection. The shield should 
be grounded at both ends and 
placed in the channel runway 
along the housing of C-10. 

Now, using the hole the 
original antenna connector 
came out of, put a single 
pole, single throw toggle 
switch in the front panel. 
Remove the red wire from 
pin A on the audio connector 
and connect it to one of the 
switch contacts; connect the 
other contact to pin A. Now 
you can disable the earphone 
in the handset to allow more 
volume in the speaker for 
monitoring when you are 
across the room, or for use 
when others in the car or 
shack want to hear both sides 
of the conversation, without 
blowing your ears off with 
the handset! 

There are two further 
modifications that are 
possible on the RT-70. 
However, these are specialty 
items, and I won’t go into 
great detail on them. 

First, since this is an FM 



Fig. 3. Addition of regulator. v 

Fig. 4. New antenna connector location. 



transmitter, a “cheap and 
dirty" amplifier can be placed 
on the output using a TR 
switch and rf power transistor 
to achieve 5 Watts or so in 
one stage. 

Secondly, the RT-70 is 
ideally designed to use on a 
repeater. Since the transmit 
frequency is the sum of the 
variable local oscillator in the 
receiver and a 15 MHz 
transmitter oscillator, a 
change in the frequency of 
the 15 MHz oscillator allows 
the transmitter to be 
separately tuned. To operate 
on a repeater, it is only 
necessary to change the 
crystal in the 15 MHz 


oscillator /doubler (the crystal 
is 7.5 MHz- bear this in mind 
when calculating the 
transmit/receiver offset). 
Thus you will have a 
transmitter that tracks the 
receiver, offset from the 
receiver by a previously 
determined frequency 
difference. 

Final notes: All these 
modifications work equally as 
well on the RT-70 as on the 
RT-70A, but, in selecting the 
unit, try to get an RT-70A. 
They usually are newer and in 
better condition. Second, 
don’t pay extra for the 1 
MHz crystal in the calibrator 
unless it is real cheap. Some 


places con you for $5.00 and 
you don’t really need it at 
any price! It is nice for tuning 
up, but not at $5.00. And 
finally, try to get a manual. 
They are worth the price if 
available. The manual 
describes a complete tuning 
and maintenance procedure, 
as well as the equipment. It is 
one of the best equipment 
manuals I have ever seen. 

If you can think of any 
other mods that would be 
helpful I would like to hear 
from you, and I will keep a 
file on any “new” mods that 
I will trade for your 
suggestions if you send an 
SASE. ■ 


| AC DC - ALARM Clock Kit - 12/24 Hr. 

$7.50 q T;T $6.50 , T*" u 'p°' 

i 6 Digit LED Stop-Watch Kit j 

I Split Time $26.95 Taylor Time 

• Your choice of Display Colors - Red. Green, Blue. Amber 

• Displays Hrs & Min. - Switch to Mm & Secs on Command 

• AM/PM Indication • Field Tested for 6 months 

The kit will include a 5316 National Clock Chip, 4 Flourescent Display tubes, 
all electronic components, switches, controls & complete instructions, specs, 
etc for clock and all optional Features. Other parts required or it desired are 
as follows: 

• PC Board. Drilled & Silk Screened lor Clock & all options $3 00 

• Xformer (for AC oper.) — $1.00 App (SCR output) timer kit — $200 

• Speaker Alarm Kit — $2.00 Count Down (turn-off) timer kit — $2.00 

• Crystal Time Base Kit (for DC oper.) — see below 

• Wood Cabinet - Walnut finish and filter (2”H x 6"W * 5"D) — $4.00 

FEATURES: 

• Simple construction needing only the parts listed below 

• Small enough lor hand held case • Needs only 3-AA cell batteries 

KIT INCLUDES: 

• Latest Technology Intersil Mos Chip » 7205 

• 32768 MHz Crystal • Variable Trimmer Cap. 

• 2 mini slide S 3 MOM. PB Switches 

• 3 pairs (6 digits) Double Digit LED Displays 

P C BOARD for above . $3.95 

60 Hz. Crystal lime Base 

For: Cars, Boats Campers, Field Use 

$2.95 

Dual Range DIGIIAl Voltmeter Kit 

0 to ± 2 Volts DC $39.95 Complete 0 to +2 Volts DC 

KIT INCLUDES: 

Crystal. MOS 17 Stage Divider 1C. all necessary components. Inst Sheets & Specs. 

P C BOARD for above $150 

FEATURES: 

• 60 Hz output • Low Power Dram • Accuracy 

• Small Size • Direct interface with all MOS Clock Chips 

• Features latest Technology DVM chip set * Non Critical Comp 

• High Noise Rejection • Accuracy to within 001 

Contains — P.C Boards; 4-large 50 Fairchild Readouts; Display Drivers; Op- 
Amps; Inverter; all electronic comp; Switches. Pots; Complete Instructions 
and Specs; & DVM Chip Set. 

Requirements. Power Supply W/+5V. ♦ 15V and -15V 

Option Avail — 0-200V Range Extender - $4.95 

1 ELECTRONIC COMPONENTS-A small SAMPLING 

21L02-1 Low Power 500NS Ik Ram $195 ea 

LM309K - 5 Volt Regulator - Raytheon. 79* 

LM340T Senes Regs. - 5, 6.12. 15 A 24 V fpos.1 .^99* 

LM741 Op. Amp. 14 Pm Dip Pkg . .. 4 for 99* 

2N3055 NPN Transistor TO-3 Pkg. 594 

2N4904 PNP (complement to 2N3055) 694 

25 Amp - 200 Volt Full Wave Bridge $149 

10 Pk - 220 Power Tab Xistors, NPN & PNP Asst. $1.49 

15 Pk LED's Assorted Sizes and Colors. - $149 

Bi-Polar LED - Red/Green . $1.00 

14, 15. & 18 Pin 1C Sockets.10 lor $1.59 

! H0BB-Y-TR0NIX, INC. 

Box 511, Edison, N.J. 08817 1 

Orders must include Check - No COD's. Add $1.00 handling 1 

for orders under $15,00. N.J. residents - add 5% tax. j 






T his article is directed 
mainly at the ham who 
has had antenna rotator 
damage due to high velocity 
wind gusts. There is also 
information for anyone plan¬ 
ning to purchase an antenna, 
tower, or rotor. In the main, I 
will present a modification 
for the Cornell Dubilier 
TR-44 antenna rotor that will 
automatically return the 
antenna to a pre-determined 
antenna azimuth or arc seg¬ 
ment. This system is not 
limited to the TR-44, how- 

I live in the San Fernando 
Valley of Southern Cali¬ 
fornia. During the months 
from February through April 
there are portions of this 
valley that have winds known 
as the Santa Anas. These can 
last for several days, carrying 
with them gusts from 20 to 
85 knots. After each of these 


storms, one can drive down 
side streets and encounter a 
large number of twisted 
towers and beam antennas. 

Many of the hams suffer¬ 
ing damage could not believe 
this could happen to their 
structures, since they 
appeared robust enough to 
stand twice that wind 
velocity. Many hams purchase 
rotors, towers and antennas 
with hearsay information as 
to their structural wind 
strength, while other hams 
use the overkill theory. A 
tower designed for an 
antenna wind resistance of 
2.5 to 5.0 square feet at 100 
mph can have the tower 
twisted like a corkscrew with 
gusts of less than 50 to 70 
mph. 

After reading some of the 
latest specs from C.D. on the 
TR-44 and Ham M-2 rotors, I 
was surprised to see that they 


are rated for only 2.5 square 
feet and 7.5 square feet 
respectively. In this light it 
appears that a large percen¬ 
tage of hams are overloading 
these units with stacked 
beams that can easily be rated 
for wind ratings of 15 to 20 
square feet or more. My 
tower is an aluminum 40' 
self-supporting structure 
capable of sustaining a 100 
mph wind while decked with 
a 5 square feet array less than 
1.5’ above the top of the 
tower. The rotator is a 
TR-44. The antenna is a 4 ele¬ 
ment widely spaced 15 meter 
beam with a 3” diameter 
boom. After the first 35 mph 
wind, I guyed the tower. A 
subsequent wind broke one 
of the guy lines. I am sure 
that if the motor had had a 
strong brake the tower would 
have torqued sufficiently to 
have snapped. I had believed 
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the many hams who had 
advised me that the TR-44 
gear ratio would prevent the 
antenna from turning during 
exceedingly high velocity 
winds. Besides, the rotor 
would not turn beyond the 
end stops. Well, my coax was 
wrapped 5 times around the 
chrome molly mast post. 
Theoretically, the rotor 
cannot go beyond 360° 
because protrusions built into 
the casting come into contact 
with a hard drawn steel lever 
made of angled steel in the 
shape of a U channel. This 
strikes end stops, which are 
also built into the stationary 
part of the casting. I do not 
know how many pounds or 
tons of torque was created by 
the wind, but this piece of 
steel looked like it was on the 
losing end of a battle with a 
punch press. 

With this background, we 
have arrived at the meat of 
the subject. How do we pre¬ 
vent this from reoccurring 
without having to replace 
everything with beefed up 
specs? A braking system had 
been contemplated at some 
length, but the prospect of 
having the tower torqued in 
half was quite evident. 
WA6MVP suggested the 
design of an electronic servo 
system with rubbery limits. 
The system in Fig. 1 is the 
result. 

A breadboard model was 
devised to determine the 
circuit feasibility. A 500 J2 
wirewound potentiometer 
and bench supplies were used 
to depicket the TR-44 rotor 
and control box. After being 
assured that the design was 
sound, most of the com¬ 
ponents were mounted on a 
214” x 4>/ 2 ” universal PC 
board. Essentially, what is 
required are two 12 or 24 
volt dc three pole double 
throw surplus relays, two 
inexpensive 741 op amps, or 
a single dual pack 747 1C, 
two 1N4004 diodes, two 10k 
Trimm potentiometers, three 
transistors (two used as relay 
driver switches and one as a 
B+ pass transistor), and one 
double pole double throw 


46 



toggle switch. 

Let’s first look at the 
Cornell Dubilier control unit 
schematic as redrawn for 
better understanding. The 
uncircled numbers are those 
that appear on the C.D. sche¬ 
matic. Those circled are those 
that appeared on the particu¬ 
lar relays used in my unit (I 
found some new surplus, very 
small 4PDT 24 volt units at 
154 each). The lever switch 
on the control unit essentially 
does two things: It applies 
line power to the power 
transformer primary only 
when moved to the left or 
right position, and it also 
applies 26 volts ac to one or 
the other split phased wind¬ 
ings of the rotor motor. (One 
winding causes the motor to 
rotate counterclockwise, and 
other winding changes the 
direction to clockwise.) 
Incidentally, if you have had 
your rotor for some years and 
it only rotates with much 
persuasion, you most likely 
have a defective motor 
phasing capacitor. This 
capacitor is a nonpolar elec¬ 
trolytic. The electrolyte dries 
out after a time and the 
capacity is insufficient to 
change the phase of the cur¬ 
rent sufficiently. A good 
substitute is to purchase com¬ 
puter-grade capacitors of 
twice the capacity and con¬ 
nect them back to back. 
Remember that the 50 volt 
rating on the original 
capacitor has an ac rather 
than dc rating. As the ac 
voltage is a peak-to-peak, the 
formula becomes RMS x 2 x 
1.44. However, if the capaci¬ 
tors are placed back to back, 
each of these would have a 
rating of 1.414 times the 
RMS value. 

One of the first things that 
came to my attention on the 
C.D. unit was the amount of 
heat generated in the 300 fl 
zener current limiting re¬ 
sistor. When the control unit 
is on for a prolonged period, 
both the 300 O resistor and 
zener will blister the fingers if 
touched. This current 
measures approximately 90 
mA. The regulated 14 volts 
only supplies 1 mA to the 



Fig. 1. Si is shown in the manual position. Dashed lines represent wiring changes in the original 
circuitry. Relays A and B are shown in the de-energized position. Numbers not circled identify 
portions of the C. D. R. schematic. Numbers circled identify the terminal numbers on the 
particular relays used by author. 


direction indicating meter, 
and about 30 mA to the 500 
S2 pot located in the rotor 
housing, with the balance 
apparently used in biasing the 
zener. It isn’t any wonder 
that the zener and its asso¬ 
ciated resistor get hot. 

To operate the modified 
unit during a wind period, 
power must be applied to the 
transformer primary on a 
continuous basis. The zener 
and resistor are not rated to 
stand this kind of duty cycle. 
Therefore, a modification was 
incorporated to relieve this 
condition. A flat pack pass 
transistor, type 2N6123, was 
used. This transistor capa¬ 
bility is like using a steam¬ 
roller to crush a cinder. How¬ 
ever, it is inexpensive, small 
and a heat sink is not re¬ 
quired. This transistor has a 
minimum beta of 20 - thus 
the zener now only has to 
supply 1/20 of the current 
previously required. The 300 
n resistor is now replaced 
with one of approximately 
5.6k, and the zener still 
directly supplies the 1 mA 
maximum current to the 
azimuth indicating meter and 


biases the base of the pass 
transistor. 

Notice that the 14 volt 
supply is a voltage source for 
the azimuth potentiometer. 
This pot acts as a variable 
voltage divider of zero to 14 
volts; the 1 mA meter (1000 
Ohms per volt) has a fixed 10 
k£l and variable 5 k£2 for full 
scale adjust. The 1 mA meter 
is set up to precisely indicate 
the source voltage. 

Now let's look at the servo 
circuit. Note the two symbols 
for ground. This is not meant 
to confuse, but to identify 
two separate negative returns. 
The voltage negative return 
circuit of the control unit 
CD. number “7” does not go 
to chassis ground, so do not 
make it a chassis ground 
when you make up your 
module. Note also that the 
only thing that goes to chassis 
ground in the control unit is 
the rotor of the azimuth pot. 
When this pot is in the most 
CCW position, its variable tap 
is at the "7’’ point or supply 
negative. In the opposite or 
clockwise position, point "2” 
is +14 volts. This variable 
ground potential point “1” is 


used as an offset voltage on 
pin 2 on op amp “A” and pin 
3 on op amp “B.” Note that 
this voltage is fed through a 
100k resistor and junctions 
with a 20 uF capacitor. The 
capacitor takes time to build 
up and also takes time to 
drop its voltage. This makes 
for a hysteresis and allows the 
rotor to continue through 
and coast beyond the elec¬ 
trical limit. The outputs of 
the op amps are amplified by 
the emitter follower relay 
drivers A and B, which 
actuate either relay “A" or 
“B.” Note that if 24 volt 
relays are used it may require 
about 18 volts for actuation. 
The relay energizes the 
proper motor winding and 
turns the antenna back to the 
initial point. You might ask 
why the motor doesn’t just 
correct a few degrees and the 
relay drop out. The hysteresis 
introduced by the 20 uF and 
100k resistor add a time 
delay, slowing down the 
buildup and drop-off of the 
op amp offset bias voltage. 
When you first try the unit, it 
is conceivable that the rotor 
will turn in the opposite 
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KIT $11 95 

ASSEMBLED SI7.95 
ADD SI.25 FOR 
POSTAGE/HANDLING 


VARIABLE POWER SUPPLY 

• Continuously Variable from 2V to over 15V 

• Short-Circuit Proof 

• Typical Regulation of 0.1% 

• Electronic Current Limiting at 300mA 

• Very Low Output Ripple 

• Fiberglass PC Board Mounts All Components 

• Assemble in about One Hour 

• Makes a Great Bench or Lab Power Supply 

• Includes All Components except Case and Meters 




** *SUPER SPECIALS: * 



direction from that desired. 
In this case, just reverse the 
relay contact wires going to 
switch points 4 and 8. Circled 
relay contacts 4, 12 and 8 on 
both relays are connected in 
such a way as to prevent 
inadvertent manual control 
when SW-1 is in the auto¬ 
matic position. The manual 
position causes both relays to 
take a de-energized position 
and the control unit is now 
ready for conventional 
manual control. 

For the initial adjust¬ 
ments, you must determine in 
which direction you want the 
antenna pointing. When in 
automatic, manually position 
the antenna to this position. 
Now determine the leeway on 
each side of this position. Set 
the antenna to the CCW limit 
point and adjust the appro¬ 
priate limit potentiometer 
until its associated relay ener¬ 
gizes. It might be well at this 
point to jumper the 100k 
resistor, as this shorts out the 
delay. The correct setting can 
thus be found more readily. 


Now manually move the 
antenna to the opposite limit 
point and adjust the second 
limit potentiometer for actua¬ 
tion of the second relay. With 
the servo main switch in the 
automatic position, the 
antenna should correct to the 
predetermined direction. 
Both relays are now de¬ 
energized. Switch contacts 4 
and 12 of both relays should 
be in the position as shown in 
the schematic. Although the 
switch mode has been set for 
automatic, the manual con¬ 
trol lever on the control head 
will respond, opening the 4 
and 12 contacts on that relay. 
Manual control is lost until 
the servo is again balanced. 

Protection circuit "C" was 
added to prevent damage to 
the rotor motor should a 
component fail. Connect con¬ 
tacts 2 and 10 as shown. This 
circuit prevents having motor 
driving voltage on both the 
motor phased windings, 
should a circuit failure close 
both relays simultaneously. 

The entire servo section is 


built on a canned PC board or 
any board type you desire. 
The board size is approxi¬ 
mately 214” x 4'/t". The 
board is then mounted in an 
aluminum box approximately 
5” x 2/2" x 2”, depending on 
the relay size. You might 
want to set the control unit 
on top of the servo system, in 
which case you should use a 
box with length and width 
compatible with the control 
unit base. The 741s have 8 
pins, so both can be plugged 
into one 1C socket (unless the 
dual pack is used). The 
manual autoswitch is the only 
control on the box. Wires 
emanate from the back 
through a grommeted hole. If 
12 V relays are used, the 500 
n 'h W current limiting resis¬ 
tor can be increased in size, 
or two resistors in a voltage 
divider circuit can be 
employed. 

Unfortunately, the trans¬ 
former in the control head, 
although large and visibly 
husky, was not designed for 
continuous duty. Mine was so 


hot after about 5 hours that 
it was painful to touch. The 
overload circuit breaker, a 
temperature-activated device 
built right into the trans¬ 
former, did not cut out. The 
secondary winding is of very 
heavy wire, but the primary 
saturates the core while only 
loading about 80 or 90 mA. 
The replacement transformer 
I used is a 24 volt 2 Amp unit 
normally used to operate a 
latching relay in a garage door 
operator. This transformer is 
less than three fourths the 
size of the one in the control 
unit - yet is only slightly 
warm after a 24 hour duty 
cycle. Fortunately, there are 
any number of units available 
from electronic surplus 
houses throughout the 
country. 

The prolonged detail of 
this article is intended for the 
less technical ham. The more 
technical ham may just need 
the schematic diagram. 

My thanks to Doren 
Rozenthal WA6MVP for his 
suggestions and assistance. ■ 
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Updated Universal 
Frequency Generator 


-extremely versatile 


T he original article on 
the “Poor Man's 

Universal Frequency 
Generator” appeared in 73 

for July, 1974. It has 

generated a great deal of 

reader response and it was 
considered worthwhile to 
review the instrument again 
and see if it could’t be made 
even more reliable and 
versatile. 

Basically, the generator is 
a collection of 1C oscillators 
and dividers that can generate 
square waves from the HF 
range all the way down to the 
sub-audible AF range and can 
generate markers all the way 
into the VFIF range. There is 
nothing sophisticated about 
the generator, and some of its 
function can be performed 
today by more advanced ICs 
with even greater versatility. 
But, the generator is hard to 
beat as a simple straight¬ 
forward device that can be 
built at a very low cost (none 
of the ICs costs more than 
$1.00, except for one 
optional $3.00 type). It 
makes an excellent little 
project for those who still 
haven’t started to experiment 
with digital ICs. 

The uses for the generator, 
as suggested in the original 
article, are about as versatile 
as those of a grid-dip oscil¬ 
lator. Also, like such an 
oscillator which is not a very 
advanced type of instrument 
today, one nonetheless 
always keeps on discovering 
new and handy uses for the 
instrument. The broad uses 
still include: frequency 


marker generation, generation 
of crystal-stability RF or AF 
square wave signals, crystal 
activity checker, range exten¬ 
sion for present AF or RF 
generators and a divider chain 
to allow H F oscillator 
stability and calibration to be 
checked by a low frequency 
receiver for those who lack a 
counter. 

The block diagram of the 
updated generator is shown in 


Fig. 1. It consists of a selec¬ 
table oscillator section, a 
fixed string of divide by 10 
stages, and two divider stages 
which can be switched in at 
various points along the 
divide by 10 stages. The first 
oscillator is a 1 MHz crystal- 
controlled stage. Improved 
circuitry has been used which 
ensures more stable oscilla¬ 
tion with any good 1 MHz 
frequency standard crystal. 
An LED indicates that the 
stage is oscillating. The 
second oscillator stage can be 
used with any external crystal 
extending up to the low VHF 
range. An LED again indi¬ 
cates that the oscillator is 
working. The stage can be 
used as a simple crystal 
activity checker with the 
LED, or crystal frequencies 
can be used which will give 
some desired output when 
the oscillator is fed into the 
divider Chain. The third stage, 
as in the original generator, is 


test unit 


not really an oscillator stage 
in itself, but an oscillator 
input stage. It will accept any 
external sine or square wave 
input, condition it, and then 
apply it to the divider chain. 
The fourth oscillator stage, 
which is new, really increases 
the versatility of the gen¬ 
erator. It is a square wave 
generator whose frequency 
can be controlled by an ex¬ 
ternal capacitor only. By 
proper selection of this capac¬ 
itor, frequencies from several 
Hz to several MHz can be 
generated. Thus, in combina¬ 
tion with the divider chain, 
any desired frequency or 
marker can be generated. The 
fifth oscillator stage, which is 
optional, is similar to the 
fourth oscillator except that 
it is intended mainly for the 
entire HF range up to about 
25 MHz. Its frequency of 
oscillation is also controlled 
by an external capacitor, but 
its main feature is that it is a 



Fig. I. Overall block diagram of the generator. 
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voltage controlled oscillator. 
By varying the voltage with a 
potentiometer to one section 
of this stage, a variable or 
sweep frequency output can 
be obtained. 

The divider chain is a 
simple series of four divide by 
10 stages. The outputs from a 
1 MHz input will be at 100 
kHz, 10 kHz, 1 kHz and 100 
Hz. The stages are similar to 
those found in the timebase 
of any frequency counter or 
many crystal calibrators. The 
two divide by 2 and divide by 
5 stages can be switched in 
along the divide by ten string. 
Using the 1 MHz oscillator 
input example again, the out¬ 
puts of the divide by 2 stage 
will be 500 kHz, 50 kHz, 5 
kHz, 500 Hz and 50 Hz. The 
outputs of the divide by 5 
stage will be 200 kHz, 20 
kHz, 2 kHz, 200 Hz and 20 
Hz. This example may appear 
very obvious, but when 
dealing with inputs other 
than a simple 1 MHz one, it is 
important to list all the 
various output frequency 
possibilities to avoid con¬ 
fusion. Of course, looking the 
other way, that is, towards 
VHP marker frequencies, the 
above frequencies represent 
the intervals at which marker 
frequencies would appear 
since the output of the digital 
stages is a square wave with a 
very rich harmonic content. 

The actual circuit of the 
generator is shown in Fig. 2. 
Use is made, except for the 
optional fifth oscillator stage, 
of only simple SN7400 
family ICs. The SN7400 1 
MHz oscillator stage makes 
use of 2 of the gates for the 
oscillator itself, one for an 
output buffer, and one to 
drive the LED oscillator 
activity indicator. The 
oscillator can be beat against 
WWV for accurate calibration 
using the 25 pF trimmer. Do 
this by connecting the output 
of the oscillator, through a 
small coupling capacitor if 
necessary, to the antenna 
input of a receiver tuned to 
WWV on 5, 10, 15 MHz. 
During the 10 second tone 



Fig. 2. Wiring diagram. Note that the divide by 5 and divide by 2 functions use only one 
SN7490. See text for some details on bypassing by each 1C. 

pause on WWV, adjust the but the situation can be example, with a 430 pF 

trimmer for zero beat. The corrected by connecting a capacitor between pins 3 and 

second crystal oscillator will 22k resistor from pin 4 to the 4, the output frequency range 

operate over a very wide supply voltage. as the voltage on pin 12 is 

range. The only component The fourth oscillator input varied between 1 and 5 volts 
that may have to be changed stage has been found to is approximately 200 kHz to 
with frequency to ensure function well and is left as 1100 kHz. For a 100 pF 
stable oscillation is the 150 originally shown. About a 1.5 capacitor, the range is 5 MHz 
pF capacitor from one side of to 2 volt input is required to 25 MHz. The 1C will 
the crystal socket to ground, from any external sine or actually operate up to 30 

The 150 pF nominal value square wave generator to MHz with a bit of care as to 

will operate satisfactorily activate the multivibrator, lead dress, etc. The leads to 

with most HF crystals. The The operation of the stage the external frequency range 

oscillator range can be will be very obvious and even determining capacitor should 

extended higher or lower by the output from a low voltage be kept as short as possible, 

making this capacitor have a filament transformer through Also, the ground leads and 

value (in pF) equal approxi- a current limiting resistor can bypassing to the supply 

mately to 500 divided by the be used to check that it is voltage pin should be short or 

crystal frequency in MHz. operative. the full frequency range of 

Overtone as well as The fifth oscillator stage, a the oscillator may not be 

fundamental mode crystals Motorola 4024, is a very realized. Unlike the SN7400 

will work. interesting voltage controlled series ICs which are widely 

The third oscillator, a oscillator. Its circuit available, one may have to 
SN7405, is a hex inverter simplicity belies its very look twice for a source of the 
which uses a single external versatile usage. The operating MC4024. One source (at 
feedback capacitor to frequency range of this $3.00) is Circuit Specialists, 
produce a square wave output oscillator (multivibrator) is P.O. Box 3047, Scottsdale 
ranging from a few Hz to controlled by the value of a AZ 85257. 
several MHz. The capacitor single external capacitor The divide by 10 chain 
values needed will range from connected between pins 3 uses SN7490s in their con- 
300 uF to 30 pF. The output and 4. The tuning or output ventional arrangement. Once 
waveform is not exactly a frequency of the oscillator the layout of a single stage 
square wave in the truest within the range established has been determined, the rest 
sense since the on and off by the fixed external need simply be duplicated, 
times for each cycle are not capacitor is determined by a They can easily be wired on 
exactly equal. Normally, this variable 1 to 5 volt dc voltage perforated board stock as can 
will not make any difference, applied to pin 12. For the other ICs in the 
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R in Ohms 
C in Farads 
F in Hertz 


Fig. 3 . Simple RC fitter which will help round off square wave 
output so a quasi sine wave output can be obtained. 
Component values should be optimized using an oscilloscope if 
possible. 


generator. The original article 
provided a simple enlarged 
view of simple perforated 
board wiring for SN7490 
divide by ten units which is 
still valid. 

The divide by 2 and divide 
by 5 stages are all actually 
contained in one SN7490 
which sort of does double 
duty as a frequency divider. 

The construction of the 
generator depends on 
individual taste. It can be 
constructed as an ac powered 
unit or as a portable unit. As 
an ac powered unit, a simple 
power supply using an 
LM309K regulator is 
recommended. My portable 
unit was constructed in an 
approximately 3" x 4" x W 


metal enclosure. The per¬ 
forated board was just 
slightly smaller than 3” x 4” 
to fit the enclosure. Portable 
power can be supplied by a 
4/ 2 volt battery (Burgess 532 
or equivalent) or 3 type C or 
D cells connected in series. 
There are two main bypassing 
details, however, which must 
be observed for good per¬ 
formance and which are not 
shown in Fig. 2 for sake of 
simplicity. Each 1C must have 
a .1 uF disc capacitor going 
from its supply voltage 
terminal to ground. Also, a 
100 to 500 uF/10 V elect¬ 
rolytic must be connected 
across the battery terminals 
for a portable unit. 

The many uses of the 


generator have been con¬ 
siderably expanded by the 
update features described in 
this article. It can function as 
a highly accurate square wave 
frequency generator (down to 
fractions of a Hz) at any 
dividable frequency down 
from a crystal frequency 
reference. It can function as a 
highly accurate marker 
frequency generator in the 
HF or VHF range, depending 
on the crystal frequency 
reference used. It can 
produce basic frequencies or 
harmonic markers at any 
frequency up to VHF by 
means of its internal 
oscillator or by means of an 
external oscillator which is 
variable in frequency. It can 
serve as a crystal activity 
checker for almost all funda¬ 
mental and overtone type 
crystals. The combination of 
having a crystal reference 
frequency oscillator available 
in combination with a 
variable AF or RF oscillator 
allows comparison to be 
made so one does not fall too 


far out of range within any 
variable frequency range. 

A final word might be said 
about the output waveform 
of the generator. The output 
is a square waveform and 
hence quite rich in harmonic 
output. It cannot function as 
a pure, fundamental fre¬ 
quency sine wave generator 
and was never intended to do 
so. Reasonably good sine 
waves can be produced, how¬ 
ever, at any output frequency 
by suitable RC filtering. The 
situation is very similar to 
that of filtering a sharply 
"clipped” audio signal before 
it is applied to a modulator 
stage in a transmitter. Fig. 3 
provides the details of a 2 
stage RC low pass filter which 
can be built for any AF to 
HF frequency to provide a 
reasonable sine wave output. 
Of course, LC filters will be 
belter to get a pure sine wave, 
especially multi-section 
filters. The formulas for such 
LC low pass filters can be 
found in many reference 
texts on electronics. * 
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Who, me? A Pioneer? 


- - some fantastic frontiers are wide open 


T here hasn’t been a better 
time in the last fifty 
years than right now for the 
lone experimenter to do big 
things. There are still new 
frontiers that need exploring 
and some of these need just 
what the ham has to offer. If 


you have an unlimited 
curiosity about things elec¬ 
tronic, and if new ideas are a 
great adventure to you. now 
is your time — that is, if you 
would like to do some 
research on your own. 

Several areas that we 


would like to suggest are in 
the little known region where 
functions of the mind, body, 
electronics, and even 
communications just seem to 
overlap and blend. It’s a sort 
of gray area where life itself 
may some day be explained 
by the laws of electronics. 

True, it’s not exactly 
communications, so why 
bring it up in a ham 
magazine? Mostly because it’s 
an exciting new world of 
electronics for the ham to 
experiment with and because 
people in ham radio have 
such a versatile reserve of 
skills which can help. It’s 
work that can use talents 
ranging from those of simple 
measurements to advanced 
computer processing of 
complex data. 

It is a world where the 
mystics rush in and which 
most scientists prefer to 
avoid. Both groups are 
making noises, but few are 
coming up with any usable 
answers. With luck, the 
rewards to the experimenter 
could be great, and the right 
answers could change our 
whole way of life. 


In the recent mad dash of 
space age research we learned 
how to ask more questions 
than we are able to answer. 
New developments in 
instrumentation and methods 
of observation have shown us 
that a lot of things are 
happening that we just can’t 
explain. With the recent 
decline in research money for 
the big labs, and most of all, 
with ultraconservatism 
increasing in established 
science, many of these 

unanswered for a long time 
unless they are tackled by 
adventurous individuals. 
When these new horizons are 
finally explored, the ground¬ 
work will probably have been 
done in someone’s back 
room, garage, or on the 
kitchen table. But whoever 
does it will need an open 
mind, a lot of courage, and a 
thick skin to survive. A 
basketful of junk will also 
help. 

Many of the unanswered 
questions are very embar¬ 
rassing to the established lab 
worker because they cannot 
be answered on the basis of 



54 





facts that we now know. 
Many of the questions have 
been swept under the rug just 
to avoid the unorthodox 
answers that seem certain to 
follow. 

To compound the 
embarrassment, some of the 
observed phenomena are even 
related to folklore subjects. 
New measurement techniques 
verify that some old and odd 
effects really do exist, but it 
is not easy to explain 
why or how. To make things 
even more confusing, some of 
the more spectacular subjects 
have been seized by the 
occult and psychic groups 
and converted into mystical 
exhibits. Even some of the 
so-called researchers seem to 
be hung-up in a fantasy 
world. 

One question needing 
attention happens to be 
related to communications. 
What is really happening 
when people think they are 
communicating with plants 
and flowers? It sounds crazy' 
but there’s more to it than 
you may think. We have all 
seen the wild publicity¬ 
seeking stories of how plants 
think and can sense man’s 
feelings, both good and bad. 


Even electronic devices are 
being used to show how 
plants express their likes, 
dislikes, and fears. We must 
admit that when a meter 
moves to full scale, something 
must be causing it. Perhaps 
it’s time we found out what is 
happening. 

And here is where you will 
need some of the courage we 
mentioned. The people who 
are riding the crest of 
publicity will be quite upset 
when you prove that their 
great new mystic display is 
based on natural phenomena 
which you can demonstrate. 
Many of the people in the 
field of science are also quite 
narrow-minded. They will 
avoid you because you have 
been flirting with the mystics. 
I have been down this road 
before, with Kirlian photog¬ 
raphy. 

But somewhere a re¬ 
searcher is going to come up 
with some exciting new finds. 
Work in my own little lab 
leads me to believe that a few 
hams could put this whole 
plant dilemma in perspective. 
We will find that the 
phenomenon is based on 
sound principles, just like the 
night flying moth that uses 


microwave CW to 
communicate with its mate. 

All things seem to indicate 
that the plant, when it reacts, 
is only acting as a detector 
and is sensing the changes in 
radiation from the human 
body. These changes are 
caused by the thoughts and 
emotions of the researcher or 
someone near. We already 
know that some of the signals 
are in the infrared spectrum, 
but who knows yet what 
other forms of transmissions 
are present? This could be 
important. 

The plant, because its 
whole life process depends on 
forms of radiation, is simply 
acting as a transducer. Like 
the thermocouple, ther¬ 
mistor, or diode, it is merely 
converting a form of ra¬ 
diation into electrical 
impulses which can be read 
on ordinary instruments. The 
plant is not processing data 
and coming up with an 
opinion. 

However, there is another 
exciting possibility if you 
care to speculate and crawl a 
little farther out on a limb. 
The electronics and chemistry 
of the plant may also be 
acting as a detector for forms 
of radiation which we do not 
know about yet. At this time, 
our thinking and theories are 


all built around electro¬ 
magnetic radiation. Perhaps 
there are other forms of 
which we are not yet aware 
but which the right trans¬ 
ducer could detect. There 
might be other natural 
transducers even better. 

The well-known Dr. Rhine 
of Duke University fame 
proved in lab work that ESP 
involves a form of trans¬ 
mission that is neither time 
nor distance dependent. 
Perhaps it is time for some of 
us who specialize in detectors 
to try for some new answers. 
At this time there are at least 
six well-funded groups in the 
world trying to contact 
advanced civilizations in 
outer space. If people in 
outer space are as advanced as 
we would like to think they 
are, they may have long ago 
abandoned the use of slow, 
noisy, radio waves. Maybe we 
do need some new detectors. 
Perhaps your first far out 
space QSO will be using the 
old pine tree as a combined 
detector and antenna. Talk 
about the need for courage! 
You’d better be pretty well 
fortified when you tell your 
neighbor that you just 
received a message from 
Jupiter on the geranium. You 
may be lucky, though; he 
might just think you said 
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germanium and are only half 

But back to the serious 
business at hand; there is a lot 
of research needed in this 
area. We have found that 
certain plant leaves, even 
when removed from the 
plant, will give full scale 
readings on our instruments 
when a human hand is 
brought within four feet of 
the leaf. Just turning on a 
soldering gun across the room 
from the leaf will also 
produce full scale readings 
before the gun is hot enough 
to melt solder. A light beam 
on the leaf will do the same. 
But high background 
readings, even in a dark room, 
indicate that the leaf is also 
reacting to other signals. 
What are they? How about 
putting a leaf In a parabolic 
reflector? Where do we go 
from here? It’s as wide open 
as ten meters in a high 
sunspot cycle. 

Yes, this is unexplored 
territory, but there has been 
an occasional wanderer 
passing through. So don’t be 
surprised if you find a few 
footprints as you travel along. 
Fifty years ago John L. 
Reinartz, one of the early 
all-time greats in ham radio 
(IXAM, later K6BJ), was 
interested in the electric 
currents generated by living 
plants. 

There is no limit to what 
we may find now, with our 
new capabilities. All of the 
work with plants can be done 
with home-built electrom¬ 
eters and sensitive low 
frequency and dc voltmeters 
built from bargain ICs. It can 
be done on the kitchen table 
or in a corner of the garage. 

Another bit of research 
needed is even closer to ham 
radio. It is in the field of 
atmospheric electricity, or 
potential gradient. There has 
been a lot of work done here 
but much more is needed. 
Needless to say, lightning has 
been a headache for hams 
from the early days. But 
lightning is probably the most 
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publicized and least 
important part of the 
potential gradient story. 

There is a voltage differ¬ 
ence between the surface of 
the earth and the ionosphere 
of about 350,000 volts, with 
a continuous current of about 
50,000 Amps at all times. 
This is distributed over 
the entire surface of the earth 
and at any given point the 
current is very small. How¬ 
ever, the natural potential 
difference is vital to the 
balance of nature for the 
function of the human body 
and things that live above 
ground. One of the problems 
beginning to face us now is 
that with all of our electrical 
apparatus, power lines and 
such, we are destroying the 
original dc field. We are over¬ 
riding it with pulsating ac 
fields which can have an 
adverse effect on both mind 
and body. 

For a long time this idea 
was ridiculed by the scientific 
community. But just recently 
it was announced from 


Europe and verified by re¬ 
searchers in this country that 
people working in the vicinity 
of high tension power lines 
are developing health 
problems. This can also 
happen in the fields of other 
devices such as high power 
transmitters. Of course some 
of this work must be done by 
medics, but there is much 
that can be learned by the 
small worker. 

The high level surges from 
power lines or other electrical 
equipment are suspected by 
some of being capable of even 
resetting biological time 
cycles. Dr. Ross Adey 
(WB6DEX) of the University 
of California School of 
Medicine has done some 
excellent work in this field. 

It is known that altering 
the potential gradient within 
buildings can affect sleeping 
habits. In our own experi¬ 
ments we have found that 
restoring the voltage gradient 
in the home (artificially) can 
increase the ability to get a 
good night’s sleep. It also 


increased the feeling of well 
being and the ability to think 
better during waking hours. 

In office experiments, 
returning the gradient to the 
normal values decreased work 
errors by 50% or more. This 
in turn brings up other 
questions. What does the HV 
supply in the TV do to the 
voltage gradient in the room? 
Is it good or bad? Perhaps its 
overall effects are worse than 
the x-rays we worry about? 
All of these things can be 
researched with instruments 
and power supplies that many 
hams can construct at little or 
no expense. 

Still another of the 
interesting areas, which is 
somewhat related to potential 
gradient, is air ionization. An 
ion is just a particle that 
carries a charge. Of course 
they can be either positive 
or negative. The ions that we 
are interested in right now are 
air ions, or charged air 
particles. When the negative 
charges in the air that we 
breathe exceed the number of 
positive charges, we feel 
better, many respiratory 
ailments disappear, wounds 
heal faster, and all sorts of 
wonderful things happen. It’s 
just one of those great days. 
Positive ions can cause the 
reverse, such as that old 
dopey, draggy feeling. 
Rheumatism, asthma, circu¬ 
lation, blood pressure, and all 
sorts of problems get worse. 
The medical effects of ions 
on life have been well 
researched by reliable labs in 
this country and in Europe. 
But that is just about where it 
has stopped. Perhaps one 
reason is that plenty of usable 
negative ions are hard to 
come by. And here is where 
the ham could really get 
involved - in the hardware. 
No one has seemed to come 
up with an easy way to gen¬ 
erate negative ions without 
some unwanted side effects 
such as radiation, ozone, ex¬ 
cess heat and the like. 

As usual, the federal 
government has only made 



You don’t have to be crazy — but you'll never convince 
anyone else. 




matters more confused. A 
few fast-buck artists got into 
the field early and peddled 
some phony equipment. Now 
everyone must suffer because 
the Food and Drug Adminis¬ 
tration has made rules that 
severely limit work in this 
area. Like many other things 
that the FDA has done, much 
of it is without rhyme or 
reason. It is another case of 
bureaucratic sheepdogs 
chasing phantoms and 
barking “wolf.” However, if 
you don't hang out your 


shingle you are on safe 
ground. 

There are many other un¬ 
explored areas, like the 
Lakhovsky effect, for those 
who like the unknown. 
Lakhovsky was a Russian 

demonstrated years ago that 
bursts of low level broadband 
rf power in the microwave 
region would cause malignant 
growths, on both man and 
plants, to dry up and 
disappear. No harm was 
suffered by the patients. He 


proved his point in large 
hospitals in both Europe and 
this country. But like so 
many such discoveries, it was 
a good demonstration and 
that is where it stopped. 
Lakhovsky was not an M.D.; 
he was an engineer. This ruled 
out any use of his discovery. 
To close the incident, such 
effects as he demonstrated 
were theoretically impossible 
and therefore did not exist. 

These are only a few of 
the fields that are electronic- 
related and are ripe for 


research. They also offer the 
chance to be tarred and 
feathered by our progressive 
and advanced society. 
However, considering that 
ham radio is a hobby that 
cuts across all professions and 
businesses, there is probably 
no group with more contacts 
to call on for help or ad¬ 
ditional information. As 
usual, some of your best help 
might come from your local 
politician. If worse comes to 
worst, you might end up with 
a job bugging . . plants. ■ 



FCC are tired of seeing me come in. | have vour latest magazine at hand 
pay my four bucks, and then blow the w j,h the cover copy, "Hey. CBersI" 


code test time and time again. My | have been a Novice for about 
copy is good at home, but as your ad seven months now and have had quite 

says, the steely-eyed monsters at the a bit of "on the air experience." My 

candy factory scare hell out of me. No question is. "Why should any CBer 

kidding! I'm a big boy now and I feel want to change to ham?" Every time I 

that your tape is the answer. I'm not ma ke a good contact with someone, 

afraid of the truth. there is always another station that 

I know that you most likely get comes right on without listening, and 

tired of reading idiotic letters like this starts calling. I in return simply QRT 

one, but your editorials and magazine because it isn't worth it to continually 
in general has been the uplift that I buck this sort of thing. At least the 

needed to rekindle my interest in ham CBer asks for a break and goes to 

radio. I thought that everything had another channel for the QSO. He also 

to be technical and impersonal with thanks you for the break. The CBer 

no fun, as depicted in other maga that I am in contact with is courteous 

zines. I admire your straightforward and interested only in good clean 

approach to state what you think is contacts and signals. He is interested 
right or wrong - whatever the subject. jn good relations, and is an addition to 

Keep it up - that's what our society his community and the many other 

needs more of. CBers. 

John J. Dippel, Jr. WA3YPS As far as rules are concerned. I can 
Baltimore MD find as many offenders on the "ham 


band" as I can find on the CB 
channels. I have heard deliberate jam 
ming, obscene language, lack of 
courtesy, operators using their equip 
ment wrongly, and even solicitation. 

also that, before bragging too much 



Louis Johnson WN1WHE 
Shelburne Falls MA 



The Mount Airy VHF Radio Club 
(The Pack Rats) is pleased to an 
nounce that the Colombian moon- 
bounce expedition was an unqualified 
success. We accomplished the follow 
ing: 1) first 432 EME contact from 
South America; 2) first OSCAR 7 
Mode "B" contacts from Colombia; 3) 
a total of 16 stations were worked on 
432 EME. representing eight different 
countries; 4) there were approxi¬ 
mately 75 OSCAR 7 Mode "B" con 

The station (HK1TL) was operated 

Souza W3HMU. S. William Olson 
W3HQT, Walter Bohlman K3BPP, 
Elliott Weisman K3JJZ, Daniel Mitten 
WA3NFV, Socrates Martinez 
WB3AFY/HK1CWB. Boblmar Aguilar 
WB3AOP/HK1AMW. 

The trip was financed by the indi 


following: unidentified Pack Rat 
member, Mount Airy VHF Club 
treasury, Collins Radio, Northern Cali¬ 
fornia DX Association. 

We deeply appreciate the South 
American coordination of HK1BYM, 
Dr. Atenogenes Blanco, and the com 
plete support of the Area-2 Radio 
Club of Bamanquilla, Colombia. 

We would also like to acknowledge 
the stateside liaison work of W3KKN. 
Ernie Kenas, and W3TNP, Bertha 
Kenas. This liaison work was instru 
mental in developing new EME 
schedules. QSL via HK1TL, Box 169, 
Ottsville PA 18942. 

Elliott T. Weisman K3JJZ 
Philadelphia PA 


of 73. It is a real nice magazine you 
are putting together. The pictures and 
diagrams look a lot better this way. 

Our repeater, WR4AQR, is full of 
gadgets copied from 73: I built the 
autopatch around an article printed 
in 73 a couple of years ago. I changed 
a few things around, like three digits 
to activate and three to deactivate, 
canceling activation if the digits are 
not pressed in less than four seconds, 
avoiding false triggering, time out 
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Dave Ingram K4TWJ 
Eastwood Village =604 N. 
Rt. li. Box 499 
Birmingham AL 35210 


The Shirt Pocket Touchtone 


- - autopatch from your HT or car 


T his article describes a 
simple and inexpensive 
touchtone encoder which can 


be built within an hour or 
two and used with any FM rig 
for autopatch operations. 



Since the encoder is quite 
small, it is ideal for both 
mobile and portable work. 
When not in use, it can be 
concealed in an auto’s glove 
box or carried in a shirt 
pocket. Connection to the 
FM rig may be acoustical or 
electrical as desired, thus per¬ 
mitting the pad to be 
swapped between several 
setups. 

This little gem consists of 
a small ‘‘SME’’ touchtone 
generator manufactured by 
Data Signal, Inc., of Albany, 
Georgia, and any common, 


small transistor radio. The 
touchtone pad is mounted on 
the transistor radio, using its 
audio section for amplifica¬ 
tion. Output tones can then 
be fed into the mike of your 
FM rig. Data’s inexpensive 
“SME" is sold in two parts: 
the printed circuit board tone 
generators and the keyboard 
proper. As several inter¬ 
changeable keyboards are 
available, you can choose one 
which suits the particular 
transistor radio used. 

Getting Started 

First, select a touchtone 



Fig, 1, Complementary-symmetry output of inexpensive tran- 
Front view of touchtone encoder. Unit fits comfortably in sistor radio. Note use of 100 uF capacitor to facilitate mixing 
shirt pocket. positive and negative ground circuits. 
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transistor radio. 




Fig. 4. Positive ground radio. 


encoder and a small transistor 
radio which will look profes¬ 
sional when mated together. 
Pick a radio with a straight¬ 
forward audio circuit and 
negative ground (if possible). 
Make sure it has a long, flat 
loopstick antenna approxi¬ 
mately the size of your 
encoder’s printed circuit 
board. Most inexpensive 
radios use complementary- 
symmetry outputs similar to 
that shown in Fig. 1, while 
slightly more expensive radios 
use push-pull outputs similar 
to Fig. 2. Next, check out the 
radio's audio section when 
tones drive the isolated ampli¬ 
fier stage. This is best accom¬ 
plished by connecting the 
encoder output to the wiper 
and one end of the volume 
control (you can also connect 
tones between the diode 
detector output side and 
ground, if the volume control 
method presents a problem). 
Clip lead jumpers are handy 
for this preliminary test. 

Construction 

If everything works 
properly, you are ready for 
the brutal part. Remove the 
radio's printed circuit board, 
and then detach the loopstick 
antenna and main tuning 
capacitor. Remove the tuning 
dial (if it wasn’t removed 
along with the tuning capaci¬ 
tor) and any ornamentation 
covering the selected key¬ 
board mounting area. Put the 
touchtone keyboard in place 
and mark the area which 
must be cut to allow proper 
fit (the keyboard's furnished 
paper template is ideal for 
this purpose). Now, carefully 


drill the necessary area to 
clear your keyboard’s con¬ 
nectors. (This area can also be 
melted with a small, low 
wattage soldering iron.) I 
suggest that you make small 
oval connector openings, 
leaving the maximum amount 
of surface for pad support. 
After you become accus¬ 
tomed to working with 
plastic, you can move and 
reweld any printed circuit 
board supports removed 
during the previous drilling 
process. Next, drill four small 
holes for the pad corner studs 
and place a fine layer of 
cotton on the keyboard 
mounting surface. Now 
mount the pad, check to see 
that it isn’t being bent or 
warped, and then lightly glue 
it in place. 

After the glue dries, solder 
all connecting wires to the 
keyboard and tone generator 
board. Solder encoder ground 
and audio output wires to the 
radio volume control, and 
then reinstall the radio board 
while keeping everything 
intact and neat. The tone 
generator board can now be 
fitted into the loopstick 
antenna space. The final step 
involves connecting positive 
voltage to the encoder board. 
If you picked a negative 
ground radio, this is quite 
simple: just run leads to the 
switched nine volts, as illus¬ 
trated in Fig. 3. If doubtful, 
use a VOM to find convenient 
take-off points and to make 
sure that low current isn’t 
drawn while the unit is off 
(the SME doesn’t draw cur¬ 
rent until a button is 
depressed). If you picked a 


positive ground radio, the 
encoder circuit will require 
grounding for ac (tones) but 
not for dc (nine volts). An 
arrangement which accom¬ 
plishes this is shown in Fig. 4. 
The 100 uF capacitor passes 
tones while preventing dc 
from shorting the battery. Be 
sure the encoder and radio PC 
boards are not grounded 
together, and all will work 
fine. 

The output level is adjust¬ 
able with the radio’s volume 
control. If your autopatch 
repeater is critical of tone 
amplitudes, just mark the 
exact tone level spot on the 
volume control knob. 

Should you desire to elec¬ 
trically connect the encoder 
to a mobile rig and acousti¬ 
cally couple it to a handie- 
talkie, then make a small 
cable to use between the 
radio’s earphone jack and 
your mobile FM rig. When 
using this method, best per¬ 
formance is realized by con¬ 
necting the encoder output 
between ground and wiper of 
the FM rig’s internal devia¬ 
tion potentiometer. This 
method eliminates any 
clipping or reshaping of tones 
that occur in the rig’s audio 
section. (This modification is 
easily performed on gear like 


the TR-22. Reconnect 
speaker leads to bypass the 
front panel earphone jack, 
and then connect a wire from 
the deviation pot to the ear¬ 
phone jack "tip." Tape any 
exposed wires.) 

Other Applications 

Earlier, I suggested that 
you lightly glue the touch- 
tone pad to the transistor 
radio. Should you later 
decide to mount this touch- 
tone encoder onto a specific 
FM rig, cut the pad corner 
mounting studs and carefully 
work the pad loose (use 
fingernail polish remover if 
necessary). Cut connecting 
wires and remove both parts 
of encoder. Avoid resoldering 
to the pad — it’s quite 
delicate. Now mount the 
complete works in your new 

rig- 

Conclusion 

During recent years, I have 
used several other touchtone 
encoders and they all had 
similar problems: They were 
inflexible and bulky. This 
little encoder is so small and 
handy that I can carry it 
anywhere, anytime. I think 
you, too, will enjoy owning 
and using such an interesting 
ham conversation piece. ■ 








Jack Grimes W4LLR 
Box 16004 
Memphis TN 38116 


Put Your Name 
in Lights 


- - giant nixie message display 


T he Burroughs giant nixie 
B7971 readout is one of 
the most intriguing devices to 
appear on the surplus market. 
Simple, single message dis¬ 
plays are easy to construct. 
(See Nov/Dec 73 Magazine.) 
Using the nixies in a clock 
requires only a few more 
parts than the usual LED 
readout chronometers and is 
well worth the effort. 

But casual thoughts on the 
subject of building a changing 
word sign conjured up visions 
of a complex, computer logic 
matrix, a project this old, 
middle-aged ham thought 
better left to the 1C genera¬ 
tion. 

However, like many other 
conclusions reached without 
proper cogitation, this one 
had no basis in fact. 

Unfortunately, keeping 
beans (and occasionally meat) 
on the table, gas in the Ford, 
and two jumps ahead of the 
utility company and Ma Bell’s 
collection departments re¬ 
quires a bread and butter job. 
Mine happens to be in the 
sales field. A part of my 
duties includes setting up and 
manning a booth at various 
conventions. For the past 
year, each time I set up the 
booth and hung the same 
wrinkled banner used for the 
past ten years, I would think 
how attractive a nixie display 
sign would look. Then, 
further dreaming, I would 
picture in my mind a 
changing letter display with 
the product name alternating 
with a hard hitting sales 
message. The changing letters 
would have to attract atten- 

So, finally, I began dood¬ 
ling, figuring out the words 
and combinations I would 
need, and how and when and 
which segments would need 
to light. 

One key fact was imme¬ 
diately apparent: The lighted 
segments needed to form the 
two messages would be con¬ 
tained in three strings: 

1. “A” Segments common 
to both sets of words and 
numerals. 


2. "B” Other segments 
connected together, which, 
when added to the common 
segment string, would form 
the first message. 

3. "C” The third string, 
when combined with the 
common segments only, 
would form the second 
message. 


With this obvious and 
simple discovery, the com¬ 
plex job had now become 
commonplace. All that was 
necessary was to wire the 
segments that were common 
to both messages so that they 
would stay lighted at all 
times. Then, by switching on 
either of the other strings a 


message would be formed. A 
simple, single pole, double 
throw toggle action would 
complete the display. 

There were several ways 
this could be accomplished: 
mechanically, with a geared 
motor and cam; with tubes 
and a polar relay; or with 
switching transistors. 

Resisting the temptation 
to revert to tubes, I turned to 
solid state. As usual, a persual 
of my available magazines 
turned up no information. So 
I started from scratch. 

The 555 1C looked like the 
ideal timing device. Tying it 
to a flip flop (7476 or 7473) 
would give two positive 
voltages of opposite timing 
and selected duration. This 
voltage, I reasoned, could be 
used to turn on transistors in 
the negative leads of the nixie 
segment strings. 

Actual construction of a 
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Fig. 1. Two center tines — first message. Top and bottom tines 
—- second message. Only nixies in first message used to form 
second message. Two center tines change to form message 
shown here in top and bottom tines. 


















changing letter display of 
your choice is relatively easy. 
First, you must decide what 
you wish to say in each of the 
two messages. Then count the 
letters in the longest message. 
You will need this many 
B7971 nixie tubes and 
sockets. 

(Let me say here that the 
article on simple displays in 
the Nov/Dec issue of Z3 pro¬ 
duced more reader correspon¬ 
dence than any article I’ve 
ever written for any magazine. 
Most wanted to know where 
to get the nixie tubes, which 
had been advertised in the 
May issue of 73. At this 
writing, less than a week ago, 
I received tubes from Meshna, 
Lynn, Mass. A friend pur¬ 
chased six from Fair Radio 
Sales. All I can say is, watch 
the ads, and write to the 
surplus dealers.) 

I found the easiest way to 
lay out the sign was to print 
the longest message in the 
center of a page, and the 
second message above (if a 
single line) or above and 
below (if a double line). See 
Fig. 1. 

The next step was to code 
the letter segments. First I 
used a red Flair pen and drew 
(over the light pencil mark¬ 
ings) all segments which 
would be common to both 
messages. Then the segments 
necessary to complete the 
first message in another color. 
And finally, the additional 
segments to complete the 
second message in the third 
color. 

Once this task was com¬ 
pleted, the sockets for the 
nixies could be arranged and 
mounted on the appropriate 
size sheet of plywood. If the 
sign contains two rows, the 
upper row of nixies should be 
mounted upside down. In this 
manner the sockets and 
wiring may be concealed by 
the cabinet frame. If you 
have bought the nixies with 
driver boards, use the alum¬ 
inum brackets and sockets as 
removed from the boards. 

The anode (pin 13) of 


each nixie is fed high voltage 
through an 800 to 1,000 
Ohm resistor. (This resistor 
must be of a higher value if a 
higher voltage source is used.) 
All common segments are 
connected together and 
directly returned to the nega¬ 
tive (-) terminal of the 150 V 
dc supply. The two other 
segment strings are tied 
together in a similar manner, 
but each of these strings 
terminates at a switching 
transistor. I used wire, the 
same colors as the sketch, 
which made it easy to correct 
mistakes. I also found it best 
to wire “live,” with the 
voltage applied to the anodes, 
and with a test probe con¬ 
nected to ground. In this 
manner, a touch of the probe 
showed which segment was 
being wired. 

The power supply must 
provide two voltages, 5 V 
regulated, and 150 V dc. I 
used a half wave line voltage 
rectifier for the 150 volts. 
The low voltage supply is 
obtained from the rectified 
output of a small filament 
transformer and may be from 
6.3 V to 12.6 V. I used a very 
small clock transformer giving 
9 V ac. An LM309K provides 
the regulated 5 V. 

The 555 circuit is 
standard. You may wish to 
change the 1 uF capacitor 
(Cl) for a different display 
interval. 

Only one half of the 7476 
is used. 


Fig. 2. 

The only problem en¬ 
countered was getting the 
right switching transistors for 
a clean on-off break so that 
no residual flicker remained 
on the turned off segments. 

First, I tried driving the 
switching transistors directly 
with the 7476, but spikes 
coming from the high voltage 
nixie supply were too much 
for the 5 V 1C. 

All four driver transistors 
are NPN, and all are small, 
low wattage. The actual 
switching transistors used are 
2N4970s (300 V, NPN). The 
isolation transistors are old 
UL624s, also NPNs removed 
from the surplus nixie boards. 

A scope is not needed, as 
all measurements needed may 
be made with a VOM. Of 
course, when the power 
supply is complete, be sure 
the LM309 is doing its job 
before applying power to the 
7476. If the 555 stage is 
working properly, you will 
read, at pin 3, approximately 
+4 volts, turned on, then off. 
If you use the 7476, the same 
voltage will be read at pins 14 
and 15 (pins 5 and 6 with the 
7473). 

A printed circuit board 
would, of course, be the ideal 
way to wire the power supply 
and timer circuits. However, 
since this was a one of a kind 
project, I hand wired, solder¬ 
ing directly to the 1C pins. A 
couple of hints for this type 
of construction: Use one 


strand from a small stranded 
wire to make the connections 
to the 1C pins. Drill small 
holes through the board, 
looping the wire, up and back 
down to keep it secure and to 
provide tie points into heavier 
wire. 

After the project is com¬ 
plete, mix clear five minute 
epoxy and apply to the fine 
wiring beneath the board. 
This makes the wiring prac¬ 
tically immune to breakage, 
and is especially important if 
you intend to haul the sign 
around. 

The cabinet may be con¬ 
structed of any suitable 
material. I used plywood and 
1 x 2 inch moulding for the 
framing, glued together. 

One added thought: My 
particular sign contains an 
abbreviation, PCT. The 
period is formed with an NE2 
and a 100k resistor wired in 
series between pin 13 of a 
nixie and segment string “C”. 
Any small additional punc¬ 
tuation may be made in this 
manner. 

Those of you who are in 
business will find many uses 
for a changing letter display. 
Others may end up with a 
novelty such as BAR OPEN / 
DOWN THE HATCH, or an 
alternating house number and 
street name, which would be 
a real conversation item. 

So get out your scratch 
pad and start doodling. Who 
knows what you might come 
up with! ■ 
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D igital displays are 
beginning to show up 
everywhere — from 
sophisticated electronic 
equipment to everyday items 
such as ranges, clocks, 
calculators, and wristwatches. 
There are presently two basic 
watches available: One has a 
liquid crystal display and the 
other an LED with a 
push-button switch to 


conserve battery power. In 
other words, with an LED 
digital wristwatch you still 
need two hands to tell time. 

Actually, each new 
application of a digital 
display has resulted in 
continued improvements of 
display capabilities. For 
example, the present state of 
the art has evolved through 
incandescents, cold cathodes 
(neon, gas discharge or 
plasma), fluorescents, light 
emitting diodes (LED), and 
liquid crystal displays (both 


dynamic-scattering and the 
newer field effect types). 

With new advances being 
made very day, perhaps it 
would be beneficial to review 
the many digital displays 
available and provide you 
with some information on 
how to apply them in your 
next project. My own 
experience has been that 
unless you have complete 
data on the particular device 
you are using, problems can 
arise through misapplication. 


Perhaps this article will serve 
to acquaint you with the 
characteristics of each device 
and serve as a handy 
reference. Emphasis will be 
on liquid crystal displays 
since I feel these devices will 
dominate the display field in 
the future. 

Display Types 

It would not be 
appropriate if we did not 
begin our tour with the 
NIXIE (a trademark of 
Burroughs). This device is one 


Liquid Crystal Display Guide 

-for low, low, low power consumption 


Display Height 

Model (inches) 

3601 0.6 

3501 0.47 

3401 1.12 


7543 (R/T) 0.5 

7544 (R/T) 0.5 

7560 (R/T) 0.5 


701 

702 

703 
705 


Drive Power 

Voltage Consumption Remarks 


Manufacturer Available From 


15-20 Vac 
15-120 Ha 


2.25 mW 3Vi digit instrument display 

1.5 mW 8 digit calculator display 

3.75 mW 3Vi digit clock display 

(all segments 


Hamlin. Inc. 

Lake & Grove St. 
Lake Mills, Wis. 
53551 


KA Electronic Sales 
1220 Majesty Dr. 
Dallas, Texas 
75247 


Transmissive: 
4-6 V ac @ 
30-1000 Hz 
Reflective: 
9-15Vac@ 
30-1000 Hz 


0.5 uA 3VS digit instrument 

all segments on 4 digit 24 hr. clock 

6 digit counter display 


Liquid XTAL Various 

Display Inc. Distributors 

24500 Highpoint 
Rd„ Cleveland 
Ohio 44122 


3 or 6 V ac 


25-100 Hz 


1.0 uW 

average power 
for all digits 


12 hr. watch display 

24 hr. watch display AI1 

12 hr. watch display Field 

354 digit watch with Effect 


Beckman Inst., Various 
Inc., Helipot Div. Distributors 
Fullerton, Ca. 


30 to 100 Hz 


Field effect type 
3% digit instrument 


ILIXCO 


Solid State Sales, 

Inc., P.O. Box 617 
Columbia, Md. 65201 


Fig. 1. Typical liquid crystal displays available with general characteristics for each type. The low voltage types (7 V ac or less) 
are field effect types, while the 15 V ac models are usually dynamic-scattering types. 



of the oldest electronic 
displays available and it has a 
different element for each 
numeral 0 to 9. An obvious 
disadvantage of this display is 
that each of the numerals is 
on a different plane, besides 
requiring a very high 
operating voltage. Despite the 
initial drawbacks, these 
displays have served us well 
and we continue to see them 
used in various pieces of gear. 

The next phase in the 
development of displays 
evolved into the seven seg¬ 
ment variety with which we 
are all so familiar. There are 
several different types, one of 
which uses incandescent 
lamps to light each segment. 
New methods have greatly 
increased the reliability of 
incandescent displays and we 
are seeing lifetimes of 
100,000 hours as evidenced 
by the Chicago Miniature 
Lamp CMS. The main 
advantages to incandescents 
are brightness and the 
availability of full color with 
proper filters. 

Gas discharge displays are 
seven segment devices which 
operate with a high anode 
voltage in the neighborhood 
of 100-180 volts, but feature 
low power consumption. An 
example of this display is the 
familiar Burroughs Panaplex. 
A high potential between the 
anode and the cathode char¬ 
acters causes the segment to 
glow, much the same as a 
neon tube. A resistor is 
usually connected in series 
with the display to limit the 
current to a safe value. 

Fluorescent displays, on 
the other hand, incorporate a 
small filament in the display 
which effectively lowers the 
ionization potential. They 
feature lower voltage (20-30 
volts), and low power con¬ 
sumption, and emit a 
blue-green color. The main 
disadvantage is the 
requirement of power for the 
filament, usually 1 or 2 volts 
@ 40-50 mA. However, the 
lower anode voltage makes 
the fluorescent display easier 


Parameter 
Capacitance 
Above Threshold 
Capacitance 
Below Threshold 
Resistance 
Above Threshold 
Resistance 
Below Threshold 
Drive Voltage 

Power Consumption 
(354 digit watch) 


Scattering 
5-35 pF 
(per segment) 

2-15 pF 

1-10+ megohms 
500k-5 megohms 

12-20 Vac 
50 uW 


Field 
Effect 
5-35 pF 
(per segment) 
2-15 pF 

400+ megohms 
200+ megohms 
2-8 Vac 


Fig. 2. Typical characteristics for liquid crystal displays. Note 
the total power consumption at the bottom of the chart. By 
comparison, a 3'A digit LED watch display consumes 60 mW 
or 60,000 times as much power as the field effect LCD. The ac 
drive voltage may range from 25 Hz to 1 kHz although 32 Hz 
is typical for battery operated equipment and 60 Hz for line 
operated equipment. 


to multiplex, which is the 
reason you may see them in 
desk-top calculators. 

Now enters the light 
emitting diode (LED) on the 
scene and it becomes a whole 
new ball game. The LED is 
solid state and is usually 
made from gallium arsenide 
phosphide or gallium 
arsenide. Each of the seven 
segments usually consists of 
one or more LEDs whose 
brightness is dependent on 
the current applied (up to a 
point). 

LEDs are susceptible to 
failure from overcurrent 
conditions and/or too high an 
inverse voltage. They are 
available in either 7 segment 
or dot matrices which can 
display alphanumerics. 
Usually red in color, yellow 
or green displays can be 
obtained at a slight premium. 
Until recently, they were 
available with character 
height from 0.1 to 0.8”. 
However, one manufacturer 
has just announced a 1.0" 
LED which uses two diodes 
per segment, requiring a lar¬ 
ger power consumption. The 
display from IEE, Inc., 
requires 3.3 volts @ 20 mA 
per segment and is 0.5” wide, 
giving it a slimmer appearance 
when compared to other 
LEDs. LITRONIX has also 
followed suit with the 


announcement of a new 1.0” 
LED display. 

LED 7 segment displays 
are either common cathode 
(decoder/driver provides 
source current to the 
display), or common anode 
(decoder/driver sinks current 
from the display). Up until 
now, LEDs have dominated 
the display field, but as we 
will be seeing, a new 
generation of devices is about 
to emerge. 

Liquid Crystal Displays 

We are all aware that the 
liquid crystal display 
(although the effect was 
discovered many years ago) 
has taken a back seat to 
other, more popular, displays. 
This is not too surprising, 
since early LCDs had life 



Fig. 3. Functional block 
diagram for the CD4055A 
BCD-to-7 segment decoder / 
driver with “display fre¬ 
quency” output. 


expectancies of less than 
5000 hours and would fail 
completely if operated below 
-20° C. The problems 
experienced when it was first 
introduced have hampered 
the LCD in gaining 
popularity. In spite of this, 
the LCD has some important 
advantages that are worth 
considering. 

Of all available displays, 
LCDs are the only ones that 
do not generate light. Rather, 
they scatter any light striking 
the display’s surface. The two 
basic types are reflective 
(requiring illumination in 
front) and transmissive 
(which requires light from the 
rear). Since these devices do 
not generate light, they have 
the lowest power consump¬ 
tion requirements of any 
display developed to date. 
For example, the RCA 
TA8046R 3/2 digit watch dis¬ 
play with all segments ener¬ 
gized requires a total current 
of 1.0 uA @ 15 volts! The 
average device dissipation 
(with 70% of segments ener¬ 
gized during a 12 hour 
period) is only 10.5 uW. 

While another advantage is 
readability in highly ambient 
light conditions, the LCD has 
a disadvantage of low 
readability in dimly lit areas. 
This, however, is being 
overcome with back lighting 
which is turned on for a 
reading in the dark. This does 
not offset the LCD’s low 
power consumption, since 
studies have shown that 
watches are read very seldom 
in the dark. 

Also, power consumption 
is dropping to even lower 
levels. With the development 
of field effect LCDs, it’s 
possible to have a 200 mil 
high, 3/2 digit LCD display 
that draws a total of 200 nW. 
Life expectancy is also 
increasing, with some units 
up to 100,000 hours. 

Applications 

The predominant 
application of the liquid 
crystal display to date has 




been in wristwatches, mainly 
due to their low power 
requirements. These displays 
are usually about 0.17” in 
height and a typical 3*/j digit 
watch display can operate for 
a full year from a single dry 
cell watch-type battery. 

You may be asking your¬ 
self, if the LCDs are so great, 
why haven’t they appeared 
more in projects and articles? 
Perhaps the past reasons have 
been unfamiliarity of how to 
apply LCDs, price, or unavail¬ 
ability from the usual distrib¬ 
utors. Notice I said "past 
reasons," because things are 
beginning to change fast and 
the LCDs are looking better 
every day (see Fig. 1). 

Besides low power 
considerations, LCDs are 
ideal for use with CMOS 
circuits. It is now possible to 
construct compact portable 
equipment that can operate 
over extended periods of time 
from lightweight batteries. 
Also, for line-powered 
systems, the mating of LCDs 
and CMOS simplifies the 


driver circuitry, and 
eliminates current-limiting 
resistors. 

Before you can properly 
apply LCDs, it will be 
necessary for you to put 
some of the LED techniques 
aside and consider a few new 
ones. To begin with, think of 
an LCD segment as a voltage 
dependent resistor in parallel 
with a capacitor instead of a 
diode as with the LED. The 
resistance of the segment is 
high above its threshold 
voltage and low below the 
threshold voltage. By now 
you may be realizing a 
primary difference between 
LCDs and LEDs: An LCD 
requires an ac voltage to 
operate and will actually be 
damaged by the application 
of dc. Consequently, driver 
circuitry is different, but in 
many cases less complicated 
than the LED driver. The 
basic parameters for both 
dynamic-scattering and 
field effect units are sum¬ 
marized in Fig. 2. 

In addition, LCDs are 


temperature sensitive. Where 
an LCD is brought below or 
above its rated operating 
temperature range, it loses its 
liquid crystal characteristics. 
However, the condition is not 
permanent and the effects of 
temperature are reversible. 
When the LCD is brought 
back within its operating 
range, it will function again. 

CMOS - LCD Decoder/ 

For a decoder/driver the 
Motorola MC14511 and 
MCI4543 or RCA CD4055 
and CD4056 can be used to 
drive the display (see Fig. 3). 
Also, there are many large 
scale integrated circuits 
available that provide parallel 
drive and eliminate external 
circuitry. 

The RCA CD4055 and 
CD4056 are single digit 
BCD-to-7 segments that 
provide level shifting of the 
output. For example, output 
voltage swings of 0 to -3 volts 
or 0 to -15 volts are possible 
to drive either dynamic¬ 
scattering or field-effect 
displays. Fig. 4 shows a 
typical circuit for a clock 
display. 

The CD4055A is a very 
versatile decoder/drivcr which 
can also be used for either 
common anode or cathode 
LEDs as well as LCDs. For 
example, if the DF input is 
maintained in a "low" state, 
the output segments will be 
“high” when selected by the 
BCD inputs. If the DF input 
is maintained in a “high” 


state, the output segments 
will "low." To drive an LCD, 
a square wave at 30 to 200 
Hz is fed to the DF input. 
The selected segments will 
have a square wave output 
which is 180° out of phase 
with the DF input. When the 
DFout is level shifted 
(DFout) and applied to the 
LCD common line, the 
selected segments will be acti¬ 
vated and displayed. 

Where to Obtain LCDs 

At present, I know of only 
three electronic suppliers 
catering to the ham market 
who advertise LCDs. Poly 
Paks has a small RCA 
wristwatch (3’/j digit) display 
available, and KA Electronic 
Sales (Dallas) handles the 
Hamlin line of LCDs 
including a 3'/i digit instru¬ 
ment (0.6" height), clock dis¬ 
play (1.12” height) and an 8 
digit (0.47” height) calculator 
display. Also of interest is the 
LCD sold by Solid State 
Systems, Inc., which is a field 
effect type from ILIXCO. 
This LCD is a 3'A digit (0.4" 
height) instrument type dis¬ 
play and sells for $7.75 in¬ 
cluding the connector. 

So let's get busy and start 
designing some equipment 
using liquid crystal displays. I 
think you will be pleasantly 
surprised with the results. ■ 
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Self-Powered 

Mike Preamp 


- - when you need to SPEAK UP 


W hile operating differ¬ 
ent SSB transceivers, 
I've noticed the difference in 
transmit audio gain between 
the different rigs on the 
market. The obvious solution 
for making up the gain neces¬ 
sary was the addition of a 
microphone preamp to each 
rig. After researching the 
literature for mike preamps, I 
soon discovered that most 
preamp circuits were too 
complicated or required 
power from the rig itself. A 
solution seemed to be battery 
operation of the preamp so it 
could be operated indepen¬ 
dently and be used with all 
rigs without any modifica¬ 
tions necessary. My favorite 
hand mike is a Turner model 
350C, which uses a ceramic 
element. A mike preamp was 
designed to boost the low 
level from the ceramic ele¬ 
ment to a more respectable 
level. The preamp was small 
enough to permit installation 
into the mike case itself, 
including the battery. 

The three design objectives 
were small size, low power 
consumption, and operation 
over a wide battery voltage. 
Fig. 1 shows the design used 
to permit the use of an ex¬ 
tremely small circuit board 
size. All components, if 
mounted on end, will fit on a 
tiny 1.5cm x 1.5cm vector- 
board. This small board will 
fit inside of the Turner case 
as well as the case of any 
hand mike. The preamp is a 
common source amplifier 
with a gain of +20 dB. The 
frequency response is flat 
from 200 Hz to over 100 
kHz. Because of the single 


FET stage and small voltages 
amplified, the power con¬ 
sumption during use is less 
than 200 uA. When not in use 
the power consumption is 
zero, permitting long battery 
life. Since the small circuit 
board easily fits into the 
Turner case, the only prob¬ 
lem left was the placement of 
a battery. I found an 
Eveready 15 volt battery 
ideally suited for powering 
the preamp. The preamp 
circuit was designed to work 
down to a battery voltage of 
7 volts, so the battery could 
be used as long as possible. 
Since the current is drawn 
from the battery only during 
transmissions, the battery 
should last nearly as long as 
its shelf life. The preamp has 
been left in the on mode for 
over a month before preamp 
failure due to low battery 
voltage. 

The Eveready battery 
chosen is designated by the 
number 411, and costs less 
than $1.75 in single quan¬ 
tities. Its dimensions of 
3.2cm x 2.5cm x 1.6cm 
allow it to just fit inside of 
the Turner case, as shown in 
Fig. 2. The battery rests on 
top of the mike cord where it 
enters the case, causing a 
clearance problem. This 
problem was resolved by care¬ 
fully melting down the plastic 
cable strain relief channel 
with a soldering iron. The 
mike cord can then be pushed 
slightly deeper into the case, 
providing more room for the 
battery. 

The push-to-talk switch 
was wired to disrupt the 
preamp output when not in 


use. A small power diode 
capable of handling the push- 
to-talk relay circuits was 
added to disable the preamp 
when not being operated. A 
small signal diode was 
inserted in series with the 
battery to prevent the reverse 
biasing of it during receive. 

Since this mike preamp is 
self-powered, it can be used 
with any rig lacking in 
transmit audio gain. Since 20 
dB of gain is used, overdriving 
the transmitter might be 


possible. The transmitter’s 
mike gain will probably have 
to be adjusted to a low value 
to prevent excessive drive. 
The self-contained battery 
should last over a year, even 
with daiiy use of the mike. 
Although modifications were 
done on a hand-held Turner 
mike, the same circuit will 
work with other ceramic or 
crystal hand-held mikes, as 
well as with desk mikes. The 
only consideration would be 
the battery size. ■ 
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Fig. I. Diagram of the preamp, which fits into the mike case. 
The unit requires less than 200 uA during use, and no current 
when not in use, permitting extended battery life. A small 
vectorboard is used to mount all components. 



Fig. 2. Pictorial of the inside of the Turner case, which is 
similar to other types. The preamp circuit board and battery 
easily fit into the cavity. Battery terminals are soldered too, 
since a socket would not fit. 
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See the World and Get Paid! 

- - merchant marine radio officers: 
part I 


A radio officer is a 
licensed United States 
Merchant Marine officer. He 
is a civilian who holds a dual 
license: a (minimum) second 
class radiotelegraph Federal 
Communications Commission 
(FCC) license and a United 
States Coast Guard issued 
Merchant Marine officer’s 
license. 

The primary responsibility 
of the radio officer is to 
satisfy the requirements of 
the International Act 
(Geneva) For Safety At Sea, 
which requires certain class 
vessels to have licensed radio 
stations and to keep watch on 
the international calling and 
distress frequency of 500 
kilohertz. Thus in any distress 
situation assistance may be 
readily supplied or requested. 
Secondarily, the radio officer, 
under the authority exercised 
by the master of the vessel, 
handles communications 
between the ship and the 
ship’s owners. Communica¬ 
tions in the form of marine 
cables received and sent via 
commercial maritime stations 


comprise the bulk of traffic. 
However, modern day mer¬ 
chant ships often carry 
sophisticated voice communi¬ 
cations equipment - single 
sideband, VHF, medium wave 
radiotelephones, even state of 
the art satellite facilities. 
Some vessels have radio¬ 
teletype terminals. Weather 
and hydrographical informa¬ 
tion is often acquired via 
fascimile circuits. All this 
varied “communication” is 
essential in today’s merchant 
fleet and requires competent, 
knowledgeable people to fill 
the role of radio officers. 

The purpose of this primer 
is to provide accurate, 
practical data to those 
wishing to investigate a career 
as a Merchant Marine radio 
officer. While one must leave 
home for varying periods of 
time, the type of work in¬ 
volved is interesting; the 
travel, often to exotic ports; 
the financial remuneration, 
excellent. There is a limited 
amount of published informa¬ 
tion available. However, the 
novice would be hard pressed 


to gather a goodly amount of 
pertinent data without much 
laborious research and its 
attendant difficulties. I am, 
and have been for ten years, a 
licensed radio officer sailing 
with a major oil company 
tanker fleet. I have had ex¬ 
perience on various classes of 
cargo and oil tanker vessels. 
• My travels have routed me to 
the main ports of the world. 
With this background, I am 
able to give precise informa¬ 
tion concerning present day 
conditions in merchant fleet 
communications, discuss 
types of equipment and their 
maintenance, relate first hand 
details on major maritime 
traffic stations worldwide, 
and offer positive guidance 
on license attainment and 
avenues of employment. 
While not everyone who 
wishes to can become a radio 
officer, those with a sincere 
interest, drive sufficient to 
acquire the necessary knowl¬ 
edge and certification, and 
persistence in seeking 
employment, can become 
involved in this secure, re¬ 


warding and worthwhile 
career. 

Licensing 

Anyone aspiring to the 
career of Merchant Marine 
radio officer must have the 
initiative necessary to obtain 
the minimum license require¬ 
ments. These are twofold: 
First, an FCC second class 
radiotelegraph certificate 
must be acquired. Secondly, 
upon issuance of the FCC 
license, seaman documents 
may be applied for with the 
radio officer endorsement. A 
U.S. Coast Guard Merchant 
Marine officer license will 
also be issued running con¬ 
currently (five years) with the 
radiotelegraph certificate. 
The following will detail 
possible methods of obtaining 
this certification. 

Many people interested in 
a seagoing career as “sparks" 
already have a general back¬ 
ground and interest in elec¬ 
tronics. More particularly, 
some are even licensed radio 
operators in other types of 
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Radio officer Raymond B. Hurley, aboard the 40,000 deadweight ton Exxon Lexington, an Exxon tanker which carries 
petroleum products from Exxon Gulf Coast refineries to East Coast terminals. 


FCC service. Radiotelephone 
permits and amateur radio 
and citizens band tickets are 
the more commonly held 
Federal Communications 
Commission licenses. If a 
person has an amateur radio 
license, then he is familiar 
with the type of testing pro¬ 
cedure employed by the FCC 
engineers. Like the amateur 
examination, a commercial 
second class radiotelegraph 
license examination is divided 
into two parts: the Morse 
code portion (20 words per 
minute) and the written tech¬ 
nical examination (sections of 
the examinations are referred 
to as "elements"). 

Exact regulations govern¬ 
ing test requirements are 
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found in FCC rules and regu¬ 
lations. These are grouped 
into ten volumes. Each 
volume is divided into 
sections. Any volume or 
group of volumes can be 
obtained from the U.S. 
Government Printing Office. 

Specifically pertaining to 
commercial radio operators 
would be Volume 1, Part 13. 
Volume IV, parts 81 and 83, 
give complete FCC regula¬ 
tions concerning maritime 
services. Part 81 deals with 
land based maritime services 
(coastal station operation). 
Part 83 contains regulatory 
matter directly concerning 
shipboard stations in the 
maritime service. Every 
United Slates registered vessel 


with a licensed station on¬ 
board is required to have on 
file copies of sections 81 and 
83. If one fully masters the 
rules contained in these two 
articles, the “regulations" 
element of the written 
examination will be easily 

Thus, to qualify for a 
second class FCC radio¬ 
telegraph license (minimum 
requirement for shipboard 
operators), one must first 
successfully pass the Morse 
code test and then achieve a 
passing grade on the written 
examination. Let’s delve into 
each of these two items. 

To copy and transmit 
Morse code properly is an 
acquired skill and art. There 


is no "easy” way other than 
to diligently apply oneself to 
the mastery of the code. 
While "shortcuts” and 
mechanical aids are available 
to help one learn the sounds 
and proper rhythm of Morse, 
it is through the basic 
learning processes of concen¬ 
tration, repetition, and in¬ 
volvement that any person 
becomes proficient in hand¬ 
ling code. A popular method 
by which thousands have 
learned the Morse alphabet is 
to memorize a few letters at a 
time until the entire twenty- 
six letters can be repeated 
and written without hesita¬ 
tion. Some find grouping 
letters with similar Morse 
sounds helpful; others find 













that opposite characters such 
as “A” and “N” prove helpful 
to their memories. Once a 
person has a good “sound” 
memory of the individual 
letters and numbers, and can 
recall them instantly, then 
work can begin seriously on 
acquiring speed. At this stage 
“cassettes" or tapes with 
code practice are an in¬ 
valuable tool. If one is for¬ 
tunate enough to possess a 
shortwave radio receiver, 
actual Morse signals can be 
used for practice. To recog¬ 
nize a letter every now and 
then in a plain language se¬ 
quence will rapidly lead to 
faster, solid copy. Schedules 
of traffic lists and weather 
bulletins of leading com¬ 
mercial stations are found in 
Section Ten. Traffic lists are 
excellent practice, as the calls 
are repeated twice and are 
random letter and letter- 
number combinations. 
Station WSL, Amagansett 
Radio, New York, offers ex¬ 
cellent weather schedules. 
This station is one of the 
fastest on the east coast. The 
schedules are sent on tape 
which approaches perfect CW 
sending. Once a person can 
copy, for example, the 2300 
GMT weather schedule of this 
station, then the code 
examination for the FCC 
license is well within reach. 

In learning any new skill, 
certain levels of achievement 
are reached and sustained. 
With Morse code these levels 
or plateaus can be bridged 
through increased effort and 
practice. The range of seven 
to ten words per minute for 
most is easily reached. Ten to 
fifteen wpm (words per 
minute is based on five char¬ 
acters to a word) requires 
sustained effort. The goal of 
twenty words per minute and 
beyond is achieved after per¬ 
sistent application to practice 
sessions. The FCC code test 
runs five minutes. An appli¬ 
cant must copy any one of 
the five minutes perfectly. 
Ordinarily this is not extra¬ 
ordinarily difficult. However, 
the “nervousness” factor is 


present as one takes the test 
under the watchful eye of the 
presiding FCC engineer. 

A word here concerning 
actual code speeds used in 
shipboard/marine station 
traffic work. Once a person 
begins working commercial 
stations and puts in eight 
hours daily on a radio circuit 
(monitoring 500 kHz, 
weather reports, traffic lists, 
etc.), speed and accuracy 
steadily improve. With time, 
Morse ability becomes some¬ 
what of a reflex action. I am 
often amused (perhaps for¬ 
getting my own real un¬ 
easiness once) at shipboard 
visitors inquiring about 
becoming radio officers. Most 
often their main concern is 
the ability to send and receive 
quickly. This skill gradually 
develops and becomes almost 
an automatic response. This 
allows one to then concen¬ 
trate on other, more tech¬ 
nical, aspects of shipboard 
communication, maintenance 
of the electronic gear being a 
major item. 

As closing comments on 
the Morse code, it is generally 
accepted between commercial 
land marine stations and ship¬ 
board stations that “twenty is 
plenty.” In other words, 20 
wpm is quite sufficient to 
handle normal ship communi¬ 
cations. However, many 
coastal stations are extremely 
busy with lots of traffic 
(messages) to send and re¬ 
ceive. If the ship’s operator is 
agreeable and capable, oper¬ 
ating speeds will often go to 
25 wpm and beyond. The 
point is, as long as solid copy 
is being achieved on both 
ends of a circuit, speed is 
adjusted accordingly. It is 
better to slow down and copy 
correctly the first time, rather 
than consume additional time 
getting “fills" (missed 
portions of messages — most 
stations use full “break-in," 
one operator can signal 
another of a missed word by 
the tap of the Morse key). 
Some ships will handle more 
traffic than others. Ships on 
coastal runs (east/west coast 


and Gulf of Mexico) will 
generally have occasion to 
send and receive more 
messages because of the fre¬ 
quency of ports. There are 
certain routine series of 
messages which concern the 
normal operation of the 
vessel: arrival times, crew 
changes, stores, cargo infor¬ 
mation, and other pertinent 
data. 

With the code test success¬ 
fully passed, the next hurdle 
is the written part of the 
examination. As a practical 
guide it can be stated that the 
written test covers three cate¬ 
gories of knowledge: Federal 
Communications Commission 
rules and regulations con¬ 
cerning the maritime service, 
basic electronics theory, and 
basic communication equip¬ 
ment theory (receivers, trans¬ 
mitters, power supplies and 
related equipment). 

There are several question 
and answer manuals available 
which cover all of the above 
categories. Often the answers 
to simulated test questions in 
these manuals will go into 
profuse detail for informa¬ 
tional purposes. One recom¬ 
mended Q and A manual is 
Kaufman’s particular edition. 
This is a comprehensive guide 
which covers all phases 
(elements) of various com¬ 
mercial license test require¬ 
ments. There are other ex¬ 
cellent study guides available 
found at most electronic 
supply outlets or specialized 
bookstores. Another text 
which has a wealth of back¬ 
ground information is the 
Rider Basic Electronics series. 
This can be bought as a single 
large edition or five individual 
softbound volumes. It is well 
illustrated and technically but 
simply written. Sections on 
power supplies, transmitters, 
receivers, test devices, and 
even transistors are intended 
to give the reader a broad 
knowledge of basic electronic 
circuits and their behavior. Of 
course, any background a 
person has in electronics is 
obviously helpful. The Radio 
Amateur's Handbook is a 


practical and comprehensive 
reference work which covers 
a large segment of the radio 
frequency spectrum usage. It 
describes practical operating 
circuits for radio receiving 
and transmitting, plus addi¬ 
tional chapters on specialized 
communications systems such 
as teletype, narrow band FM, 
satellite communicating tech¬ 
niques and others. Using 
these and similar aids, as well 
as a careful study of the FCC 
Rules, Volume IV, should 
adequately prepare one to 
succeed in the written 
examination. As added in¬ 
surance to acquiring the 
license, commercial corres¬ 
pondence courses as well as 
residency classes are offered 
by various schools and insti¬ 
tutes. Some of these carry a 
type of guarantee which 
allows a person to continue 
studies until successful 
acquisition of the desired 
license. 

At this point one might 
well ask, "How much time 
will it take to prepare well 
enough to pass the test with¬ 
out waiting to repeat it?” 
This question is difficult to 
answer. Each person has 
different capabilities, 
memory, and grasp of 
abstract ideas. Some can 
memorize quickly and give 
back information without 
true understanding. Others 
can digest material and give 
back its essence showing com¬ 
plete grasp of the subject. 
Both approaches will success¬ 
fully pass the examination; as 
long as one can correctly 
answer the multiple choice 
items (except for a diagram 
schematic or two), a passing 
grade will be achieved. 

Some people devoting full 
time to studying for the 
examination — dividing the 
time between code practice 
and study of theory — could 
possibly be ready to “sit" for 
the examination in as little as 
eight weeks. Others, perhaps 
more methodical or thor¬ 
ough, may require two or 
three times that amount of 
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time. In my case, bringing a 
general background in elec¬ 
tronics plus three years ex¬ 
perience as an active ham 
used to CW procedures, the 
test was successfully passed 
after a solid month of long 
days of preparation (often 
12-14 hours a day). It is 
always better to be over¬ 
prepared to help overcome 
any nervousness factor. Each 
person will have to evaluate 
his or her own abilities in 
judging how much study is 
needed to feel comfortable 
going into the examination. 
Some attempt it after short 
preparation, fail it, then 
restudy and pass it thirty 
days later. They reason that 
the first sitting gave them a 
better idea of what to 
emphasize in their prepara¬ 
tion. This procedure isn’t 
recommended, but it is 
definitely one which has been 
used. 

It is well to mention here 
that one’s motivation is 
important in license examina¬ 
tion preparation. Once a 
person has examined a 
potential career opportunity 
and set goals to attain 
membership in those ranks, 
then the necessary driving 
force will be there to get one 
over the difficult steps in 
attaining the goal. As out¬ 
lined previously, a radio 
officer in today’s modern 
Merchant Marine has con¬ 
siderable responsibility. The 
possibility of disaster, though 
not a morbid preoccupation, 
is an ever present reality - an 
event which places the lives 
of the crew on the radio 
officer’s electronic expertise. 
Rigging emergency antennas, 
quickly repairing faulty or 
damaged radio gear - all 
these are paramount to 
getting out a distress call 
asking for assistance. Not 
secondary is the excellent 
financial remuneration the 
seagoing radio operator 
enjoys. A person employed 
full time for a private com¬ 
pany fleet can realistically 
expect his earnings to be 
between twenty-two and 
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twenty-five thousand dollars 
a year on American flag 
vessels. Union contract ships 
have equitable salary scales. 
Employment on some of the 
larger foreign flag vessels will 
pay salaries in the neighbor¬ 
hood of ten to twelve 
thousand dollars per year. In 
addition to the high wages 
paid, radio officers, like all 
Merchant Marine officers, 
enjoy outstanding benefit 
packages. These items will be 
mentioned in another section. 
Thus, should license prepara¬ 
tion require even several years 
of part-time study to achieve 
success, the rewards are cer¬ 
tainly handsome for those 
who persevere. 

Once the second class 
radiotelegraph license is in 
hand, the radio officer 
aspirant can proceed to 
obtaining complementary 
United States Coast Guard 
documents. The first step 
toward accomplishing this 
after the license is acquired is 
to obtain a letter of commit¬ 
ment. This is a statement of 
intent, on company/union 
letterhead, that the bearer 
will be employed in the 
capacity for which license 
application is being made. 
This letter of commitment is 
a Coast Guard requirement. It 
is one method of managing 
the employment situation 
and controlling excess 
licenses being issued. Many 
companies and agencies in¬ 
volved in ship management 
may issue such letters of com¬ 
mitment. Also there are two 
national unions from which 
the commitment statement 
may be requested. With union 
and private union contracts 
expiring yearly, and new 
increased vacation benefits 
being negotiated, it is advan¬ 
tageous for unions to have 
certified men on file to fill 
the vacancies that evolve. 
Often one does not 
necessarily find final employ¬ 
ment with the company or 
union which issued the 
original letter of commit¬ 
ment; however, once the 
letter of commitment is 


issued there is an obligation 
of it being eventually 
honored. One must seek out 
some marine personnel or 
union personnel manager who 
has potential job openings 
and is willing to take the time 
to issue the brief commit¬ 
ment statement. 

The letter of commitment 
and the bona fide second 
class radiotelegraph license 
are the two major com¬ 
ponents necessary for 
acquiring the United States 
Coast Guard documents. 
Three other items will com¬ 
plete the file for issuance of 
the desired seaman's papers: 
proof of citizenship (birth 
certificate) and two passport 
size photographs. One may 
apply at any of the many 
United States Coast Guard 
offices. These are located in 
all major port cities. A 
physical examination is re¬ 
quired and will be given at 
government expense. Abnor¬ 
malities in health will con¬ 
stitute an impediment to 
obtaining documents. While 
shipboard life is not particu¬ 
larly rigorous, normal health 
is required due to often 
lengthy absences from usual 
medical assistance. Glasses 
(corrective lenses) constitute 
an impediment which is nor¬ 
mally waivered. This process 
of actual application for 
Coast Guard documents may 
require one to two days 
depending on number of 
applicants to be processed. 
However, once completed, 
the actual certifying papers 
("Z” card and Merchant 
Marine officer license) will 
usually be received in six to 
eight weeks. 

While the licenses crown 
much effort and give a 
definite satisfaction of 
achievement, two major steps 
remain for becoming a full- 
fledged radio officer: initial 
employment and obtaining 
the six months sea service 
endorsement. 


Employment Procedures 
Federal Communications 


Commission regulations make 
it mandatory for a licensed 
radio officer to acquire six 
full months (180 days) of sea 
service on a United States flag 
(U.S. registered) vessel 
equipped with a licensed 
radio station before he or she 
is able to sail as a single 
operator. Since the majority 
of U.S. merchant ships carry 
only one operator, com¬ 
pliance with the six months 
endorsement requirement 
becomes essential for a future 
radio officer career. While a 
major deterrent to many 
licensed applicants in utilizing 
their hard earned documents, 
the FCC six months endorse¬ 
ment ruling evidences bureau¬ 
cratic wisdom. A newly 
licensed radio officer simply 
must get six months’ actual 
on-the-job-training experience 
before he is deemed truly 
qualified to assume the full 
duties of a radio officer on a 
single operator ship. Often 
the road to the six months 
endorsement is strewn with 
faded dreams, foundered 
hopes, and bitter disappoint¬ 
ments. This section will 
endeavor to guide a newly 
licensed radio officer along 
this road so that the ultimate 
goal of full single operator 
status and security may be 
reached. 

From the above discussion 
it is obvious that initial radio 
officer employment is closely 
linked with the necessity of 
achieving the six months sea 
service endorsement. A 
quandary is encountered: 
One cannot "sign on” as a 
single operator radio officer 
because the experience is 
lacking; the experience 
cannot be acquired because 
one is not allowed to sail 
single operator without the 
six months’ sea service. What 
courses of action can alterna¬ 
tively be pursued? 

A brief discussion is rela¬ 
tive here concerning classes of 
vessels. Without going into 
confusing tonnage figures, let 
it suffice to say that inter¬ 
national regulations require 
certain categories of ships 





(generally merchant 
freighters, tankers, bulk 
carriers, passenger liners) be 
fitted with compulsory radio 
stations. Such equipment 
must be licensed, and a 
licensed radio operator must 
be a part of the vessel's com¬ 
plement. Other smaller types 
of sea craft (deep sea towing/ 
tug boats, research vessels, 
fishing craft, large yachts) 
may be voluntarily equipped 
and manned. It is on this 
latter class of craft that new 
radio officer license holders 
can find employment leading 
to the six months sea en¬ 
dorsement. 

In past years when the 
United States had many 
passenger ships registered, 
these were the normal 
avenues of employment lead¬ 
ing to the six months en¬ 
dorsement. These vessels 
often carried three or more 
radio officers. A new license 
holder could apprentice on 
one of these ships as junior 
operator and acquire a wealth 
of experience in operating 
procedures, traffic handling 
and other job facets. Today 
there are no United States 
passenger liners. Some of the 
larger freighters carry the 
legal maximum of twelve 
passengers, which still allows 
the company to employ a 
single operator. The many 
cruise ships plying the oceans 
today are all registered in 
foreign countries. A person 
with United States docu¬ 
ments may certainly apply 
for employment on these 
foreign flag vessels and often 
with success. However, the 
time accrued on such non- 
United States-registered ships 
does not count toward 
achieving the six months sea 
service endorsement. But the 
experience one can gain from 
such ships can be very 
valuable. 

Other than seeking out the 
voluntarily equipped sea craft 
to acquire the needed 180 
days' sea service, another 
alternative is available. A 
person may sail as a lesser 


unlicensed rating on a U.S. 
vessel - ordinary seaman, 
messman, utilityman, oiler — 
and with the company’s and 
master’s permission he or she 
may put in off watch hours in 
the radio shack in order to 
accrue the required ex¬ 
perience. This scheme will 
probably take longer to 
acquire the endorsement; 
however, at the same time, 
pay is being received for one 
rating, few expenses are in¬ 
curred aboard ship, and the 
opportunity of achieving the 
six months endorsement is 
available. Some companies or 
unions have programs 


whereby they will assign a 
newly licensed radio officer 
as second operator on a single 
operator vessel at reduced 
wages in order to allow the 
legal acquisition of the sea 
service sanction. This is 
usually done when openings 
are imminent. Fortunate is 
the person who applies to a 
company at such a propitious 
moment. 

Summarizing, a person 
properly licensed for radio 
officer employment should 
vigorously pursue every 
avenue of opportunity. Per¬ 
sistent checking for union 
openings (both national and 


private company unions), 
applying to government 
agencies which employ 
civilian licensed personnel 
(MSC, Military Sealift Com¬ 
mand, U.S. Coast and 
Geodetic Survey Agency), 
arranging interviews with 
owners of deep sea towing 
boats (often a combination of 
“deck hand"/radio operator 
position will be offered) and 
large yachts (information can 
be gleaned from brokerage 
houses for such craft): All 
these paths vigorously 
pursued will eventually yield 
positive employment commit¬ 
ments which will lead to the 
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necessary and coveted six 
months sea service endorse¬ 
ment. 

It was my experience after 
applying at the above listed 
sources that a three to four 
month wait - a discouraging 
period with no word from the 
myriad applications filed — 
was unavoidable. When that 
time passed (time used to 
gain experience as a single 
operator on a foreign flag 
vessel), the offers began 
trickling through the mail. 
Eventually choices could be 

While a formidable 
obstacle, the six months 
endorsement, once achieved, 
offers a reasonable degree of 
future job security. The 
numerical job possibilities 
increase a hundredfold. By 
this time many contacts will 
have been made (keep a note¬ 
book). Offers of “come see us 
when you have the endorse¬ 
ment” should have been filed 
for future reference. One will 
also be able to make a more 
mature judgment concerning 
whether to make a career in 
one of the national radio 
officer maritime unions or 
opt for private company 
fleets. Each choice has advan¬ 
tages and disadvantages. It is 
a question of committing 
oneself one way or the other. 
A young man or woman 
(25-35) fully qualified as a 
single operator radio officer 
has much to offer the 
shipping industry. Recipro¬ 
cally, shipping companies are 
interested in stable, career- 
oriented personnel. 

Salaries vary among 
various radio officer 
employers. As mentioned 
before, a person who sails full 
time as a single operator on 
an American flag vessel can 
anticipate earnings beyond 
the twenty thousand dollar 
level. Benefit packages also 
vary, but in general are 
excellent and comprehensive. 
Hospitalization, annuity 
plans, pension plans, life 
insurance, equity funds, and 
stock options are some of the 
types of total packages 


offered. Vacation time (paid 
leave is the colloquial ex¬ 
pression) averages ten to 
eighteen days for each thirty 
days of shipboard employ¬ 
ment. Efficiency dictate 
companies to allow this time 
to accrue. For examplej 
several tanker companies will 
work their officers eighty to 
ninety days, then grant forty 
to fifty day paid leaves. Items 
such as base salaries, overtime 
rates, vacation periods, and 
other working conditions are 
negotiated frequently and up¬ 
graded to keep pace with 
industrial trends. 

Thus, to a person contem¬ 
plating a seagoing career, the 
rating of radio officer offers a 
unique opportunity: above 
average wages, worldwide 
travel, participation in out¬ 
standing benefit plans, retire¬ 
ment at a relatively early age 
with potentially large savings 
and an adequate pension. It is 
these incentives which should 
urge one to pass the discour¬ 
aging phases of becoming 
completely qualified as a 
radio officer. 

Reporting Aboard Ship 

This section is a “tour” for 
the uninitiated of modern 
shipboard organization and 
routine. Particularly, it will 
outline a normal procedure 
for a radio officer to follow 
when reporting aboard a 
vessel. Most people seeking 
shipboard employment will 
probably have visited various 
types of oceangoing ships. 
(This is an excellent idea. Ask 
for the radio officer - most 
will be helpful in giving a 
ship’s tour and a detailed 
explanation of the electronic 
equipment on board.) Thus a 
general familiarity with the 
physical layout of ships will 
be acquired. 

A merchant vessel like any 
business organization is struc¬ 
tured along certain lines. The 
following is a brief explana¬ 
tion of shipboard organiza¬ 
tion. The personnel on a 
vessel are divided into two 
broad categories: licensed 
officers and unlicensed crew 


members. Operationally, 
these people are then working 
in one of three departments. 
Deck department is respon¬ 
sible for the safety and navi¬ 
gation of the vessel, the 
maintenance of deck spaces, 
and the supervision of cargo 
operations. Engine depart¬ 
ment is responsible for the 
operation/maintenance of the 
power plant (steam or diesel), 
systems upkeep, maintenance 
of cargo handling equipment 
(winches, pumps, etc.), and 
overall responsibility for the 
mechanical aspects of vessel 
operation. Steward’s depart¬ 
ment does the housekeeping 
of the vessel: preparation and 
serving of meals, cleaning of 
quarters, care of linen and 
other housekeeping chores. 
The departments and their 
specific members are listed 
below. Actual number of 
crew varies from ship to ship. 
Officers are considered super¬ 
visors. Other crew members 
have Coast Guard papers with 
specific job or rating endorse¬ 
ments. 

Deck (Captain overall in 
charge) 

Chief Mate 
Second Mate 
Third Mates 
Radio Officer 
Ablebodied Seamen 
Ordinary Seamen 
Bosun 

Engine 

Chief Engineer 
1st Engineer 
2nd Engineer 
3rd Engineers 
Oilers 
Wipers 
Pumpmen 

Steward 

Steward 
Chief Cook 
2nd Cook 
Messmen 
Utility men 
Gallyman 

Ship’s routine is con¬ 
ducted in periods of time 
called “watches.” Normally a 
crew member or officer will 


stand four hours on watch 
and be off watch for eight 
hours - thus midnight to 
four am, four am to eight am, 
eight am to noon and then 
repeat the sequence. This 
system works well and con¬ 
tributes to the safe conduct 
of the vessel. Some ships will 
“break” sea watches in port 
allowing doubling up for 
more time off in port. Others 
will maintain the four on, 
eight off routine without 
change. 

The radio officer by law 
must stand one-third of sea 
time at watch. It is a safety 
watch consisting of mon¬ 
itoring 500 kilohertz, the 
international calling and 
distress frequency. All ship’s 
communications are con¬ 
ducted during watch hours 
whenever possible. While 
leeway is encountered as to 
actual hours of radio watch, 
custom dictates the usual 
hours of 9 am to noon, three 
pm to five pm, six pm to nine 
pm. These hours allow for the 
copying of appropriate traffic 
lists, weather schedules and 
other communications 
matters. While at sea, when 
the radio officer is not on 
watch, an automatic device 
called an auto-alarm stands 
guard on the distress fre¬ 
quency sounding an audible 
alert should a distress situa¬ 
tion develop. 

A new officer reporting 
aboard a vessel will usually 
proceed directly to the radio 
room (“shack") to meet the 
person to be relieved. If the 
captain is available, introduc¬ 
tions will be made. Should 
the ship be on a coastal run, 
the radio officer will be 
signed on by the master of 
the vessel and officially 
become part of the ship’s 
muster. Sibling on for foreign 
voyages is done before a 
shipping commissioner who 
comes to the ship for this 
purpose. License data is 
always incorporated into the 
ship's articles. 

New radio officers will 
find that the person they are 



relieving will be happy to 
spend time showing them the 
“ropes.” Inspection, dis¬ 
cussion of, and actual demon¬ 
stration of the various elec¬ 
tronic equipment will be part 
of the orientation. If the 
vessel is on a regularly 
scheduled itinerary, 
schedules, company proce¬ 
dures, and particular com¬ 
munications problems will all 

Reports, forms, log keeping, 
and maintenance procedures 
also constitute the relieving 
radio officer’s briefing. As a 
new radio officer, don't 
hesitate to ask any and all 
questions. Once the radio 
officer you are relieving 
departs, the responsibility 
rests upon your competency. 
As a documented, qualified 
Merchant Marine radio 
officer, you will be expected 
to handle communication 
duties in a professional com¬ 
petent manner. 

While bewildering the first 
time, one will find that ex¬ 
perience allows this relieving 


procedure to become an 
informal, quick routine. The 
radio officer going off the 
vessel will usually leave a few 
typed paragraphs with key 
information. Usually, 
expected spare parts requisi¬ 
tion forms, upcoming main¬ 
tenance, or ordered shore-side 
repairs will comprise the file 
to be turned over to the 
relief. As physical layouts 
differ, a spare parts diagram 
location is usually found 
among the pertinent papers. 

After official installation 
in the new capacity, the 
fledgling radio officer will 
usually have several days 
(except on tankers) while the 
vessel works cargo before 
sailing. This time can profit¬ 
ably be spent thoroughly 
informing oneself concerning 
the physical aspects of the 
electronic equipment. Radio 
office files will yield in¬ 
dividual instruction manuals 
for each piece of gear. A 
careful reading of the manual 
with the radio equipment in 
front of you will help com¬ 


plete familiarization with the 
station. 

While not going into 
specific details about various 
types of radio room equip¬ 
ment, for informational pur¬ 
poses most American flag 
vessels will be fitted with 
either ITT Mackay Marine or 
RCA Radiomarine installa¬ 
tions. Sometimes there is a 
combination of both types of 
gear on one ship. Individual 
units such as transmitters, 
receivers, auto-alarms, auto¬ 
alarm keyers, battery chargers 
and so forth will often be 
consoled for convenience. 
This method provides a neat, 
efficient operating position. 
Many different manufacturers 
provide radiotelephone equip¬ 
ment. Collins Radio, RF 
Communications, CAI, 
Motorola, ITT, and RCA are 
but a few of many suppliers 
of single sideband, FM, and 
AM radiotelephone devices. 

Radio rooms on foreign 
flag vessels are well equipped 
with systems provided by 
their respective countries. 


Two examples would be 
Marconi marine equipment 
found on many United King¬ 
dom vessels and Electronik or 
Dansberg installations found 
on ships flying flags of the 
Scandanavian countries. 
Numerous other quality radio 
equipment manufacturers 
produce gear for vessels not 
flying the United States 
ensign. 

Besides maintaining a 
listening watch on the distress 
frequency, the radio officer 
will generally copy weather 
bulletins twice a day. Each 
bulletin forecasts twelve hour 
weather system movement. If 
the vessel is equipped with 
facsimile receivers, one map is 
usually made daily unless 
some disturbed weather is 
being closely monitored. 
Other duties of the radio 
officer are to listen to appli¬ 
cable commercial station 
traffic lists for messages, per¬ 
form required FCC tests, 
keep a current log, and gen¬ 
erally keep the station in 
good operating order. ■ 




























Dave Brown-W9CCI 
RR5 Box 39 
Noblesville IN 46060 


The Wind Counter 


-the digital wind sock 


W ell, having voracious¬ 
ly consumed my re¬ 
cently arrived 73 Magazine 
for March 1976, I concluded 
as always that therein con¬ 
tained is a wealth of informa¬ 
tion. Lest you think I con¬ 
ceitedly refer to my own two 
articles - I don’t - I am 
referring to the great informa¬ 
tion contained in the article 
“Inherit the Wind” by 
W2AOO on page 72. 

For several years I have 
been looking for a “weather 
station” device for this QTH, 
since I am out on a farm and 
rather unprotected from the 
wind — as a photo of our 
EME array in an earlier 73 
Magazine will testify! 

The intent of this article is 
to add to Warren’s fine article 
a couple of ideas that came 
up while rapidly brewing up 
his device for use here. Some 
of the ideas are purely mech¬ 
anical ways of doing his ideas 
using the available parts that 
were either around in my 
“junque” box, or easily 
obtained due to past ex¬ 
perience building one project 
or another. 

Warren’s idea using the 
L'eggs pantyhose containers 


is great! I have saved the darn 
things for years now, merely 
because there had to be a 
good ham use for such an 
item. It’s like the plastic 


facial tissue containers that 
came out awhile back - they 
became good oval speaker 
holders in my test bench! 
Jello molds with a per¬ 
forated cover make great 
smoke traps for smoke 
alarms, etc. Leave it to a ham 
to find a better use for the 
XYL’s something or other. 
Along the same lines, a great 
material exists for outdoor 
enclosing of devices (loading 
coils, relays, etc.), and gets 
put into service here to house 
the wind pickup “container” 
mounted up my tower. That 
material is the PCV irrigation 
tubing available at supply 
houses, hardware stores, and 
most lumber yards. I used it 
to waterproof the buried 
cables going out to the EME 
tower house, and had a few 
short pieces left over. The 
tubing or pipe is approxi¬ 
mately 4.250" in outside 
diameter, has .125” walls, 
and is quite rigid. It cuts 
readily with a fine hacksaw 
blade to the length you want. 


Nearly all the same sources 
carry accessory items for the 
pipe, such as the “Y”, “T”, 
and reducers, but not all 
carry the end cap. They do 
exist, and looking for two of 
them is well worth the effort, 
as it makes a very weather- 
tight enclosure when you slip 
these end caps over the pipe 
you have cut to length. 

While at the store, look 
over an item called "chip¬ 
board,” “particle-board,” or 
“underlayment,” depending 
on where you live. It comes 
in 1/2” or 5/8” thickness and 
in 4’ x 8’ sheets, though often 
smaller 4’ x 4’ or 2’ x 4’ 
pieces are sold for the 
weekend carpenter. This 
material cuts easily with a 
saber saw or even a hand 
jigsaw, and can be cut in 
circles to go into the PCV 
pipe to mount the top and 
bottom bearings. It can even 
be cut out and drilled for a 
platform for the LED and 
phototransistor pickup. 

If you have read the 



Fig. I. Counter and readout. 7490pins 8, 9, 11, 12and 7475 
pins 9, 10, 15, 16 should he brought to module plug; therefore 
a module socket of 14 lines is a minimum requirement. 
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Fig. 2. "Cheapy " timebase. 



W2AOO article, you will 
readily see you are not going 
to get the 7” disc into my 4” 
I.D. pipe! Not to fear. There 
are easy ways around this. 

I had held off building 
such a wind device for a long 
time since I was unaware how 
I would calibrate it. Also, I 
did not want to tie up a 
counter all the time, but for 
those of you without a 
counter, I fully agree with 
Warren - now is the time to 
build one! The K20AW 
counter I built from three 
1973 73 Magazine articles is a 
great starting point, and there 
are many updates. I am 
working on an article now on 
a 100 MHz basic and 650 
MHz with scaler version. It 
uses the basic board from the 
K20AW counter, since I 
already have built that one. 
With the TTL prices what 
they are, you are no longer 
talking about a 300-500 
dollar instrument (i.e., to go 
from our 100 MHz to the 650 
MHz is now about $19.95 — 
right out of a 73 ad — more 
on that another time). 

The “counter” I am going 
to describe here is a special 
purpose unit, and as such can 
be built for even less than a 
home brew station test bench 
counter for your shack. It 
keeps the price to a minimum 
by doing such things as using 
the 60 Hz line frequency as a 
reference, but can be easily 
changed to a crystal timebase 
if you so demand. It has a 
“record" feature that you can 
build in, leave out, or add on 
later. It has a multi-mode 
deck for using it with more 
than one use that again can 
be left off, or added later. 
The very basic unit is there¬ 


fore shown first for the wind 
speed indication only. The 
three digit capability is 
required for some of the later 
uses. Fig. 1 shows the basic 
display board and is built as a 
mother board with plug-in 
modules so things may be 
easily modified or added 
onto. 

The basic counter and 
readout portion has been 
covered many times and 
should not need a detailed 
explanation. A stream of 
pulses comes from the pickup 
unit (wind speed in this case) 
through a control gate to the 
first counter. Each counter is 
a decade; thus the readouts 
read in ones, tens, and hun¬ 
dreds for the least significant 
to most significant bits or 
numbers from right to left. 

LED readouts are so in¬ 
expensive now it doesn’t pay 
to use anything else — see 73 
Magazine advertisements. The 
same source goes for the TTL 
1C logic required. If you 
don't mind the logic blinking 
during the count or are 
willing to add on the 7475 
latches of my circuit, a good 
PC board can be readily had 
by building up the WA7SCB 
“counter” in a 73 Magazine 
article from January or 
February this year. Since no 
high speeds are used, much 
lower power consuming MOS 
logic can be used for some of 
the circuits. I know of MOS 
equivalents for at least the 
7400 and 7490 and they are 
the 74C00 and 74C90. They 
are pin for pin — just remove 
a 7400, plug in a 74C00, etc. 

Fig. 2 covers the cheap 60 
Hz timebase used in our in¬ 
expensive counter. A small 
portion of the 60 Hz is 


capacitively coupled out of 
the power supply to a dis¬ 
crete squaring circuit or can 
be fed to a 7413 Schmitt 
trigger 1C. Hereafter, the 
output from this module is 
called the TBCL, or timebase 
clock. 

The squared 60 Hz output 
from the 7413 or discrete 
squarer is fed to the 4- 5 input 
of a 7490. Its output at 12 
Hz is fed to a 7492 wired as a 
-=■ 6, then -f- 2, for a 1 pps 
square wave output. The 2 
function of the 7490 will be 
covered later. Of course for 
better accuracy, any one of a 
number of timebases leading 
to the same output (counter 
crystal controlled timebases, 
etc.) can be used into the 
same inputs that call for 
TBCL pulses. 

Next, if more than one 
input is to be counted as I 
have plans to do (wind 
direction, etc.), some form of 


mode input gating must be 
used. Fig. 3 shows a simple 
gate arrangement using only 
one 1C. Provisions for placing 
a secondary timebase on this 
module for future use are also 
shown. More on that later. 

The incoming pulses from 
the generator-sensing device 
enter the mode gate at ICA-1, 
one side of a 2-input NAND 
gate. The other input, ICA-2, 
is used differently with 
different modes. The dotted 
lines show the hookup for the 
wind speed only version. 
ICA-3 is the output of this 
NAND gate and it goes to 
the input of a second NAND 
gate, ICA-4. This NAND gate 
allows the pulses to pass on 
to a common I/O line or 
"rail” for all modules only 
when the other input, ICA-5, 
is high. This occurs when 
ICA-8 is high, which is when 
ICA-9 and ICA-10 are low. 
They are tied together and 
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Fig. 4. Multirmode control. 





to record the lowest tempera¬ 
ture of the day (got your 
antifreeze in yet?) or 
temperatures below a preset 
reading — such as 32 degrees 
F (got the heater strip on the 
water pipe and the cat in for 
the night?). Or by adding a 
later clock module of sorts, 
you can turn on the house 
lights at dusk, etc. (A=B). It 
really can be made very 
versatile by building up and 
adding on our modules of 
future articles. Maybe you 

Fig. 5. Recording module. Pin connections: (A) AO to IC7-12, A1 to IC7-9, A2 to IC7-8, A3 to can think of something you 
IC7-11, BO to IC8-16, B1 to IC8-15, B2 to IC8-10, B3 to IC8-9. (B) AO to IC4-12, A1 to IC4-9, want to monitor? Drop me a 

A2 to IC4-8, A3 to 1C4-11, BO to IC5-16, B1 to IC5-15, B2 to IC5-10, B3 to IC5-9. (C) AO to line and we’ll see if we can 

IC1-12, A1 to IC1-9, A2 to IC1-8, A3 to IC1-11, BO to IC2-16 , B1 to IC2-15, B2 to IC2-10, B3 write it up. 
to IC2-9. For you computer guys, 

we are already working on a 
more than one mode reading, little module to take the read- 

so the version shown is for a out’s information to the 

single mode instrument. You outside world as parallel or 

may choose to record the serial data and on to a 

highest readout (A> B), as in teletype (hard copy of 

the highest wind speed, or weather during a CD storm 

only winds above a preset (by alert?), or to your computer 

you) readout, in which case to do goodness knows what, 

the readout is stored and the Using the computer at work 

fact it was exceeded used to is as close as I have gotten to 

activate an external device that part of our changing 

Fig. 5a. Wiring changes for fixed preset figure for B data. (i.e., a crankup motorized hobby so far, but it does get 

tower lowered in high winds my interest. 

this NAND gate is wired as a mode, enabling the input or an alert tone device I’m sorry there are no 
simple inverter. Again, the modules as it goes. triggered during tornado board layouts at this time. We 

dotted lines show the wind An added feature I wanted season to awaken the family), are very busy working on 

speed only version. The M# around my QTH was an easy Or, you might choose to sensors, including wind speed, 

line entering at ICA-9 and 10 way to “record” the high or record and/or use the lowest wind direction (leave extra 

is covered in the next low readings for the day, and reading (A < B). We are room in the outdoor PCV 

module. while reading through the working on other sensors pipe unit!), temperature 

More than one mode may first writing of this article and such as temperature, humi- (indoor/outdoor), humidity, 

be monitored by adding the the W2AOO article, I realized dity, etc., and you may want barometric pressure, and such 

Fig. 4 multi-mode module, how similar this requirement 

Modes may be added on is to that of our EME auto- 

easiest by certain numbers matic beam steering; 

(3-5-6-7-9-10), and these therefore that type of device 

combinations are shown. The is presented here. Since most 

module is an encoder (7490) or ail will want it, I did make 

run from the timebase and it slightly more complex than 

driving a 1 of 10 decoder a basic version would be, but 

(7445). The decoder outputs it may be built in part for 

must be committed exter- high only, etc., very easily, 

nally to +V in this decoder, Just delete the functions you 

and the easiest way to do this don’t want. An example of 

is to run each output to +V use is the best demonstration 

via a 6 V, 50 mA lamp. These of usefulness I can think of 

lamps then also indicate what and reads as follows. First, 

mode you are in. The diode is the record feature can be 

added to each line going to a used in a single mode device 

mode module as added pro- only, or where the 7475-7446 

tection. As the timebase readout portion of the instru- 

drives the encoder, the ment is duplicated. It is 

decoder steps from mode to seldom required to “record” Fig. 6. Control gating module. 














Fig. 7. Timing chart. 


others as smoke, fire, and 
burglar alarms. The burglar 
sensor is such that shorting 
around it or shorting it to 
ground instantly sets it off! 
The sensors for the most part 
will be single 1C devices. They 
generate a square wave that is 
modified by the item being 
sensed. 

As for getting the wind 
speed running, cut your pipe 
and chipboard and arrange all 
the items just as in the 
original article. Your disc, 
however, should be cut to 
3.75” to 3.80” in diameter to 
clear the inside of the PCV 
pipe. This means you have a 
radius of 1.90”. Use a 
compass and scribe a circle of 
this radius on the 1 /16” thick 
metal material as in the 
original. Scribe a line through 
the center and crossing both 
sides (straight line through 
the middle and crossing the 
scribed circle). Measure from 
the center along the line one 
way to a point 1.40” 
(1.400563499” for extrem¬ 
ists) from the center. Center 
punch this point and the 
center. Drill the hole at the 
center 1/4” in diameter, and 
at the 1.40” point 1/8” in 
diameter. Now you can 
mount and assemble as the 
original, aligning the LED 
above and the phototransistor 
below the 1/8” hole. As the 
disc rotates, the hole pro¬ 
duces a pulse every 
revolution. On a 1.40" radius, 
or 2.80” diameter, the cir¬ 
cumference covered per 
revolution (or pulse) is 


8.796”. Every two revo¬ 
lutions (two pulses) the hole 
on the 2.80” diameter circle 
covers 17.59”; thus there are 
2 pulses produced per second 
for a 1 mph wind. The sensor 
signal is routed through the 
mode gate, through the left¬ 
over t 2 function of the 7490 
in the timebase, and on to the 
control gate, as a 1 pulse per 
1 mph, just as the original. 

The control gating may 
vary or change as new sensors 
are developed, so it, too, was 
built as a module. 

It should be easy to follow 
the gating in the control 
section. Just use the rule that 
the inputs to a NAND gate 
must all be high for the input 
to be low, and conversely, if 
any input is allowed to go 
low, a desired output high 
can be gotten. 

I hope by breaking this up 
into module construction, 
each of you might find your 
own uses, be able to build 
your own versions, or be able 
to learn a little about TTL 
logic and use the circuitry 
toward your own designs. 
More input sensors and 
modules will follow as we 
perfect them, and I hope we 
then have more time so that 
board layouts may be pro¬ 
vided for those who prefer PC 
board construction. I know 
how you feel, because I 
certainly prefer it. It makes it 
very hard to make any 
mistakes in wiring - hi. 

At the cost of today’s 
Pony Express, a SASE is sure 
appreciated for letters 


requiring a reply. I have 
gotten them on letters 
making only comments or 
suggestions for future articles, 
and while the loose stamps 
were appreciated (I do mail 
letters and I happen to collect 
stamps as another hobby — 
hi), they aren’t required for 
that type of mail. Thanks 
anyway! On those types of 
letters, if they can be fit on a 
post card, by all means save 
yourself some money, and 
the comments and sugges¬ 
tions are really appreciated. 
On future board availability, 
etc., I will try to keep all 
advised via the 73 letters 
column if that is o.k. by you 
and Wayne (sure . .. Wayne). 
We have drawn up several 
“general” TTL type circuit 


boards that may be of 
interest to all, and I’ll try to 
put them all together for a 
shorty article of nothing but 
that if there is an interest. 
They are very handy to 
“breadboard” up more 
complex circuits. You end up 
with multi boards, but maybe 
that isn’t so bad. I hope this 
article helps make amateur 
weather observers of you. 
You would be surprised the 
effects it has on our radio 
hobby, and how appreciated 
the data is to your local CD 
net and weather bureau 
during the rough storms, 
tornadoes, etc. We Sure have 
been warmly received by the 
local weather bureau during 
such times. Until the next 
modules, 73. ■ 
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SURPLUS TEST EQUIPMENT 





Shortwave Listening 

1976 World Radio TV Handbook - $10.95 
Gated 1000/100/50/25/10 kHz Calibrator - $54.00 
Barlow Wadley & R.L. Drake Receivers 
1976 “Confidential” Frequency List - $5.45 

GILFER, Box 239, Park Ridge, N J 07656 
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I recently attended several 
San Francisco Bay Area 
ham auctions, with attached 
flea markets. For no partic¬ 
ular reason, I ended up with 
an old Hallicrafters S38C, in 
the most bedraggled shape 
imaginable. The very condi¬ 
tion of the old receiver was a 
challenge, and the steps in its 
resurrection to a useful re¬ 
ceiver will be recounted 
herein. The hope is that these 
easy steps will inspire other 
owners of this all-time popu¬ 
lar short-wave receiver to 
restore them. After all, there 
is still a large group of young 
experimenters, SWLs, and 
would-be Novices out there 
saving their quarters and 
dimes to get their hands on 
anything that will function as 
an HF receiver. To meet this 


Hank Olson W6GXN 
P.O. Box 339 
Menlo Park CA 9402 5 

The $38 
Is Not Dead! 

- - a tale of resurrection 


group, simply attend the next 
ham auction or swapfest; it 
will restore your faith in the 
younger generation. 

My receiver, as acquired, 
had no knobs, a torn speaker 
cone, a rusty cabinet, a 
missing receive-standby 
switch, no dial pointers, and 
(of course) was inoperative. 
Should yours be in similar 
shape, your first move should 
be to get a copy of the circuit 
(Sams' set 190, folder 4), 
preferably from a friend who 
does service work. Secondly, 
the speaker should be 
replaced; horizontal 
mounting of speakers in the 
tube-type sets eventually 
ruins them, so you might as 
well do it right away. Next 


pull the chassis, check tubes, 
and replace as needed. Be 
sure to replace the Ml pilot 
lamp if it’s open, because 
otherwise you'll be buying a 
new 35Z5 rectifier tube 
shortly. A type #755 pilot 
lamp, with extended-life, 
might be considered here. 
The entire complement of 
eight or nine tubular (drippy, 
paper-wax type) capacitors 
should be replaced with the 
newer mylar and ceramic disc 
varieties. This step avoids the 
step-by-step isolation of a 
faulty capacitor, and should 
save time in the long run. I 
replaced the three-section 
electrolytic capacitor on 



Hallicrafters S38C after resurrection, with FET preamp atop. 


general principles. adequate) was installed, and a 

In the cosmetic area, I new slide switch was put in 

made new dial pointers by the “receive-standby” posi- 

soldering short pieces of tion. 

1/16” brazing rod to grid-cap 

clips (1/4”) and painted them With these efforts, my 
white. The cabinet was wire- receiver gave some indications 

wheel cleaned of rust, of life, at least on the BC 

masked, and painted with a band. A simple i-f and rf 

spray-can coat of grey alignment, following the 

enamel. A new bottom plate procedure in Sams’ with a 

was also made of sheet alum- signal generator, greatly 

inum, and rubber feet improved sensitivity. At this 

attached. A set of four knobs point, the S38C was judged 

(not original Hallicrafters, but to be “as-good-as-new”; that 



Fig, 7. New BFO in S38C. Cl = WO pF mica or 140 pF 
variable if front panel BFO adjustment is desired. 







Transistor BFO mounted on S38C chassis. 


Rf portion (except power supply) of 14-30 MHz preamp, 
mounted on section of copper PC laminate. 


is, a fair receiver considering 
its design limitations. 

Changes and Additions 

The BFO function in the 
original S38C is fulfilled by 
causing the i-f amplifier to go 
into regeneration. This rather 
critical circuitry was elimin¬ 
ated, and a more conven¬ 
tional BFO added. Since the 
S38C is an ac-dc type of 
radio, it was easier to make 
the new BFO a transistor 
type and avoid heater voltage 
problems. The new BFO and 
its placement in the S38C 
circuitry are shown in Fig. 1. 
A few milliamps from the B+ 
are used with a zener to 
provide the +33 volts to 
operate the BFO. If a front 


panel BFO control is desired, 
Cl can be made a variable 
(140 pF) rather than a fixed 
capacitor. 

The shortcomings of the 
S38C are several: lack of 
image rejection, inadequate 
selectivity, and inadequate 
sensitivity (for starters). The 
sensitivity can be increased 
and image rejection improved 
by the addition of a pre¬ 
selector. There are many ade¬ 
quate designs for such pre¬ 
selectors, but most of these 
date back to the same era as 
the S38C and similar re¬ 
ceivers. 1 ,2 > 3 The photo 
shows a simple preselector 
using an FET. This is an 
add-on unit, not designed to 
be included in or powered by 


the S38C. 

The preselector improves 
the overall receiver noise 
figure, and thus its sensitivity 
in the 14 to 30 MHz portion 
of the HF band. There is less 
to be gained by extending its 
range by adding the complica¬ 
tion of coil switching for 
lower frequencies, since these 
frequencies are usually 
sky-noise limited. The pre¬ 
selector will help not only 
sensitivity but can also help 
reduce cross-modulation from 
strong out-of-band shortwave 
broadcast stations. The value 
in reducing images is notice¬ 
able too since the image is 
always 2 x 455 kHz away 
from the desired frequency. 
That is, at 14 MHz the ratio 
of desired frequency to image 
offset is 15/1. The coils used 
in the preselector have un¬ 
loaded Q values of 100 or 
greater, and so would be 
expected to be of some help 
in image reduction. The Qs of 
the tiny powdered iron core 
coils used are nearly as high 
as one would obtain with air 
core type coils, and have a 
totally self-contained mag¬ 
netic field. This latter fact 
makes it possible to use them 
in a compact preselector 
design with a minimum of 
shielding, yet one still having 
good selectivity and stability. 
The sensitivity improvement 
on 14, 21, and 28 MHz was 
measured to be between 10 
and 20 dB; this is a significant 
improvement over the 


original. The basic preselec¬ 
tor’s circuit is shown in Fig. 
2. The power supply section 
is not shown, as its layout is 
non-critical. The supply and 
preamp board were later com¬ 
bined in an LMB-140 box 
chassis, to package the unit 
for convenient operation. 
Note that two compression 
mica variable capacitors were 
used to tune the preamp; this 
was due to the scarcity of 
air-spaced tuning capacitors 
nowadays. Since these capaci¬ 
tors are screwdriver-adjust 
types, some may wish to sub¬ 
stitute air spaced types - or 
modify the compression 
screws for shafts. If one band, 
say 15 meters, is used pri¬ 
marily, only slight retuning is 
necessary across the band, 
and a screwdriver adjust 
system is okay. The two 0.1 
uF bypass capacitors in the 
preamp should be low induc¬ 
tance ceramic types (Erie 
Redcap are specified) to 
insure low rf impedances to 
ground at these points. 
Aerovox, Vitramon, and 
others make similar types of 
capacitors, however. ■ 
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Fig. 2. Self-powered 14-30 MHz preselector for S38C. Cl = C2 
= 50-500 pF (Miller 160B); LI = I0T #22, T50-10 Micro¬ 
metals core (0.37 uh) with 7 turn link; L2= 10T #22 with c.t. 
and 2 turn link on T50-10 Micrometals core; Ql = MPF102, 
HEP-802, HEP-F0015 (all Motorola); Dl, D2 = 1N4002, 
HEP-R0051 (Motorola). Ferrite beads and Micrometals cores 
available from Amidon, 12033 Otsego St., N. Hollywood C4, 






External view of the prototype identifier. The transistor on top is a five volt regulator. The 
XMITTER KEY button will key the PTT line. The TEST button sends the ID without 
triggering the timers. The READY is an LED (not shown on the schematic) which is on when 
the IDer is ready to be keyed. LEVEL sets the output level to the transmitter. PITCH and 
SPEED are self-explanatory and are screwdriver adjustments. The plug on the back was an 
afterthought in this case, for interface with our repeaters. The case is a 4” x 4" x 2" minibox. 


H ere is another CW iden¬ 
tifier using a Program¬ 
mable Read Only Memory. 
Several circuits using PROMs 
have been floating around, 
but most of them were 
lacking one or more of the 
features I wanted. For my 
applications, I wanted a 
timed hold-off which would 
keep the IDer from being 
re-keyed within a specified 
time period. I also wanted the 
IDer to re-identify at the end 
of the time-out period. 

This version of the iden¬ 
tifier is about third genera¬ 
tion, and conquers, I hope, 
some earlier limitations. 

Circuit 

The basic CW generation 
technique is not new, and 
consists of U1, 2, 3 and 4 in 
Fig. 1. U1 and U2 are ripple 
counters whose input is a 555 
clock. The first three stages 
of the counter drive a multi¬ 
plexer/data selector, U4. 
Using the counter input, U4 
repeatedly scans the memory 
(U3) outputs BO and B7 for 
highs, which in turn appear 
on the output of U4. The last 
five stages of the counter 
provide the address inputs for 
U3. This input advances one 
count for each scan of the 
output bits. The result of this 
scheme is that the memory 
output is scanned sequen¬ 
tially (BO to B7) for each 
word in order of address. 

I used an NE555 for the 
clock and a pair of gates 
cross-connected as a flip flop 


to start and stop the clock. A 
pulse from the start circuitry 
sets the flip flop and starts 
the clock. When the end of 
the count is reached by U2, it 
triggers monostable U6A, 
which resets the counters and 
the start/stop flip flop. The 
inputs to U6A can be pro¬ 
grammed to stop the counter 
after either 128 or 256 bits. 

The start circuitry consists 


of monostable U6B and 
hold-off timer U7. When the 
input is grounded, it triggers 
the monostable through gate 
U9B. The pulse out of the 
monostable sets the start flip 
flop and starts the hold-off 
timer. The hold-off timer is 
an NE555 set for about 3 
minutes. During this period, 
the monostable is kept from 
being triggered by further 


input keying. 

When the timer releases, 
its output is capacity-coupled 
to the start flip flop. This 
pulse starts the identifier 
without restarting the timer. 
The output of the start flip 
flop is also used to turn on 'h 
of U11, which is used to key 
the transmitter. 

A problem I encountered 
with this circuit was having 


ID with a PROM 

--and program it yourself 


William Hosking W7JSW 
8626 E. Clarendon 
Scottsdale AZ 6S2S7 
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Like all TTL circuits, this 
one is somewhat rf sensitive. 
As a result of this problem, I 
have built the last two of 
these identifiers in aluminum 
boxes and brought the con¬ 
nections out through feed¬ 
throughs. This appears to 
solve the rf susceptibility pro¬ 
blem. 

I am using the logic output 
of U4 to key an NE555 audio 
oscillator, which is in turn 
sent to the microphone input 
of the transmitter through 
RA and CA, which roll off 
the audio above 3 kHz. The 
logic out of U4 could be used 
to CW key a transmitter 
through a relay or transistor 
if desired. 

Operation 


Fig. 1. Circuit of the identifier. For a 128 bit ID, connect U2, pin 11 to U6A, pin 10, and U6A, 
pin 9 to ground. For a 256 bit ID, connect U2, pin 11 to U6A, pin 9, and U6A, pin 10 to +5. 
R1C1 set the dock frequency and therefore the speed of the identifier. R2C2 set the tone of 
the audio output. Note 1C numbers at bottom of figure. 





the identifier re-keying itself 
and then identifying either 
continuously or once every 
three minutes. I wound up 
isolating the COR/PTT 
circuits with a diode, and 
using the second half of U11 
as an input gate. This seems 
to work alright and not re¬ 
trigger. 


A typical interconnect is 
shown in Fig. 2. Diode D1 
alows the output keying to 
ground the transmitter PTT 
line without grounding the 
identifier input. 

I have one of these 
installed on a Motorola 
repeater with solid state con¬ 
trol logic. On that repeater, I 
use the "Repeater PTT” line 
to key the identifier and I use 
the identifier output to key 
the "Local PTT” line. In this 
application the diode is not 
required, since the 


Fig. 2. Typical repeater interconnect with the identifier. The 
COR is in the receiver or terminal and the PTT relay is usually 
art of the transmitter power supply. Diode D1 must carry the 
current of the PTT relay. 
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Fig. 3. This shows how the memory is programmed for "DE 
WR7ABC." An “X" indicates a programmed "1" and an open 
block indicates a "0". The memory is read from BO to B7 and 
r rom AO to A31, as shown by the arrows. 


Fig. 4. A simple connection for programming an 8223 
memory. The word address is selected by S4-S8. Each bit 
where a “1" is required is selected sequentially by S3. S2 is a 
push-button depressed momentarily after SI is set to "Pro¬ 
gram. " 
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Inside of the identifier. The construction is on perforated board with stick-on solder pads on 
the underside. This is a prototype unit and the large 1C in the center is the PROM used instead 
of the 8223 shown on the schematic. On the rear of the chassis are filters to provide rf shielding 
of the leads. The plug on the left was an afterthought added to provide flexibility of 
connection. (In case you are wondering about the WR7ABR S PHX on the PROM ... it is a 
512 bit memory and has both ABR and ABS messages in it.) The wires and socket inside the top 
of the case are for the five volt regulator (LM309K). 


"Repeater" and "Local" PTT 
lines are isolated. 

Programming 

I have suggested use of the 
8223 type PROM because it 
is about the right size for a 
repealer ID, it is relatively 
inexpensive, and it is fairly 
easy to program. I used some 


larger (512 bit) memories for 
the units I built since they 
were available, but over half 
the memory is unused. 

Setting up the program is 
straightforward. Fig. 3 shows 
“DE WR7ABC” programmed. 
The bits are used as follows: 
dot - 1 bit; dash - 3 bits, 
intercharacter spacing - 1 


space; interletter spacing - 3 
spaces; and word spacing - 6 
spaces (a bit is a one, a space 
is a zero). A simple program¬ 
ming jig is shown in Fig. 4. 
This arrangement, although 
simple, is tedious because 
each binary address must be 
set in manually bit by bit (5 
toggle switches). I have built 


a couple of programming rigs, 
and I suggest that the first 
step in sophistication be a 
thumbwheel address switch, 
preferably octal (as BCD to 
binary conversion is compli¬ 
cated). I have a jig for the 
74186 type 512 bit 
memories, and used two BCD 
coded switches. I only use 0-7 
on each and then do all my 
address setting in octal. 

I must warn you, based on 
many wasted devices, that 
once you have set a particular 
bit in a PROM to a "I” it 
cannot be changed. The 
moral of this is that you must 
double-check your program 
and then do the programming 
slowly and very carefully. 

Conclusion 

This circuit has a lot of 
room for modification or 
change. For instance, the 
hold-off timer or re-trigger 
capability could be left out, 
or the time changed. The 
output of U4 is a TTL signal 
which, if used to turn on a 
transistor or relay, could 
directly CW key a trans¬ 
mitter. In my IDers I used 
512 bit memories, and in one 
of them I have the capability 
of a TTL input which can 
change messages by switching 
halves of the memory. 

As I mentioned, I can pro¬ 
gram the 54/74186 or 
MCM5003 type devices and 
will be glad to help people 
with information on pro¬ 
gramming. Please, however, if 
you request information, 
send an SASE. ■ 
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The Amazing Inverted L 

- - antenna for 20, 40 and 80m 


A re you looking for an 
antenna that will out¬ 
perform the usual horizontal 
dipole or trap vertical? How 
about an antenna that 
"works’’ just as well day or 
night on 80, 75 and 40, 
whether it's long or short skip 
conditions prevailing at the 
moment? Does the thought 
of a tendency to minimize 
signal fading (QSB) strike 
your fancy? 

As illustrated, this antenna 
system requires a transmatch. 
Well, there go about half of 
the readers scrambling off to 
the next article. Those 
remaining might want to try 
something that is out of the 
ordinary, and certainly better 
than some of the simple 
coax-fed types. 

If you examine Fig. 1 
closely, you will see why this 
is called a system antenna. It 
consists of all of the ground 
reflecting screen wires and 
radials, as well as the simple 
antenna radiating element. 
All of this is what gives it the 
above average characteristics 
in overall signal strength. 

Some Theory 

Ideas for this system were 
heavily borrowed from 
articles in 73, QST and CQ 
magazines (see references). 
The inverted-L is somewhat 
noted for a bit of diversity 
action. I enhanced this by 
extended (at least for 40 and 
20) radials for the vertically 


polarized field, and a ground 
"screen,” parallel to the 
flattop, for the horizontal 
field. This seemed to stabilize 
the overall response regardless 
of seasonal weather changes 
upon the earth in the imme¬ 
diate vicinity. 

There seem to be several 
factors concerning signal 
fading. Some of these are 
changes in the skywave angle 
for transmitting and recep¬ 
tion, as well as polarization 
shifts. This antenna has 
vertical and horizontal polari¬ 
zation, as well as high, 
medium and low radiation 
angles. At first one might 
think that "spraying” the rf 
in many directions of angles 


and polarizations will reduce 
the field strength in any one 
plane. However, on-the-air 
results dispel this notion. 
Instead, the opposite seems 
to be true over skip paths, 
with a higher average of signal 
strength as compared to 
ordinary dipoles and verticals, 
trapped or untrapped. 

For 20 meters, the end-fed 
flattop will have several lobes 
at the medium radiation 
angles. The vertical section 
has a very low angle omni¬ 
directional pattern. On 80 
(75) and 40 meters, the 
flattop contributes to the 
high angles necessary for day¬ 
time use. The ground screen 


short skip gain on 80 (75) 
and 40. A "barefoot” trans¬ 
ceiver at 130 Watts average 
input on SSB usually sounds 
stronger than “normal," for 
example. The vertical section, 
along with the radials, takes 
care of the low angles for DX 
at night. 

Details 

When it comes time to put 
in the grounding system, 
don’t conjure up frightening 
ideas of deep long trenches 
tearing up your dandelions. 
In fact, a deeply entrenched 
ground system will not work 
as well for this antenna as one 
that is above, on, or just 
below the earth’s surface! My 
first ground system was 
simply lying on the snow- 
covered yard (and part of the 
neighbors’ backyards). The 
antenna worked Fine. When 
soggy spring season rolled 
around, I then took a large 
hunting knife and slit the 
spongy earth alongside the 
grounding wires and pushed 
them in about one inch. Now 
some of the radials were 
running just underneath my 
neighbors' well-manicured 
lawns! 

One important item 
should be noted: All of the 
grounding wires must be fully 
insulated, including the 
soldered joints. Use a plastic 
type of insulated wire such as 
bell wire or hookup wire. The 
wire size is not too impor¬ 
tant. I used #20 solid insu- 


underneath it seems to give it 
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I a led hookup wire from 
Radio Shack. Electrical tape 
can be used to insulate the 
soldered joints and ends of 
the wires. 

Don’t skimp on the 
radials. Laying them at night 
under a full moon into a 
reluctant neighbor's turf can 
be exciting. If your own 
property cannot accommo¬ 
date fully stretched-out 
radials, and that German 
shepherd next door is unco¬ 
operative, then at least lay 
them zigzag on your own lot 
as best you can. Don’t 
shorten or reduce the number 
of radials. 

The radiating element is 
#12 hard drawn copper 
enameled “antenna” wire. I 
suppose #14 will work just as 
well. I happen to like #12 for 
increased strength and 
possibly lower losses. The 
flattop section was suspended 
between two maple trees. The 
“free” end was stabilized 
with a rope and pulley affair 
hooked to the tree, using an 
old rock-filled paint can as a 
weight. My flattop was 
oriented east and west. 

Transmission Line 

Here is the part that looks 
questionable, but it seems to 
work. The whole thing is fed 
with 300 Ohm “balanced” 
line. I used the oval foam 
core type of UHF TV line. 
This handled my rig’s 100 
Watts output. For high 
power, I recommend the 300 
Ohm transmitting twinlead. 
My feed line was run through 
a cheap discount store 3 A inch 
plastic hose, buried about 3 
inches. I split the ground with 
a garden spade, and wiggled it 
back and forth a couple of 
times to spread the earth 
after each “stab.” Yes, it’s a 
bit tedious. When the feed 
line equipped hose was 
buried, I then stomped on the 
trench over the entire length, 
and after a couple of rain 
showers, it became invisible. 

Be sure that both ends of 
the hose are well sealed. I 
used tape, and then smeared 
G. E. Silicone Seal over this. 


It has been my experience to 
find that "breather” holes are 
prone to suck in water. So 
seal both ends of the hose 
well, and don’t worry about 
so-called “condensation.” If 
you are using the air-core 
type of twinlead, then seal up 
both of these ends also. 

Perhaps the 300 Ohm 
openwire (half inch) TV 
“ladderline” may also fit 
inside a large diameter hose. 
Its own insulators may help 
to keep it “centered” within. 

I have not tried this, but it’s 
an idea that should have good 
power handling capabilities. 
The hose is used only for the 
underground portion of the 
transmission line, to help 
keep it dry and physically 
separated from ground. 

I used both a balanced and 
an unbalanced type of tuner. 
Either one gave the same field 
strength readings at about 
one city block distance. Both 
of mine were able to load the 
system easily. Should you 
encounter a loading problem 
on one of the bands, try 
cutting or lengthening the 
feeder a couple of feet or so. 
Chances are you will still load 
up all right on the other 
bands. 

If you are going to use an 
unbalanced type of tuner, 
make sure that the “hot” lead 
goes to the “antenna” side of 
the line, and the grounded 
part of the tuner goes to the 
“ground” side of the line. 
That may have been stating 
the obvious, but it is easy to 
get these feeder leads reversed 
to an unbalanced coupler. 
Yours truly did it, and the 
effect is sneaky. Reception 
seems fine at first; however, 
your transmitted signal is 
very weak! 

Conclusion 

This antenna system does 
not completely eliminate 
QSB, but if you compare it 
by switching it between an 
ordinary dipole and vertical 
(including the trap varieties), 
you will hear the differences. 

One more thing. A 
“different” type of antenna 



makes a good conversation 
topic — especially if your 
signal is above normal for 
that particular time of day! ■ 
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Battery Chargers 
Exposed 

- - more than you probably 
wanted to know 


A battery charger is one 
of the most common 
dc power supplies in use by 
the general public today. 
Chargers are available from 
Wards or Sears catalogs for 
charging auto batteries at 
charge rates from several 
Amps to over 100 Amps. 
Also in common usage are the 
small battery chargers 
designed to recharge a variety 
of cordless appliances, from 
toothbrushes to electric 
carving knives. These smaller 
chargers are usually designed 
to charge tiny nickel- 
cadmium (nicad) batteries 



Fig. I. Basic charger using 
constant-current generator. 


that are more or less per¬ 
manently built into the 
appliances. More recently, the 
nicad battery has been 
supplemented by another 
“sealed” type of rechargeable 
battery: the “gelled-elec- 
trplyte” lead-acid battery. 
"Gell-Cell” is Globe-Union’s 
trademark for such a battery. 
The gelled-electrolyte lead- 
acid batteries are generally of 
larger physical size and 
weight than nicads, and are 
used in portable transceivers. 



Fig. 2. Approximation of 
constant-current charging 
using constant-voltage genera¬ 
tor and. series resistor (R). 


standby lighting systems, 
intrusion alarm systems, and 
similar applications. 

There are differences 
among chargers for use with 
conventional lead-acid 
batteries (such as used in 
autos), and still other differ¬ 
ences among the small 
chargers designed for the 
“maintenance-free” batteries. 
We will look at a variety of 
chargers, to see what they 
basically do, and to see how 
they differ. 

The main function of any 
battery charger is to cause 
current to flow back into a 
battery in the opposite direc¬ 
tion from which current 
flowed during discharge. 
Batteries, when used 
properly, are relatively con¬ 
stant-voltage devices, so the 


Fig. 3(a). With E2 discharged, 
1 = (111-11)120 = 5 A; with 
E2 charged, I = (111-13)/20 = 
4.9 A. 



Fig. 3(b). With E2 discharged, 
/ = (15-11)/0.8 = 5 A; with 
E2 charged, / = (15-13)10.8 = 
2.5 A. 



Fig. 4. Typical inexpensive 
commercial battery charger. 

most meaningful measure¬ 
ments in battery charging are 
made in Amperes. The cur¬ 
rent for charging can come 
from a number of sources; 
the commonest source, 
today, is a low voltage 
secondary transformer and 
solid state rectifier. In years 
past, motor generators, and 
low voltage transformers with 
older types of rectifiers, were 
extensively used as chargers. 
The principle was always the 
same: Force current back 
into the battery to charge it. 

The basic battery charger, 
shown in Fig. 1, uses a cur¬ 
rent source. Since current 
sources are not as common as 
voltage sources, an approxi¬ 
mation to a current source 
can be made as shown in Fig. 
2. By making E] large com¬ 
pared to E2 (the battery 
voltage), essentially constant 
current will flow during the 
battery charging cycle, even 
though E2 rises slightly as the 
battery nears full charge. To 
see quantitatively how this 
works, let’s take the two 
examples shown in Figs. 3(a) 
and 3(b). In both cases, we’ll 
assume that the uncharged 








Fig. 5. Simple battery charger with current-limit resistor in 
transformer primary. 


Fig. 6. Heath GP-21. *Allon one heatsink. 


(lead-acid) battery starts with 
an E2 of 11 volts, and that 
E2 at full charge rises to 13 
volts. In Fig. 3(a), the current 
at the start of charge is 5 
Amps and at the end of the 
charge cycle is 4.9 Amps. 
That is, the charge rate has 
only changed 2% during the 
charging cycle. 

In the example in Fig. 
3(b), however, current under¬ 
goes considerable change 
during the charge cycle. As in 
the first example, the charge 
starts out at 5 Amps, but 
drops to 2.5 Amps at the end 
of the cycle. This latter case 
is typical of most inexpensive 
battery chargers on the 
market; the number of 
Ampere hours put into the 
battery is difficult to calcu¬ 
late, however. This latter case 
is a simple form of “tapered 
charging" and is actually a 
reasonable approach, 
especially if you're the type 
who forgets to turn off the 
charger. The smaller end- 
charge current will not elec¬ 
trolyze away as much water 
from the battery as fast as 
with constant-current 
charging (if the charger is left 
on too long). 

Modern commercial 
battery chargers, available 
from auto supply stores and 
mail order catalogs, are gen¬ 
erally of the form shown in 
Fig. 4. Selenium disc recti¬ 
fiers are still used because 
they have a rather large for¬ 
ward voltage drop, and so can 
make it unnecessary to use a 
dropping resistor. Another 
trick used in commercial 
battery chargers is to wind 
the transformer so as to have 
a relatively large equivalent 
secondary leakage induc¬ 
tance, and thus eliminate the 
need for a current-limiting 


resistor. 

In older types of chargers, 
copper-oxide-disc and 
tungar-bulb rectifiers were 
used; these rectifiers also had 
considerable forward drop. 
Older chargers can occa¬ 
sionally be retrieved from the 
“back of the garage” and 
returned to use by replacing 
non-functioning rectifiers 
with modern silicon rectifiers. 
However, when doing this 
replacement, be sure to add 
some current-limiting resis¬ 
tance to make up for the 
higher efficiency of the new 
diodes. The value of resis¬ 
tance can readily be deter¬ 
mined by charging a dis¬ 
charged battery, starting with 
a reasonable guess as to resis¬ 
tance value, and watching the 
ammeter. One can even add 
the current-limiting resistance 
in the primary of the charger 
transformer, if that’s easier. 


Primary current-limit resistors 
are, of course, higher in resis¬ 
tance than those in the 
secondary circuit. A home¬ 
made charger using a 200 
Watt light bulb as such a 
primary resistor is shown in 
Fig. 5. 


In recent years, there has 
been progress in making elec¬ 
tronically-controlled chargers 
that charge conventional 
lead-acid batteries completely 
automatically. Such chargers 
are now commercially avail¬ 
able, and you may connect 




Fig. 8. Battery charger using 1C control with adjustable finish voltage. D1-D5: 1N4002 or 
Motorola HEP-R00S1. D6: 2N682 or Motorola HEP-RT471. BRI: 12 Amp integrated bridge, 
Motorola MDA980-2 or HEP-R0876. BR2: 7 Amp integrated bridge, Varo VE27. QJ: 2N3641 
or Motorola HEP-S0015. U1: Raytheon RC4195NB. U2: National LM319D. 





Fig. 9(a). PC layout for charger in Fig. 8. 



Fig. 9(b). PC parts placement. 


your battery to the charger 
and essentially forget it. Such 
an automatic charger is the 
Heathkit GP-21. The GP-21 is 
not only self-controlling, but 
is protected against shorting 
the battery leads together and 


reversing the battery leads. 
Either of these two operator 
errors produces no sparks or 
opening of breakers, but 
simply non-operation. The 
Heathkit GP-21 is shown in 
Fig. 6. Note that Q3 and Q4 


are involved in the lead¬ 
shorting and reversal protec¬ 
tion; the basic charger can be 
simplified (for circuit under¬ 
standing) to that of Fig. 7. 
Whether the GP-21 charges 
the battery depends on 
whether the 12.8 volt zener 
(D8) conducts; that is, 
whether the battery terminal 
voltage is over 12.8 volts. If 
the battery voltage is below 
12.8 volts, the battery needs 
charge, D8 does not conduct, 
Q2 is “off,” and Q1 is 
allowed to pass full wave rec¬ 
tified 60 Hz via R1 and D5 to 
the gate of D7. Thus D7 turns 
on (at 120 Hz rate) to pass 
current to the battery. If, on 
the other hand, the battery 
voltage is above 12.8 volts, 
D8 conducts, causing Q2 to 
be “on,” which clamps the 
base of Q1 to ground (via D6) 
and full wave rectified 60 Hz 
is not passed via Rl, Q1, and 
D5 to the gate of D7. So in 
this second case (with a 
“charged” battery, with 
terminal voltage over 12.8 
volts), D7 is prevented from 
passing additional current to 
the battery. 

The circuit of the Heath 
GP-21 could probably be 
duplicated by many home- 
constructors, but the 12.8 
volt zener is a nonstandard 
value. The cost of parts 
would almost certainly 
exceed the Heathkit cost, 
however. I built an automatic 
charger that has performance 
similar to that of the Heath 
GP-21. This charger was built 
to use two 6.3 V, 10 Amp, 
filament transformers as the 
main current source; such 


filament transformers are 
usually pretty common in 
ham “junk boxes.” The 
feature of the charger shown 
in Fig. 8 is that an LM319D 
dual comparator is used to 
sense “end-of-charge” battery 
voltage and to provide 
“reversed charger leads” and 
"shorted charger leads” pro¬ 
tection sensing. In this 
circuit, the “end-of-charge” 
voltage is adjustable by means 
of a small 2k trimpot. The 
LM319D uses a +15 volt 
supply which is provided by a 
Triad F40X, bridge rectifier, 
and Raytheon RC4195 dual 
regulator 1C. A fraction of 
the +15 volts regulated 
voltage (as voltage-divided by 
the two 6.2k resistors in 
series) is used as the voltage 
reference against which the 
lower comparator compares a 
fixed fraction of the battery 
voltage. The function of the 
upper comparator is to sense 
a “reversed leads” or 
“shorted leads” condition. In 
order to facilitate construc¬ 
tion of this charger, the con¬ 
trol circuitry has been laid 
out on a PC board, shown in 
Fig. 9. The larger com¬ 
ponents, and those on the 
heat sink, are mounted off 
the PC board. 

The nicad battery was one 
of the first “maintenance- 
free” rechargeable batteries 
introduced in the U.S. It is 
quite different from the lead- 
acid battery, in that the elec¬ 
trolyte is a strong base 
(potassium hydroxide or 
sqdium hydroxide) instead of 
an acid. The plates are made 
of nickel hydroxide (positive) 
and cadmium (negative). 
Although nicads can be made 
with conventional filler caps, 
so that they may be main¬ 
tained like auto batteries, 
most of the small ones are of 
the “sealed" type. These 
“sealed" nicad batteries are 
the ones most used in hand¬ 
held transceivers and small 
appliances. The electrolyte in 
such batteries is held in a 
separator between the 
positive and negative plates, 
which is also gas-permeable. 
The gas-permeable separator 
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Fig. 10(a). General Electric nicad cell structure. 


absorbs oxygen which the 
battery liberates when it is 
over-charged. Almost all 
“sealed” nicad cells have a 
safety release value, however, 
so that in extreme overcharge 
conditions they won't 
explode. Some of these valves 
are of the resealing type and 
some are not. Fig. 10 shows 
the overpressure vents of the 
Sonotone and G.E. units. The 
point here is that even 
"sealed" nicads may vent 
gasses, if severely mistreated. 

The "sealed" nicad is gen¬ 
erally charged with a con¬ 
stant-current type of charger, 
with the addition of a voltage 
limit across the battery. This 
sort of charger can be rela¬ 
tively simple, as several con¬ 
struction articles in the ama¬ 
teur literature have shown. 2 * 3 
In Fig. 11, three approaches 
to the constant-current, 
limited-finish-voltage charging 
method are shown. The first 
method relies on the non¬ 
linearity of light bulbs to 
approximate constant current 
(the resistance of a light bulb 


decreases with decreasing 
voltage across it). The light 
bulb charger, Fig. 11(a), is 
similar to one shown in refer¬ 
ence 2. Fig. 11(b) shows the 
FET approach of reference 3; 
the FET has an inherent con¬ 
stant-current characteristic 
which is utilized in this 
charger. The large number of 
FETs is required because it is 
desired to utilize the inexpen¬ 
sive plastic types. Since the 
nominal ld ss of the HEP-802 
or F 0015 FETs is nominally 
2 to 20 mA, some “picking 
and choosing” must be done. 
Units with ldss of 8 to 15 mA 
will be considered usable in 
this circuit. The sum of ldss 
for units Q1 and Q2 will be 
15 mA, and the sum of Ids 
for units Q3 through Q6 will 
be 35 mA. A switch is used to 
connect Q3 through Q6 for a 
total current of 50 mA during 
"charge”; when this switch is 
opened, the current drops to 
15 mA for “float" or 
"trickle” charge. The zener 
diode D1 limits the “finish” 
voltage, as in Fig. 11 (a). 



Fig. 10(b). Sonotone nicad cell structure. 


The charger in Fig. 11(d) 
produces constant current by 
means of a simple transistor 
circuit, in which the current 
is adjustable by the user by 
means of R]. The “charge- 
float” switch is closed during 
"charge” to raise the value of 
constant current. As in the 
chargers of Figs. 11(a) and 
11(b), a zener diode is used 
to limit the "finish” voltage. 

All of the chargers in Fig. 
11 were intended to be used 
with a ten-cell pack of 
nominal 12.5 volts, as used in 
many transceivers. The in¬ 
dividual cells in such a pack 
are of the AA size (penlite) 
and have about 400 mAh 
(milliamp-hour) capacity. The 
Sonotone S-101 or General 
Electric XGCF450ST are 
representative units of this 
type cell. As a general rule 
one charges at a rate that is 
1/10 the mAh rating of the 
cell or battery. That is, for a 
400 mAh battery, we should 
charge at a rate of about 40 
mA. Such a charge rate would 
appear to fully charge a 400 
mAh battery in 10 hours, but 
usually nicad batteries are 
overcharged at least 25%, as 
recommended by the manu¬ 
facturer. No damage is sup¬ 
posed to occur if longer over¬ 
charging occurs, but most 


battery manufacturers recom¬ 
mend a much lower “float" 
or “trickle” rate after the 
battery has been overcharged 
about 150%. It is possible to 
use higher charge rates with 
nicads, especially if special 
types are used, and accurate 
timing is made certain. For 
example, in an AA cell, 
General Electric offers the 
XKCF450ST, which will take 
a 150 mA overcharge rate 
(more than 3 times normal). 
In any case, the recom¬ 
mended rates of the manufac¬ 
turer should be consulted 
before any rapid charge mode 
is tried. 

Although it has only in¬ 
direct connection with nicad 
battery charging, the dis¬ 
charge cycle is also quite 
important, too. In series 
groups of nicad cells, the 
individual cells do not always 
hold equal charge, and the 
one which discharges first 
may be run down into “cell 
reversal.” This is considered 
bad form, and can destroy 
the reversed cell. One way to 
help avoid cell reversal is to 
make sure that the system 
powered by the nicad battery 
stops its drain when the 
battery voltage drops to 1 
volt per cell. That is, for our 
12.5 volt pack, operation 




would be stopped at 10 volts, 
and a charging cycle started. 
A more detailed article on 
nicad batteries is presented in 
reference 4, for those inter¬ 
ested in all the tricks. 

The lead-acid, gelled-elec- 
trolyte battery has been 
introduced more recently, 
and is designed to be a lower 
cost '‘maintenance-free” unit. 
The gelled-electrolyte battery 
is similar to a standard lead- 
acid battery in per-cell- 
voltage and in the chemical 
reactions inside it. The elec¬ 
trolyte is held in a gell, how¬ 
ever, so the battery may be 
used in any position, and 
there are no filler caps. The 
gelled electrolyte batteries 
have no “cell reversal” prob¬ 
lem nor the “memory effect" 
characteristic of nicad 
batteries. They do vent 
during normal overcharge, 
and usually have resealing 
vent valves for this reason. 
This venting causes a loss of 
the water in the gelled elec¬ 
trolyte, which cannot be 
replaced, so the cells do have 
a limited life, depending on 
how much overcharge is usecl. 
The recommended method of 
charging one such gelled- 
electrolyte battery, the 
Elpower “Solid Gell” battery, 
will serve as an example of 
how at least one manufac¬ 
turer feels it should be done. 
The Elpower EP1230A is a 
12 volt, 3 Amp-hour unit and 
is charged at a maximum cur¬ 
rent of 0.45 Amps until a 
battery voltage of 14 volts is 
reached. The voltage is then 
held constant at 14 volts until 
the charge current drops to 
0.040 Amps. At this point 
the charger is disconnected or 
switched to "float." The 
“float" mode keeps 2.2 volts 
per cell across the battery, or 
13.2 volts for the EP1230A. 

The charger in Fig. 12 is 
designed to charge a 12 volt, 
3 Ah gelled-electrolyte 
battery, such as the Elpower 
EP1230A. It is essentially a 
constant-voltage regulator 
with current-limiting as 
designed around a National 
LM305H, with the usual 
PNP-NPN pair to increase cur¬ 
rent capability. The constant 


output voltage is adjusted by 
means of the 5k trimpot and 
the current limit is controlled 
by the value of the 0.68 £2 
resistor. This 0.68 £2 resistor 
is actually a 1 £2 and a 2.2 £2 
half-Watt resistor in parallel. 
All the circuitry above the 
dotted line is added to the 
standard regulator to accom¬ 
plish the special gelled- 
electrolyte charging require¬ 
ment. This added circuitry 
consists of 1N4454, LED, 
LM311H voltage comparator, 
2N4302, FCD810 opto- 
coupler, six resistors, and two 
pots. 

The way that the charger 
circuit works is as follows. 
When you connect a dis¬ 
charged battery across the 
output, the battery will tend 
to draw unlimited current, 
since the supply has constant 
voltage output, and the 
battery voltage is (pre¬ 
sumably) lower. The 
current-limiting function of 
the LM305H immediately 
comes into effect, however, 
and only 0.45 Amps is 
passed, so the output voltage 
drops to that of the battery. 
As the battery charges (at the 
constant-current rate of 0.45 
Amps), its terminal voltage 
rises slowly to 14 volts, but 
cannot rise above this voltage 
because of the voltage regu¬ 
lating action of LM305H cir¬ 
cuit. So when the battery 
voltage gets up to 14 volts, 
the charging current starts to 
diminish. During the initial 
constant-current and con¬ 
stant-voltage phases of 
charge, the voltage at point 
"A” is higher than that at 
point “B," both with refer¬ 
ence to point “C.” The 
voltage “BC” is constant 
because of the regulator 
formed by the 2N4302 and 
1N4454. As charging current 
through the 0.68 £2 resistor 
drops, the voltage “AC” 
drops until it is no longer 
more positive than voltage 
“BC.” At this point the 
LM311H output changes 
from “high” to “low,” which 
turns on the LED and the 
LED inside the optocoupler, 
FCD810. This in turn causes 
the optotransistor in the 


FCD810 to saturate, and con¬ 
nects the 10k and 250k pot 
across the LM305H sensor- 
divider. The constant-voltage 
output of the LM305H regu¬ 
lator is thereby dropped from 
+14 to +13.2 volts. 

Since there are several 
adjustments on the charger, 
the setup is somewhat com¬ 
plicated. First, pull the 
FCD810 out of its socket, 
and with a voltmeter across 
the charger output (no 
battery, yet), adjust the 5k 
trimpot f<?r +14 volts output. 
Then add a 350 £2, 25 W 
rheostat across the terminals 
and decrease resistance until 
regulation is lost (as indicated 
by a drop in output voltage as 
read on the voltmeter). This 
point should correspond to 
0.45 Amps on the ammeter; 


if it does not, the size of the 
0.68 £2 current-sense resistor 
should be adjusted. The 
FCD810 should now be 
restored to its socket and the 
350 £2 rheostat increased in 
resistance until the red LED 
lights. This should correspond 
to about 40 mA on the 
ammeter; if not, the 500 £2 
trimpot should be adjusted 
until the proper trip point is 
achieved. Since the LM311H 
has deliberately had 
hysteresis added to its circuit 
(the 3.3 meg resistor), it will 
be necessary to adjust the 
350 £2 load down in resis¬ 
tance considerably until the 
circuit untrips, as indicated 
by the LED going out. The 
350 £2 rheostat is then 

decreased in resistance to find 
the new trip point, and so on. 



Fig. 11(a). 








After a satisfactory trip 
point of about 40 mA is 
found, the float voltage may 
be set to approximately 13.2 
volts. This is done with the 
250k trimpot. 

Finally, there is one 
awkward condition that may 
occur when charging a 
partially discharged battery. 
If the discharged battery does 
not draw enough current 
from the charger to “untrip” 
the LM311H, the output 
voltage will stay at +13.2 
volts. This will not do much 
charging of the battery. A 
push-button switch and 50 £2, 
5 Watt load are provided to 
"untrip” the circuit and move 
the charger to +14 volt 
output slate. The red LED 
indicator is “on" when the 
charger is in the +13.2 volt 
state and “off’ when the 
charger is in the +14 volt 

In this article we’ve 
attempted to cover the 
several common rechargeable 
batteries and their chargers. 
Specific charger circuits, both 


conventional and automatic, 
have been shown. Hopefully, 
enough details of circuit oper¬ 
ation have been given to 
enable the astute experi¬ 
menter to redesign the 
circuits for the particular 
battery he needs to charge. 
The references appropriate to 
each charger should be con¬ 
sulted, of course, to glean 
additional details when modi¬ 
fying these circuits. In addi¬ 
tion, it cannot be emphasized 
too greatly that the manufac¬ 
turer’s recommendations on a 
particular battery should be 
followed regarding both 
charge and discharge cycles! ■ 
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TS-1 MICROMINIATURE ENCODER-DECODER 

□ Available in all EIA standard tones 67.0Hz-203.5Hz 

□ Microminiature in size, 125x2.0x.65" high 

□ Hi-pass tone rejection filter on board 

□ Powered by 6-l6vdc, unregulated, at 3-9ma. 

□ Decode sensitivity better than lOmvRMS, bandwidth, ±2Hz max, limited 

□ Low distortion adjustable sinewa ve output 

□ Frequency accuracy, ±.25Hz, frequency 
stability ±.1 Hz 

□ Encodes continuously and simultaneously 
during decode, independent of mike 
hang-up 

□ Totally immune to RF 
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How Do You 
Use ICs? 

- * part III 


T he ICs (Integrated Cir¬ 
cuits) used in frequency 
dividing circuits are one 
group of ICs that can restore 
your faith in the 1C dream. 
While many of them were not 
primarily designed for just 
that purpose, they Find wide 
application in many 1C pro¬ 
jects. 

They are probably the 
easiest circuits to hook up 
and use, and in the applica¬ 
tions to be shown, require no 
external parts. While there are 
several which are commonly 
known and used, there is one 
in particular that stands out 



as perhaps the most fre¬ 
quently used: the 7490 
Decade Counter. 

The 7490 is used two ways 
in a frequency counter. One 
section of the counter uses it 
as part of the actual counting 
circuit, where it connects 
with the driver that runs the 
numerical readout. Using a 
slightly different hookup of 
the same device, it is used in 
the timing chain to divide the 
basic “clock” or oscillator 
frequency to the desired 
time. 


This is the hookup to be 
discussed here. It is so com¬ 
monly used for all clock, 
timing or frequency dividing 
circuits that once it is 
learned, whole sections of 
equipment will fall into place. 

Depending on how it is 
hooked up, the 7490 will 
divide the input frequency to 
it by two, Five or ten. It will 
do this with any frequency 
up to the device’s frequency 
limit, about 20 MH2 for the 
7490, and higher for the high 
speed versions of the 7490. 



Fig. /. 7490. 


Fig. 2. 7490. 


It is remarkably uncritical 
to use. The only basic re¬ 
quirement for it, and the 
other divider ICs, is to feed it 
a square wave. If you feed it 
with a 7400 oscillator or 
something similar, this will be 
taken care of automatically. 

If you are using a sine 
wave source, you will have to 
run it through a clipping 
circuit. The 1C oscillator feed 
is the more common by far. 
The signal is usually fed from 
one section of the 7400 used 
as a buffer stage between the 
oscillator and the divider, but 
this is not always done. 

Once the basic patterns of 
hooking up the 7490 as a 
frequency divider are learned, 
you will have them, and it is 
just a question of applying 
them to your use. 

Fig. 1 shows the divide by 
ten circuit. Simple, isn’t it? 
All you do is ground pins 2, 
3, 6, 7 and 10, connect pin 
11 to pin 14, feed the input 
signal to pin 1, and take the 
output from pin 12. 

As Fig. 2 1 shows, adding 
stages is just a matter of 
repeating the same thing, 
with the output of one stage 
going to the input of the 
next. 

While not always used, it is 
not uncommon that there 
will be a bypass capacitor 
connected between the Vcc 
pin and ground with this and 
the other divider ICs. One is 
used for each 1C in the chain. 
The value is usually 0.01 to 
0.1 uF. 

To get divide by two and 
divide by five, it helps to 
understand how divide by ten 
is arrived at. The 7490 
actually starts off by dividing 
by five and two, the two 
being combined to get divide 
by ten. 

Pin one is the divide by 
five input. The output is at 
pin eleven. The divide by two 
input is at pin fourteen and 
the output at pin twelve. For 
divide by ten, the divide by 
five output is connected to 
the divide by two input. 

Without this connection 
between pins eleven and four¬ 
teen, the two sections are 
available for separate use. An 





Fig. 


input to pin one will yield 
divide by five output at pin 
eleven. An input at pin four¬ 
teen will yield divide by two 
output at pin twelve. 

If both outputs are 
desired, both inputs can be 
connected to the frequency 
source and the two outputs 
will be available at their 
respective output pins. 

Examples of these hook¬ 
ups are shown in Fig. 3, A 
and B, and Fig. 4. That is all 
there is to it. Then it is just a 
question of deciding what fre¬ 
quency divisions you want, 
block diagramming it and 
assembling the needed ICs. 

Switching is not critical, 
and it is easy to get a wide 
variety of combinations that 
will serve many purposes. 
Some forms of these hookups 
are the backbone of the 
various counter and clock 
timing circuits. Learn them 
and a whole section of the 
more complex equipment is 
yours. 

Besides frequency counter 
use, this same type of circuit 
is used for a frequency cali¬ 
brator (secondary frequency 
standard) for receivers and 
transmitters. 

The output from an 1C 
buffer stage is usually con¬ 
nected to the receiver. A 
switching arrangement pro¬ 
vides a choice of available 
output frequencies, such as 1 
MHz, 100 kHz, 10 kHz, 5 
kHz, 2 kHz and 1 kHz. 

For counter use, it is the 
final output signal gating the 
counter part of the circuit 
which determines what the 
frequency range is that is 
actually counted: MHz, kHz, 
Hz or whatever degree is 
desired. 

Considering that the 7490s 
can be bought for as low as 
about 504 each, the tempta- 
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tion is to build a counter to 
read your frequency to 
maybe a few thousandths of a 
cycle — maybe even better if 
you get a good deal on the 
readouts. 

Unfortunately, it just 
doesn’t work that way. There 
is a law of diminishing returns 
that gets in the way. In this 
case, it is a matter of time. 

Starting with a 1 MHz 
crystal, you have a signal of 
0.000001 second per cycle. 
Six 7490s will give you a one 
cycle per second pulse. 

If, for example, you 
wanted to read an audio 
signal to better than one 
cycle per second, you would 
have to have a slower timing 
pulse. This is easy to do by 
adding another divide by ten 
stage, but this is where the 
trouble starts. 

One more stage makes a 
pulse that is ten seconds in 
length. Two stages would be 
needed to read an audio 
signal to within hundredths 
of a cycle per second. 

This means one cycle per 
hundred seconds pulse. That 
works out to one minute and 
40 seconds. Add two more 
decimal places and you will 
wait 1000 seconds which is 
over sixteen minutes. 

Even if your counter had 
timing pulses of that dura¬ 
tion, over a period of that 
long, a high frequency oscilla¬ 
tor is going to have some 



drift. It will be in cycles or 
tens of cycles per second. 

Even if your counter could 
read the actual frequencies, 
past a certain percentage of 
the frequency the readout 
would be a blur because the 
actual frequency would be 
instantaneously changing. 

In practice, quite a bit 
before you reach this prob¬ 
lem, you will run into the 
actual accuracy of the crystal 
used in the timing chain. 

There is a limit to the 
overall accuracy to which you 
will be able to set and main¬ 
tain the calibration of your 
oscillator, which is the overall 
determining factor in how 
accurate your counter will 
be. 2 

If the tolerance of your 
crystal is such that the best 
accuracy you can expect at 
two meters is within a few 
hundred cycles, it will add 
nothing to be able to read 
within cycles per second. 

With the simpler circuits, 
you may have an actual 
accuracy to within a kHz or 
so at those frequencies, so the 
additional digits of readout 
may show you down to 
cycles per second and your 
answer may be off by kHz. 

While you can read your 
transmitter frequency to 
within a very close tolerance 
(up to 30 MHz or so), there 
comes a point where a usable 
reading ceases to exist. For 
normal use, most inexpensive 
counters will put you within 
100 cycles and may even get 
within ten. 

Beyond that it begins to 
become impractical to get a 
figure that is usable with 
simple equipment. Of course, 
with audio frequencies you 
may be able to go down to 
parts of a cycle, but still there 



Tr 



Fig. 4. 7490. 


comes a point beyond which 
there is no usable advantage. 

While the 7490 is the most 
commonly used divider 1C, 
there are others common 
enough to warrant knowing 
about. 

The 7493 Four Bit Binary 
Counter will give divisions by 
two, four, eight and sixteen 
when it is connected as a 
frequency divider. 

The technical data lists 
two ways of hooking it up. 
The first, shown in Fig. 5A, is 
as a four bit binary counter 
with “A" output (pin 12) 
connected to “B” input (pin 
1). This is shown as giving 
divisions of 2, 4, 8 and 16 at 
outputs A (pin 12), B (pin 9), 
C (pin 8), and 0 (pin 11) 
respectively. 

The second hookup does 
not use the A section, but 
feeds the input directly to the 
B input as shown in Fig. SB, 
getting divisions of 2, 4 and 8 
at B, C and D respectively. 

While the above informa¬ 
tion comes from the technical 
data on the device, Fig. 6 3 
shows an actual circuit taken 
from a piece of equipment. 

Here the device has been 
adapted to provide divide by 
six operation, which shows 
you how much respect some 
people have for what the 
device is supposed to be able 
to do. 

The next device of interest 
is the 7492 Divide by Twelve 
Counter. This also has two 



Fig. 5. 7493. 


Fig. 6. 7493. 
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We’re Fighting Inflation. 
No Price Rise for 76* 

FOR FREQUENCY STABILITY 

Depend on JAN Crystals. Our large stock of quartz 
crystal materials and components assures Fast 
Delivery from us! 



CRYSTAL SPECIALS 

Frequency Standards 

100 KH Z (HC 13/U).$4.50 

1000 KH 2 (HC 6/U). 4.50 

Almost all CB sets. TR or Rec .$2.50 

(CB Synthesizer Crystal on request) 

Amateur Band in FT-243 .ea. $1.50 

.4/$5.00 

80-Meter .$3.00 (160-meter not avail.) 

For 1st class mail, add 20* per crystal. For Airmail, 
add 25*. Send check or money order. No dealers, 
please. 
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ways of hooking it up for 
different frequency divisions. 

Connected as a divide by 
twelve counter (Fig. 7A), 
output A is connected to the 
BC input, giving divisions by 
2, 6 and 12 at A, C and D 
respectively. 

If A output is not con¬ 
nected and the signal is fed 
directly to the BC input, you 
get division by three and six 
at C and D outputs respec¬ 
tively, as shown in Fig. 7B. 

These appear to be as easy 
to hook up and use as the 
7490. You just decide which 
of these divisions you require 
and work out the device con¬ 
figuration to do it. They 
hook up like building blocks. 

There does not appear to 
be a consensus about what to 
do with the unused section of 
a divider 1C when you only 
need one part of it. This is 
quite common in practice 
where you only need one 
section to get the required 
division. 

In many instances it may 
be safe to just leave the entire 
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unused section floating, but 
this might be able to cause a 
false pulse or other unstable 
operation. 

You can probably tie the 
unused input to the input of 
the section you are using and 
ignore the output from the 
unwanted section, but the 
safest method might be to tie 
the unused input to the Vcc 
source through a 1000 Ohm 
resistor. 

Some of the circuits show 
the unused section’s input 
connected to ground, but this 
may not be safe for all of the 
devices. 

While not usually referred 
to as frequency dividers, 
there are flip flop ICs which 
can perform the same func¬ 
tion. They can easily be 
applied to a circuit to get the 
required frequency division. 
Two such circuits are shown 
for illustration. 

The first is the 7473 
hooked up to provide divide 
by four output. In this case, 
pins two and six are con¬ 


nected together and give a 
switching feature to control 
the stage (Fig. 8 4 ). 

The second, using a 7476 
(Fig. 9 s ), is quite straight¬ 
forward, but there is one 
unusual feature. Notice that 
the device is split into two 
separate rectangles and that 
inside each are letter designa¬ 
tions as well as the pin num¬ 
bers outside. 

For simplicity, most ama¬ 
teur schematics only make 
use of the pin numbers or 
sometimes use the computer 
schematic symbol for easy 
identification of the device. 

Since these are computer 
circuits, they have a com¬ 
puter terminology not only 
for the device function, but 
also for the names of the 
various connections within. 

The letters refer to those 
names. As they are not really 
needed for our purposes, they 
will not be explained. It is 
unlikely that you will find a 
schematic where the letters 
will be given without the pin 
numbers. 

It is still easy to see that 
the diagram refers to just one 
device even though it is 
drawn in two parts. 

In the unlikely event that 
you do find a schematic that 
just gives the letter names, 
you will have to refer to the 
technical data for that 
particular device. 

Somewhere in there 
should be the full drawing of 



Fig. 8. 7473. 


both sections giving the letter 
names and the pin numbers 
for each pin. 

These circuits have been 
shown to gain familiarity 
with such circuits. As can be 
seen, they are all very similar 
in their lack of complexity. 

These can actually be 
thought of as practical 
building blocks. These, or 
similar circuits, can usually be 
lifted bodily from one piece 
of equipment and used for 
the same purpose in another. 

By keeping a card file of 
such circuits, you will build a 
reservoir of them that can be 
tapped when needed for your 
own equipment. Just deter¬ 
mine what frequency 
divisions are necessary and 
pick the circuits needed from 
your file. 

As you run across other 
devices used for this purpose, 
you should have no trouble in 
recognizing the complete 
circuit and isolating it sche¬ 
matically for your file. ■ 
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Thirty Years of Ham RTTY 

- - from the Model 12 

to the microprocessor 


A mateur radio teletype 
got its start in 1946 
soon after the two meter 
amateur band was opened. 

I remember getting word 
that 2Vi meters was open 
along in September 1945. I 


was teaching radio and radar 
at the submarine base in New 
London at the time, and it 
took but minutes for me to 
dash up to the lab and put a 
rig on the air and start 
making ham contacts. The 



The old Model 12 “warhorse" Teletype machine ... the 
printer that got amateur radio teletype started back in 1946. 


next weekend I drove home 
to Brooklyn and picked up 
my homemade battery trans¬ 
ceiver ... built pre-war out of 
Radio magazine. How many 
of you have seen copies of 
Radiol It was the class maga¬ 
zine of the 30’s and made us 
all wonder what was wrong 
with QST. 

Ten meters was opened, as 
I recall, along about late 
November 1945, and the 214 
meters was changed to 2 
meters in December 1945. 
Within weeks W2BFD was 
going hot and heavy with his 
audio frequency shift radio 
teletype up on 147.96 MHz 
and slowly gathering a group 
of interested pioneers. 

The equipment in those 
days was a Model 12 Teletype 
machine with good strong 
electromagnets for each of 
the five pulses of the Baudot 
code and one whopping 
magnet to make the selected 
key print. Signals were sent 
serially and converted to 
parallel with a mechanical dis¬ 
tributor on the keyboard. 
The whole works made a 
terrible racket and a lot of 
radio hash. 

My own interest in RTTY 
was sparked in 1948 when 1 
heard a peculiar tweedling of 


tones on the high end of two 
meters. It turned out to be 
John Williams and a dozen or 
so other RTTY amateurs 
hunting and pecking away at 
each other. 

Within a few weeks, 1 had 
my own printer and had put 
together a tone generator and 
demodulator, complete with 
autocall circuits, and was 
joining in the fun. 1 also tried 
it out on 11 meters and made 
quite a few good contacts 
with W6s, including W6NRM, 
one of the more important 
RTTY pioneers. On 80m I 
had to use make-break keying 
since FSK was not yet per¬ 
mitted, but even so quite a 
few contacts were made, even 
out to California. 

The two meter distances 
between stations were such 
that beams were required to 
make most of the contacts 
... and that meant that many 
operators were unable to 
copy what was going on. 
John solved this by setting up 
a repeater on top of the 
Municipal Building in down¬ 
town Manhattan. I won’t 
soon forget the project as I 
was the one who climbed out 
on that copper roof one mid¬ 
night in the middle of a snow¬ 
storm to set up the antennas. 
In case you wonder how I 
managed to hang on to the 
steep roof (you can see it as 
you drive across the Brooklyn 
Bridge or the Manhattan 
Bridge), there are little pegs 
sticking up, and these pro¬ 
vided hand and foot holds. If 
it hadn’t been the middle of 
the night I'd never have made 
it ... one look down and I’d 
have had it. 

The repeater made it 
possible for all of the RTTY 
gang to talk with each other. 
Most of us were using auto¬ 
matic circuits which made it 
so messages could be left for 
us when we were not present. 
Often I would leave my 
machine on short start, which 
would permit it to copy 
everything on the channel, 
and 1 would come home after 
a day or two away to find 
maybe fifty feet of rag 
chewing and gossip piled up 
on the floor. 





Some stations were set up 
for automatic roger. This was 
a neat little circuit which 
would turn on the other 
fellow's rig and send back a 
couple of bleeps to let you 
know that your message had 
been copied. It wasn’t exactly 
legal, but it was a good 
pioneering effort. It is a pity 
that the FCC has historically 
made it so difficult for ama¬ 
teurs to experiment and 
pioneer things. One wonders 
what might have been 
developed if amateurs had 
been permitted to have their 
head. Considering the resis¬ 
tance of the FCC to 
pioneering and their 
molasses-like acceptance of 
change, it’s a wonder we’ve 
done as well as we have! 

Speaking of resistance to 
change, we started to work 
toward getting the FCC to 
permit FSK on the low bands 
in 1950 ... it took several 
years before FSK was finally 
permitted. In all fairness to 
the FCC, the time it took was 
not so much a result of their 
slowness as the bitter fight 
put up against RTTY by the 
A R R L . The League 
countered every effort of 
RTTYers with legal efforts to 
stop them. Fortunately for 
the RTTY group, the ARRL 
was in very poor favor with 
the FCC. Despite their 
massive efforts, the ARRL 
racked up quite a few years 
when every single petition 
they put in was refused by 
the FCC and every one the 
ARRL fought was accepted. 

This was the period when 
the Novice license was set up 
(with extreme resistance by 
the ARRL), and the Tech 
license. The chairman of the 
FCC was a ham and he was 
well aware of the attitude of 
ARRL FIQ toward the hobby 
... and he was determined to 
help amateur radio progress 
despite Budlong and Segal. 

The ARRL didn't get a 
friendly reception in Washing¬ 
ton until well after the up¬ 
rising against Budlong and 
Segal led by Mort Kahn 
W2KR, when Budlong found 
himself suddenly ‘‘retired” 
and Segal replaced by Booth. 


Here's Wayne in 1952. Watching are Faye Emerson, Bill Halligan, Skitch Henderson, Conrad 
Nagle and Herb Sheldon. 


Insiders, well aware of the 
utter contempt ARRL FIQ 
had for their sheep-like 
members, found things some- 
what improved under 
Fluntoon (Kahn’s protege). 
Hopefully someone will 
someday write a true history 
of amateur radio and put 
ARRL in its real perspective. 

In the late 50's when the 
Model 15 printers started 
becoming available at reason¬ 
able prices, the Model 12s 
were retired. The Model 14 
strip printers never got to be 
very popular ... hams 
wanted pages of paper, not 
strips. 

When the FCC finally 


released rules permitting FSK 
on the low bands, they were 
already out of date and ex¬ 
tremely inhibiting to experi¬ 
menters. A goodly percentage 
of the RTTY crowd was 
experimentally minded, more 
interested in technical 
developments than in rag 
chewing. The rules stipulated 
850 Hz frequency shift at a 
time when amateurs were 
getting ready to change from 
this age-old standard to much 
narrower shifts. New filter 
techniques and detectors 
made narrow shifts practical. 
Years later the FCC finally 
okayed narrower shifts. 

The requirement for Morse 


Code identification of the 
RTTY station, which the 
FCC eventually admitted was 
not needed, irritated RTTY 
purists. Some retaliated with 
RTTY simulated Morse call- 
signs, others with very high 
speed CW, and some by 
ignoring the whole thing as 
much as possible. 

It was RTTY that got me 
into publishing in the first 
place. I found myself working 
in a spot with a mimeo 
machine in 1951 ... they 
were rather rare at that time 
. .. and within days the first 
issue of the "Amateur Radio 
Teletype Bulletin" was in the 
mail to those amateurs I 






The Model 12 keyboard plugged into the big heavy table. It is 
dominated by the motor which drives the transmitting and 
receiving distributors. It was very noisy. 


Punched tape drive. This is unusual in that it was built in 
about 1952 and had an electronic distributor instead of the 
usual motor driven mechanical job. 


knew to be interested in the my becoming editor. My many amateurs are using 

subject. I put this out enthusiasm for RTTY and Model 33s and 35s, which 

monthly until I took over as other technical innovations cost about as much in today's 

editor of CQ magazine in has been apparent in the 

January 1955. pages of the magazines I have *'• ’ 

As interest in the edited down through the ^ ! \ V 

So here we are thirty years 

later ... the Model 12s are ; . 

long gone, Model 15s are con- i 1 M 

sidered too old for most use, , - | 

Model 28s are popular and " , • • afejttt. 


dollarettes as the Model 12 
1946. 

Even more popular no 


“Bulletin” grew, I shifted to 
offset printing, cramming as 
much as possible in the pages. 
By 1952 my column on 
RTTY started in CQ, and it 
was this that eventually led to 


This is the converter and control panel for the Model 12. Ni 
the filters at the lower right . . . three for the mark and thi 
for the space tones of 2125 and 2975 Hz. Upper left is t 


The Mode! 12 was eventually replaced by the Mode! 15 (19) polar relay for driving the printer magnets. . . selenium power 


printer. Here is a photo of an operator using a ModeI 15 in the supply for the magnets . . . autocall circuits on the upper right. 


73 ham shack in 1963 ... note key for Morse ID. We've This was designed and built by the grandfather of all RTTYers, 


John Williams W2BFD. 






Back view of the electronic distributor showing plug-in tube 
module, power supply and AFSK tuned circuits. 


are the video printing systems which permit you to type out 

such as the HAL. A few your messages, edit them as 

amateurs are into generating you please, with often used 

RTTY or Morse via micro- paragraphs or even pages 

computers and this seems to available in memory for 

be the way things will be instant recall ... and the 

going in the foreseeable ability to make contact via 

future. It costs less than a FSK of any shift, make-break 

Teletype machine and is ... and using any popular 

infinitely more flexible. code such as Baudot, ASCII, 

By the end of 1977 we or Morse (at any speed ... 
should have several systems probably up to or over 100 

available for the lazy to buy wpm). 



It's quite possible that the require a pioneering spirit 

RTTYers will be pioneering that few of the traffic 

computer interfacing via handling amateurs possessed, 

radio, permitting exchanges And the routine involved in 

of information, playing traffic wasn’t interesting to 

games, and a lot of things we experimenters, 

haven’t even considered as This may change as more 
yet. and more RTTY equipment is 

Oddly enough, RTTY, made available which is rela- 

with its capacity for handling tively foolproof. One can 

large amounts of traffic, has foresee the ham station of a 

never been used much for this year or two from now with 

in amateur radio. Perhaps the auto ID, auto search receiver, 

same dichotomy which made auto logging .,. things like 

ARRL HQ feel that they had that.. . and all spelled out by 

to fight RTTY with every the built-in program so it tells 

weapon at their disposal has the operator just what to do 

been responsible. Traffic has, on the CRT. 

since the early days of ama- There are more than a few 
teur radio, been almost amateurs who are so wrapped 

entirely an ARRL dominated up in the past that they do 

function ... and the ARRL not consider RTTY or com- 

has never really come to puters as legitimate parts of 

terms with RTTY. amateur radio. Pity ... for 

As far as I know, I am the not only are they preventing 
only RTTY operator to ever themselves from having a lot 
make BPL using RTTY ... of fun, they are pressuring 
back in 1952 I set up my other amateurs and the maga- 
station on 42nd Street in zines to preserve things as 

New York and accepted they used to be instead of 

messages for servicemen over- looking to the future, 
seas at Christmastime. They Needless to say (hope- 
were routed by two meter fully), I am most interested in 
RTTY to DX operators and what you pioneers are doing 
many thousands were sent to with RTTY and micro¬ 
servicemen. This was all processors in the ham field, 

arranged by the local RTTY There is no question in my 
amateurs and the station was mind that this is one of the 

manned by volunteers for most important developments 
several weeks. in the history of the hobby. 

In all fairness to the Don't forget to keep notes of 

League, it should be pointed your work . .. and write 

out that RTTY never got to articles so the rest of us can 

be simple enough for the un- benefit by your work . . . and 
educated amateur. It did enjoy. ■ 



Group of pioneer RTTYers at meeting on Long Island about 
1951. 




W ith the increase in 
crime rates, smart 
amateurs are giving serious 
thought to some sort of 
security system in their auto¬ 
mobiles to protect their 
investment in communica¬ 
tions equipment. While there 
have been dozens of articles 
published recently on alarm 
systems, with all sorts of 
fancy control circuitry, the 
majority of these alarms 
merely activate the regular 
car horn or a simple siren. 
Presented here are several 
other suggestions for drawing 
attention to your vehicle 
when there is an attack on 
the car. 

A burglar alarm should ful¬ 
fill two objectives. The first, 
hopefully, is to act as a deter¬ 
rent and keep an intruder 
away from your property in 
the first place. If he wants 
what you have bad enough to 
attempt intrusion, the system 
should attract enough atten¬ 
tion to make him extremely 
uncomfortable while he is in 


Stephen E. Uhrig WA3SWS 
3893 Jumper Hill Lane 
EUicott City MD 21043 


the progress of burgling. It is 
also advantageous if you get 
some sort of notification if 
you are removed from the 
vehicle. 

The two things burglars 
hate are noise and light. Most 
alarm systems make some 
sort of noise, but not many 
people have given any 
thought to turning on some 
lights on the car when a break 
is detected. Many times I 
have heard an alarm system 
sounding on a vehicle in a 
crowded parking lot at night, 
but until you are standing 
right in front of it you cannot 
determine just which car is 
sounding off. It is a simple 
matter in most vehicles to 
activate the 4-way flashers 
with an alarm system and 
make the alarm that much 
more effective. As mentioned 
previously, the noisemaker 
device incorporated into the 
system is usually the car horn 
or one of the Mickey Mouse 
mechanical sirens. Either of 
these leave a lot to be desired 


in anything but the most ele¬ 
mentary system. The car horn 
is not intended for contin¬ 
uous operation, and will soon 
overheat and burn out. A 
mechanical siren is not really 
loud or attention-getting, and 
can be easily disabled by the 
burglar by jamming the 
impeller with a screwdriver or 
ballpoint pen. In addition, 
these sirens are quite direc¬ 
tional. They must be posi¬ 
tioned near the front of the 
car and point out through the 
grille. The sound from these 
sirens is not the characteristic 
rise-fall sound of a police 
siren, but rather just a con¬ 
stant high frequency wail that 
in my opinion does not do 
the job required of it. 

An excellent solution to 
the problems associated with 
the car horn is shown in Fig. 
1. This circuit, engineered by 
K3UPU, overcomes most of 
the disadvantages of using the 
car horn that were discussed 
earlier. As the horns are 
switched on and off, the duty 


cycle is such that the horns 
will have time to cool off and 
can run in the alarm con¬ 
dition virtually forever with 
no adverse effects. By 
switching the two horns alter¬ 
nately, a very distinctive and 
effective sound is produced 
which is sure to draw atten¬ 
tion to the vehicle. Most 
vehicles have two car horns 
which are driven in parallel. 
One side of each horn is 
always grounded, while 12 V 
dc is applied to the high side 
of the two horns by the horn 
relay when you push the horn 
button on the steering wheel. 
In K3UPU’s alarm system, a 
standard heavy-duty flasher is 
used to cycle an SPDT relay. 
The N.O. and N.C. contacts 
of the relay are hooked to the 
high side of either horn. 
When 12 V dc is applied to 
the circuit from the alarm 
system control circuitry, the 
two horns on different fre¬ 
quencies are sounded alter¬ 
nately, producing a very 
penetrating foghorn-type 
sound. My vehicle, a 1971 
Ford Torino, has only one 
horn installed. If this is the 
case with your car, a second 
horn can be obtained from a 
junkyard for a dollar and 
mounted in a convenient spot 
behind the grille. 

A very excellent relay for 
the application is available 
from Tri-Tek for $1.50. 
These relays appeared in a 
recent advertisement in 73. 
This circuit is good for a 
simple alarm when the car 
owner wishes to keep things 
uncomplicated and use equip¬ 
ment already available in the 

Probably the best practical 
device for a mobile alarm 
system is an electronic siren. 
These can be obtained quite 
inexpensively, offer you 
much greater control, and are 
useful for a variety of other 
applications by the amateur. 
My favorite is the prepack¬ 
aged siren/PA system 
designed for emergency 
vehicles. These are available 
from Federal, Motorola, or 
even Heathkit. I use the 
Heath unit in my car and am 
very pleased with it. The 


Big Noise 

Burglar Alarm 

- - lights flashing, horns blaring 



s in 


Fig. I. K3UPU's foghorn alarm circuit. 


Heath siren/PA offers both 
automatic and manual wail, 
yelp, and PA, as well as an 
input to the audio amplifier 
for a 2-way radio input. The 
wail takes 6 seconds to com¬ 
plete an up/down cycle, while 
the yelp takes 1/3 second for 
1 cycle. To convert the Heath 
for use in a burglar alarm, it is 
necessary to have 12 V dc 
available when the alarm is 
tripped — as well as a dry 
contact closure. The unit 
draws about 7 Amps at 12 V 
dc for 55 Watts of audio out. 
This must be taken into 
account when selecting a 
relay for the system. The 
contact closure is necessary 
to select the mode of opera¬ 
tion once an alarm has been 
detected and 12 V dc has 
been applied. I tapped in at 
the wafer switch on the front 
panel. The relay for this only 
needs to handle a few 
milliamps. 55 Watts audio 
output is about what a fire 
engine or police vehicle runs, 
so you can imagine the 
ruckus it will cause when a 
burglar sets it off. 

Electronic sirens designed 
primarily for alarm use are 
popular in the security field 
and are available from most 
security equipment suppliers. 
There should be several listed 
in the Yellow Pages. These 
have the advantage of costing 
less than professional sirens, 
and are more readily adapt¬ 
able to an alarm system. The 
audio output of these is 
usually only a few Watts, but 
is enough to do a very credit¬ 
able job. These cost about the 
same as a cheap mechanical 
siren and are much better. 
The sirens are available either 
with a driver and speaker 
together, or separate, for 


special design applications. 

Along the line of drawing 
attention to the car when an 
attack has been made, why 
not consider ways of turning 
on lights with the system? 
The leads to the 4-way flasher 
switch are accessible in the 
wiring harness that runs the 
length of the steering column. 
A contact closure will acti¬ 
vate these. Another place to 
get at lighting wires is at the 
brake pedal switch. By 
putting a flasher in parallel 
with this switch, the brake 
lights will flash. Or by using 
K3UPU’s circuit in Fig. 1, 
you can flash the headlights 
on and off, either alternately, 
simultaneously, or high and 
low beam. This will create a 
desirable effect. If you are 
serious about protecting your 
car, you can mount single 
faced trailer lights inside the 
back window on the rear 
deck. These can be wired in 
parallel with the bright fila¬ 
ment of the 11 57 taillight for 
normal brake lights and turn 
signals, or they can be used 
with the circuit in Fig. 1 and 
be flashed alternately. These 
lights also make for safer 
driving, as the car will be 
much more visible on the 
road. Another idea is to 
mount a rotating beacon 
inside the back window. Do 
not use any color other than 
orange without checking local 
regulations. 

All this is great to scare 
the intruder away, but what 
if you are shopping or visiting 
and are some distance from 
the car? The alarm could 
sound for hours before you 
wandered back to hear it. 
Most likely it will not go too 
long, as I have seen police 
officers or residents rip out 


every wire in sight trying to 
disable the alarm. Remote 
notification systems are 
becoming more and more 
popular in commercial 
security. This should be right 
along the amateur’s line. 
There are several companies 
that market transmitter/pager 
combinations designed for 
alarm use, but the same thing 
can be accomplished by an 
enterprising amateur for less 
money. A VHF Engineering 
transmitter board and a 
recycled commercial pager 
would make a good combina¬ 
tion. If you use a receiver 
that does not have tone 
coded squelch, make sure to 
modulate the carrier some¬ 
how. I have had a receiver 
pick up an alarm signal which 
I didn't notice for some time, 
because the signal was full 
quieting. Keep the antenna 
inside the vehicle where it 
will be protected. You should 
still get enough range for 
most purposes. My system 
uses a TR-22C which has 
been modified to extend to 
my commercial frequency 
while remaining usable on 2 
meters. It is modulated by an 
acoustically-coupled SC-628P 
Sonalert. This pulsating 
Sonalert is loud enough to 
fully modulate the trans¬ 
mitter when the microphone 
is on its clip on the dash and 
the Sonalert is under the 
dash. I have had some embar¬ 
rassing moments when I was 
working an amateur channel 
before I left the car and the 
TR-22C was still on the ama¬ 
teur channel when the system 
tripped. In fact, I haven't 
been on the particular 
repeater since. I monitor the 
system on a commercial 
handie-talkie that I usually 
have with me. You can do all 
sorts of fancy things using 
your imagination. Fora while 
I think I had the only mobile 
in existence that was con¬ 
nected to a central alarm 
monitoring station. I had a 
system that would bring up a 
repeater autopatch and dial 
my home, telling whoever 
answered that the car was 
being broken into. A COR 
monitored the repeater and 


stored the alarm message 
until the repeater had been 
off the air for 60 seconds. 
The tape mechanism for the 
voice signal was not reliable 
and the whole system was not 
really practical, but it was fun 
to play with for a while. It’s 
important to keep the alarm 
down to a size that you can 
handle. If it gets too involved 
it won't be reliable - some¬ 
thing to stay away from. Give 
some thought also to pro¬ 
tecting the various com¬ 
ponents of the system from 
defeat. If the burglar wants 
what you have bad enough, as 
he will if you have a fancy 
mobile setup, he will be able 
to defeat any alarm you 
might have. Try to think like 
the burglar might. Is there a 
key switch he could monkey 
with? Can he get to the 
wiring from underneath the 
car? Slip some flexible con¬ 
duit over the battery cables. 
Or, I went a step better. I am 
running a supervised alarm 
system in my mobile where if 
any part of the wiring is cut it 
will trip the system. 

My regular car battery 
does NOT power the system. 
Even if the burglar does cut 
my battery wires, the system 
is still armed. Power for the 
alarm is provided by gel cells 
inside the car. These are re¬ 
charged by the car’s electrical 
system while I'm driving. 

While the thought is in my 
mind, don’t overlook a good 
loud bell for mobile applica¬ 
tions. Bells sounding from a 
car are really attention- 
getting. Ademco makes good 
ones that are cheap but 
rugged. Again, check the 
Yellow Pages for alarm equip¬ 
ment distributors. 

In closing, I’ll say this: 
Don't put too much confi¬ 
dence in your alarm. Nothing 
will stop a determined 
burglar, especially if he has 
the time to figure it out. Be 
careful where you park the 
car and arrange for it to be 
checked up on occasionally if 
you are going to be away 
from it for a period of time. 
And again, the best security 
of all is having nothing worth 
stealing. ■ 
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Dandy 
Digital Dial 
Decoder 


- - to control 
whatever you want 



Fig. I. Dial to tone encoder. Credit: Stamatios V. Karta- 
lupoulos, University of Toledo, E. E. Department. 


I f you have a need for 
remote controlling any¬ 
thing and for whatever 
reason (cost, complexity, 
etc.) have found that touch- 
tone signalling is not for you, 
then indeed this article may 
be the answer to your 
prayers. This article describes 
a two digit rotary dial 
decoder. Instead of a bundle 
for a touchtone dial, all you 
need on the sending end for 
this system is an easy-to-find 
rotary dial from the older 
series telephones and a single 
tone oscillator. 


General Description of 
System 

Following the system from 
the beginning with the orig¬ 


inating station sending a tone, 
this tone is then broken up 
into pulses by the rotary dial. 
Whenever the dial leaves its 
rest position, there is one set 
of contacts that closes and 
remains closed until the dial 
again comes to rest. This set 
of contacts is wired in parallel 
with the user's PTT line, so 
the transmitter is automati¬ 
cally keyed while dialing. A 
second set of contacts that 
closes before the PTT set and 
opens after them allows the 
tone oscillator to run up to 
frequency before going out 
on the air. This set of con¬ 
tacts applies +5 V to the 
oscillator to turn it on. 

A third set of contacts, 
called the pulser set, is closed 
during the clockwise rotation 



Fig. 2. Cl: .1 uF. C2: 1.0 uF/6 V C3: 2.2 uF/6 V. C4: 250 
uF/6 V. RJ: 6.8k to 15k. R2: 4700. R3: 2000. R2 reduces 
B.W. to 8% @ 100 mV in, 5 % @ 50 mV in. Alternate (no R2, 
C4): Make C3 3. 3 uF for 1000 Hz. C2 is loop low pass filter. 
For WOO Hz, RJ is set at = JOk. Input R = 20k. Smallest 
reliable Vj=20mV. 
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of the dial, and then opens 
momentarily (like a ratchet 
action) at each digit position 
from the number you dial 
back to rest. There are eight 
openings for the digit “8," 
etc. This set of contacts is 
wired to keep the audio oscil¬ 
lator output from reaching 
the transmitter microphone 
audio input by any number 
of means (see Fig. 1). 

The results are the oper¬ 
ator sending a tone sequence 
of: 1. a steady tone for the 
duration of the clockwise 
rotation of the dial; 2. a 
number of “windows” of no 
tone as the dial returns to 
rest - equal in number to the 
number dialed; and then 3. a 
return to the transmitter 
unkeyed condition when the 
dial reaches the rest position. 
The decoding circuits are 
arranged in this “negative” 
logic sequence because this 
means a valid tone must first 
be received, thus leaving out 
incorrect tones and signals 
too weak to accurately trigger 
the system to a proper count. 
Only if the user is strong 
enough and has the proper 
tone will anything at all 
happen at the system! Also, 
only the addition of a second 
tone oscillator at the user end 
will double the number of 
system available codes. A 
duplicate decoder on the 
second tone channel at the 
remote site is required, but all 
boards are interchangeable 
with the first set except the 
tone signal decoder. This 
allows keeping at least one 
system up by using boards 
from the second set. If the 
system sees the first valid 
tone, it should in turn see 
each of the following tones 
and the windows between, 
and thus a proper count 
occurs. 

The first decoding (for 
tone frequency) is done to 
separate the tone used for 
dialing and other tones used 
for control in our system. 
Therefore, the decoder 
appears separate from the 
control board as part of our 



Fig. 3. 


tone decoder board (see Fig. 
2). The tone decoding is done 
by a rather conventional tone 
decoder PLL 1C, a 567 type. 

In our system, whenever a 
1000 Flz tone is present, the 
decoding circuits of the 567 
PLL produce a low on pin 8 
of the 567 1C. This low is 
then carried into the control 
board on pin 3 (see Fig. 3). 

The tone decoder changes 
the present or absent 1000 
Hz tones into a TTL com¬ 
patible level shift, from highs 
to lows. These pulses can 
then be operated on in a 
normal TTL manner. 

The first negative going 
input pulse (tone received, 
dial moving clockwise) starts 
the sequencer running. The 
sequencer is a series of one- 
shot devices hooked “tail-to- 
head,” such that the first 
input starts the first timing 
period, call it period A, and 
the action of its Q output 
going low at the end of 
period A then triggers the 
start of period B in the next 
one-shot, and so on through 
the end of period F. This 
makes the sequencer self- 
completing; thus if a user 
starts a dial command and 
only dials one number, the 
decoders decode the sequence 



Fig. 3(a). 


as a 10 - 20 - 30, etc.. This way it is impossible to 
command zero understood, "lock up” the system by 
We use this to advantage as dialing one number, dialing 
all-off, reset, stop, etc., for a clockwise and holding the 
row of commands. In the case dial at the stop, etc. 
of 10, this cancels or resets all The sequencer is the 
commands 11 to 19. The master timer, and as such, 
sequencer goes all the way controls the decoding process 
through its steps after the from the first clockwise rota- 
first valid command, regard- tion of the dial through both 
less of the second digit dialed numbers received (see Fig. 7). 
or not, and returns to 0 - 0. Time period B is used to 
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Fig. 4. (Row) function decoder boards. (70s shown.) 7403s - 
Note: If destination is more TIL, 7400s would be used (with 
no Rs). 


key the repeater transmitter 
with an 800 Hz tone at the 
end of the first number dialed 
period, period A, and to let 
the user know to immediately 
begin dialing his second 
number when the tone quits. 
The second number period is 
period C. Period D is used to 
transfer the two received 
numbers, at this point 
changed from the sequential 
or serial form to parallel or 
BCD form by the 7490s, over 
to the decoder 1-of-10 line 
device’s inputs - 7442s in 
this case. This transfer is 
accomplished by the use of 
the 7475s called latches. 
These latches are such that 
the input lines change with 
the incoming BCD informa¬ 
tion as the 7490s count up to 
the correct number, but do 
not “transfer" that BCD 
information to the output 
lines until the clock lines of 
the 7475s go high. Without 
the latches, the 7442 
decoders would follow the 
7490s' outputs and produce 
false low outputs at the 
output pins of the 7400 or 
7403 function decoders for 
some numbers prior to and 
including the number desired: 
in our “73” example, 00, 10, 
20, 30, 40, 50, 60, 70, and 
71, 72, and the desired 73. 
This you do not want. With 
the latches you have exclusive 
outputs, at 00 and 73, the 
number desired. 

Period E has several not 
too apparent reasons for its 
existence. One, it serves as a 
settling time to allow the 
translated (serial to BCD) and 
transferred number to be 
decoded by the function 


decoders; thus the decoders 
remain low at the output for 
a finite time. This finite time 
is used in analog functions to 
allow a given amount of 
decoder output low time 
per times the number is 
dialed. A better explanation 
of how this is used is found 
later under the function 
decoders themselves. At least 
a third reason for period E is 
that it allows both clear and 
transfer to occur in Period F, 
without the clear getting 
involved with the dialed 
number transfer occurring 
during Period D. 

Period F is a reset to 00 
period by causing a high on 
both the clear and transfer 
lines at the same time, thus 
transferring the 00 cleared 
information to the function 
decoders. A 400 Hz tone is 
sent during this period back 
to the user, indicating the 
system is ready for more of 
the user’s information. The 


sequence is an 800 Hz tone 
sent to user after period A 
(during period B), an 800 Hz 
tone sent again after period C 
(during period D), a brief 
pause of period E, and a 400 
Hz tone sent indicating 
period F - see Fig. 3(a). 

With the actual decoder 
functions covered, a final 
board is left in the control 
group, and it is what tells the 
user what is happening at the 
repeater. The transmitter 
board includes an LED driver 
package 7406 to indicate at 
the repeater what state the 
sequencer is in. 

This board also contains 
the two tone oscillators for 
800 and 400 Hz used into the 
repeater transmitter to tell 
the user the state of the 
sequencer. See Fig. 7 for the 
exact timing sequence we 
have found workable. 

The decoding necessary 
for transmitter keying is also 
on the transmitter board, and 
the same 1C uses LED indica¬ 
tors to show whether the 
transmitter is keyed and 
whether it has 800 Hz or 400 
Hz on it. The proper 
sequence for these LEDs is: 
II (3 sec.), 12 (200 ms.), 13 (3 
sec.), 12 (200 ms.), and 14 
(800 ms.). 

Fig. 4 shows a typical 
function decoder board. One 
reason for building them this 
way is the many wires re¬ 
quired in and out of a board 


versus the available con¬ 
nectors. Taken a row at a 
time like this, one line is 
needed for the 10s line in, ten 
lines for the units inputs, ten 
lines for the discrete ten func¬ 
tion outputs, and one each 
for the +5 V and ground, or 
23 lines. This is one over the 
22 pin single side connectors, 
which isn’t bad, or you can 
use the 44 pin connectors 
throughout as we did. Either 
way, all function decoder 
boards are identical and inter¬ 
changeable, and you need 
build only eleven of them to 
have a full deck plus a spare 
to fit any one of the ten in 
use. The spare board is a good 
idea for a heavily used 
system. Something about 
fixing the system in a hurry, 
and then figure out what 
gotcha later — hi! 

Fig. 5 gives the pinout on 
the readout decoders (BCD to 
7 segment) and one possible 
readout arrangement. With¬ 
out the readouts, trouble¬ 
shooting becomes a nearly 
impossible task. You may 
want to leave the BCD from 
each digit as stakes or con¬ 
nectors, and build the 
decoder drivers and readouts 
in a separate little box as I 
did, thus allowing the read¬ 
outs to troubleshoot other 
BCD type projects (i.e., 
DVM, counter, etc.). 

Technical Breakdown 

To describe a project of 
this complexity would 
require many pages on a pin- 
by-pin basis, so please allow 
me to run through the first 
digit, then point out only the 
differences for the second 
digit. 

Sequencer - Heart and Brain 
of System 

The 567 PLL decoder puts 
out a low for a 1000 Hz tone 
received, so as the dial goes 
clockwise, pins 3 of the 
sequencer and dial decoder 
boards go low. This low 
triggers the first one-shot on 
the sequencer board. Each 1C 
section in the sequencer starts 
off with a high at all Q 
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Fig. 6. 


outputs and a low at the Q for Cf. The pots can then 
outputs. During each of the trim the time to the desired 
sequences, this reverses, such length.) 
that Qa goes high and Qa goes 
low for period A, then Qb Dial Dec< >der 
goes high and Qb goes low for As the low from the 567 
period B, and so on. The only PLL sets the first one-shot 
line then left unexplained is period A, the same low is 
the ICI-3 going to Qc. Pin 3 applied to 1C4, pins 3 and 13. 
is the clear line for IC1 Any input line low forces 
section A, and wiring it to these NAND gates to have a 
Qc, which is high during high output. Since Qc is high 
period A, allows the first low at this time, IC4-4 is high. Qa 
from the 567 to trigger is high so IC4-5 is high; thus 
section A, starting period A. only IC4-3 must return high 
When period C comes along, to cause a low at the output 
Qc goes low and disables the IC4-6. This is exactly what 
retrigger feature of section happens during the pulse 
A. This keeps the user's windows (no tone) of the dial 
second digit from again returning to rest, 
triggering section A and At this same time IC4-1 is 
starting a new sequence. Pots low due to Qc being low. 
Ra through Rf set the exact IC4-2 is also low due to Qa 
one-shot times for sections A being low. As such, IC4-12 
through F, and Ca through Cf output remains high regard- 
are the Cs of the RC timing less of the pulses on IC4-13, 
network. The Rs are all 10k and the pulses only enter 
thumbwheel PC mounted IC5-14 (Qc high, Qa high, Qa 
pots, and the Cs are chosen low, Qc low reverses this for 
for the one-shot time desired, the second digit during period 
(Good starting values are: C and one difference of the 
500 to 1000 uF for Ca and two digits is now pointed 
Cc, 25 to 50 uF for Cb, Cd, out), 
and Ce, and 100 to 150 uF The clear line of IC5, pins 



Fig. 7. Timing diagram. 
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2-3, is low during periods A All ten lines of the first 
through E, and therefore IC5 digit (10s) and second digit 
and IC9 are free to count (units), from IC7 and 1C11 
during any of these periods respectively, are taken to 
(periods A and C being the another board in our system, 
ones that matter). If the read- though that board’s contents 
out blanking switch is turned (see Fig. 8) could be built on 
to off, you will see each of the decoder board with IC7 
these counts as changing BCD and IC11. We wanted high 
information (and thus read- and low decodec) outputs 
out numbers) during the dial available, and this made 20 
returns. high, 20 low, 8 input, +5 V, 

After the period A loading and ground, or 50 lines - too 
of IC5 and the period C many for the connectors we 
loading of IC9, period D were using. With a second 
occurs. A high on Qd, IC2-5, board you have 10 inputs 
goes to IC13-3, a NOR gate, (one low), 10 outputs (one 
When either IC13-2or IC13-3 high), per 1C (10s and units), 
goes high, IC13-1 goes low. A for 40 lines, plus +5 V and 
second section of 103 is ground, for 42 lines. Fig. 8 
wired as an inverter to cause a should be self-explanatory in 
high at IC13-4. This high goes that anywhere you have an 
to 1C10 pins 4 and 13, and input line coming in low, it 
IC6, pins 4 and 13, the clock leaves high, and vice versa, 
or transfer lines of the 7475s. For our 73 example, the first 
Up until this clock high, the digit "7” input is low enter- 
BCD output from the 7475s ing and high leaving, and 
has been 00 or rest. Upon the second digit "3” input is low 
clock high, the BCD outputs entering and high leaving; 
change directly to the loaded thus only the “7” and "3" 
BCD information of their leave the inverter board as 
respective 7490s. In our highs, 
example, the change is from Following these two 
10s QaQbQcQd (0), units output highs to the (Row) 
QaQbQcQd (0), to 10s function decoder board for 
QaQbQcQd (7), units QaQb- 70s row, they enter the 
QcQd (3), or direct from 00 inverted first digit "7” and 
to 73. second digit "3" lines, and go 

This BCD is sent straight to one pin of all the NAND 
on to the 7442’s 1-of-10 line gates, and to IC19-13 respec- 
decoders. The 10s "7” line, tively. Regardless of whether 
IC7-9, and units “3'' line, the 7400 or 7403 ICs are 
ICI1-4, go low. used, two highs at the input 



Fig. 7 (cont.). 










of these gates cause a low at 
the output, and a low will 
appear at IC19-11 for a dura¬ 
tion of slightly less than 
period E. You now have your 
1-of-100 functions decoded. 

Whether these final lows 
are going to drive further 
TTL level logic (use 7400), or 
drive devices such as triacs, 
relays, etc. (use 7403), will 
determine which NAND gate 
devices to use in the final row 
decoders. The 7403 has an 
uncommitted output device 
capable of sinking about 16 
mA. A safer bet is to use at 
least a transistor buffer 
capable of the voltage and 
current you need for the 
relay, etc., and use the 1 6 mA 
capability lightly to just drive 
the transistor base. We do a 
little of each, so only one row 
decoder is shown, and it is 
shown less its final devices. 



Fig. S. 


The range of devices is as 
varied as the things we are 
controlling, so none can be 
shown here or they would 
take more room than this 
entire article. For example’s 
sake in the TTL device 
department: A 74193 and 
7445 combination make up a 
10 step volume control that is 


CUSTOM TRANSFORMERS 


HEAVY DUTY 
REPLACEMENT 
TRANSFORMERS* 

Collins 30S1 plate 

Transformer.SI 50.00 

Collins 516F-2 Power 

Transformer.85.00 

Hunter 2000B Plate 

Transformer.12S.00 

ETO A-77D Plate 

Transformer.125.00 

Henry 2K Plate 

Transformer.125.00 

Henry 2K-4 Plate 

Transformer.135.00 

Henry 3K-A Plate 

Transformer.150.00 

Heath Marauder HX-10 

Transformer.75.00 

*A1I Heavy Duty Replacement 
Transformers are positively 
guaranteed to run cooler and 
last longer than the original 



SPECIALS 

Plate xfmr. 4600 Vac at 1.5A 
I CAS 230 Vac 60 Hz primary, 

wt. 60 lbs.$175.00 

Plate xfmr. 3500 Vac at 1.0A 
ICAS 230 Vac 60 Hz primary, 

wt. 41 lb.$125.00 

Plate xfmr. 3000 Vac at OTA 
ICAS 115/230 Vac 60 Hz pri.. 

wt. 27 lb.$96.00 

Plate xfmr. 6000 Vet at 0.8A 
CCS 115/230 Vac 60 Hfe Pri., 

wt. 41 lb.$135.00 

Fil xfmr. 7 S Vet at 21A CCS 
117 Vac 60 Hz primary wt. 

8 lb.$24.95 

Fil Choke bilfilar wound 30 
Amp rf filament choke on 
1/2x7 rod.$8.95 


All transformers are manufactured to rigid commercial quality 
specifications and each carries a 24 month guarantee! Write 
today for a free quotation on any transformer. Choke, or 
saturable reactor. 

Peter W. Dahl Co. 


bi-directional. The same type 
pair make up a 10 step 
squelch control. This is our 
number 21-22, and 23-24 
numbers for volume down- 
volume up, and squelch 
looser-squelch tighter respec¬ 
tively. Using a 60 series 
number enables a second tone 
decoder at a second fre¬ 
quency, and then 5 digit 
numbers can be received 
which represent antenna 
coordinates for the EME 
array. Example: 10165 dialed 
with the second tone decoder 
turned on by the 60 series 
number sent at 1000 Hz will 
decode as azimuth 101 
degrees, elevation 65 degrees. 
That decoder works just like 
this one only there are 12 
timing periods, 5-7490s, 
5-7475s, and the rest from 
there out deleted. The BCD 
from the 7475s goes directly 
to 7485 comparator ICs that 
compare each number to 
where the beam is really at 
(using a coded disc on the 
elevation and azimuth drives), 
and then corrects the present 
location to the new dialed 
location in a most significant 
to least significant order at a 
different speed for each. High 
speed (1 rpm) for 100s, 
medium speed (.5 rpm) for 
10s, and low speed (.1 rpm) 
for units, in the case of 
azimuth. This allows slowing 
down of a large mass 
(antennas) as it nears the 
desired heading. 

The amount of hardware, 
kept mostly at the repeater 
site location to simplify the 
job for the user, has grown 
over five years now, and 
simply can’t be described in a 
single article. Broken into 
several articles, I’m sure each 
part will find other uses - 
such is the way with hams. 
One side use at my QTH has 
already been found by using 
the teletype drive and com¬ 
parator setup used for the 
antenna on EME coming out 
to a plug, so it may be 
plugged to more than one 
array. I am presently adapting 
it to an attic mounted 4 
element yagi on 2m and 
crossed 6 elements on 3/4m 


to use mode B Oscar 7, or the 
2m alone and a fixed array on 
10m for A mode and Oscar 6. 

Summary 

That about describes how 
it works, and the usual SASE 
will get you a reply if any 
problems arise. I have even 
worked out a few ideas along 
other uses, such as a remote 
control device for devices at 
home while I’m away (don't 
care to try touchtone for that 
over the phone lines in a 
touchtone area!!). After I got 
this decoder working, I even 
worked out a touchtone¬ 
looking panel that sends out 
the dial pulses, for those of 
you who would rather punch 
than dial switch. Seriously, it 
makes a good push-button to 
serial device for other things, 
such as getting out just one to 
nine pulses whose duration 
(overall) you can easily vary. 
That’s another whole article 
though. 

There have been enough 


articles now to skip most of 
the cautions like use a well 
regdlated +5 V, not 4 or 6 V. 
Our decoder worked the first 
time with the exception of 
the added Qc line back to the 
A section input clear line — 
an oversight on my part from 
working with too many non- 
retriggerable one-shots. 

Please advise me of your 
uses, and may I add at this 
time, if you have a project 
that you think could be TTL 
digital (controlled, run, 
driven, etc.), please drop me a 
line. This is not a promise to 
design it for you, but if it 
corresponds to our needs, or 
is simple, or we have already 
done it but not written it up, 
or it is just plain intriguing 
and I have the time. I’ll give it 
a whirl. Bear in mind, since 
the hardware answer to your 
idea or question will be my 
design, I would retain the 
right to write it up — build it 
- use it - etc. O.K.? Let’s 
hear from you, and 73. ■ 
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Weather Satellite 

Display Control 

- integrating CRT and FAX displays 


I n a series of previous 
articles in 73, I have 
described two basic systems 
for the display of weather 


satellite pictures. The first of 
these was a multimode 
weather satellite monitor unit 
using cathode ray tube (CRT) 


display (August, 1975) and 
the second was a photo¬ 
graphic facsimile system for 
readout of NOAA satellite 


pictures (September and 
October, 1975). In the con¬ 
cluding article on the FAX 
system I outlined the relative 
advantages and disadvantages 
of both display systems and 
ended with the remark that 
an active satellite station 
should actually have both 
systems available for maxi¬ 
mum flexibility. A great 
many versions of both 
systems have been con¬ 
structed, and some stations 
are reaching the point where 
they would in fact like to 
operate both systems. The 
advantages of this are many 
for operators who copy a 
great many satellite pictures. 
If the interfacing of the two 
systems is done properly, the 
oscilloscope which is nor¬ 
mally required for FAX 
picture phasing can be elim¬ 
inated. The FAX component 
of the system can produce 
quality pictures in a relatively 
large format and at a low 
cost. The CRT monitor can 
be used to make negatives of 
particularly interesting 
pictures for later duplication 
at any size desired. The mon¬ 
itor can also be used lor APT 
WEFAX copy that is not 
compatible with the FAX 
recorder. This article will 


Fig. I. Accessory FAX module installed in one of the author's multimode weather satellite 
monitors. A small piece of perforated board with 0. i inch hole spacing accommodates the lCs 
and discrete components. Wiring the module itself takes about an hour and can be added to the 















































describe a simple module that 
can be added to the satellite 
monitor to provide control of 
the FAX system. Pictures can 
be phased and adjusted on 
the monitor and the picture 
as seen on the monitor will be 
precisely what is printed out 
on the FAX recorder. The 
monitor can thus replace the 
solid state module in the 
FAX system, with the addi¬ 
tional bonus that FAX 
printing will no longer be a 
“blind” operation. Simul¬ 
taneous with the FAX 
printing, a photograph of the 
CRT display can be taken to 
provide a photographic nega¬ 
tive for file use and later 
duplication in various size 
formats. I will also describe 
modifications to the FAX 
system that will enable you 
to print pictures at the 96 
rpm drum rate with line 
blanking, thus resulting in 
large size pictures (averaging 
5x7 inches for a 10 minute 
pass) with rolling pin sized 
drums. For stations who have 
not yet begun to construct 
display facilities, these modi¬ 
fications can be incorporated 
at the very beginning. If you 
start with the CRT system - 
a logical first step - FAX 
capability can be added at 
somewhat less cost than if it 
was a completely indepen¬ 
dent system. 

If we are to tie together 
the operation of the CRT and 
FAX systems, several func¬ 
tions must be accomplished: 

(1) The monitor must 
supply a phase locked 48 Hz 
ac signal for operation of the 
drum amplifier in the FAX 
system; 

(2) Provisions must be 
made to trigger the monitor 
display from the rotation of 
the FAX drum; 

(3) The video circuits of 
the monitor must drive the 
lamp driver circuit of the 
FAX system and, ideally, 
system levels should be such 
that the contrast as set on the 
monitor will correspond to 
the contrast range as printed 
in the FAX system; 



Fig. 2. Schematic of the accessory FAX module. Since the 
module is an addition to the basic monitor circuit, component 
numbers are consistent with the monitor circuit described in 
73 (August, 1975). All resistors are 'A Watt, 10% composition. 
Decimal value capacitors are 50-100 V mylar tubulars, while 
capacitors with polarity indicated are 16 V miniature electro- 
fytics. J4-] 7A are new RCA phono jacks added to the rear 
apron of the monitor. S4 is SPOT toggle switch added to the 
front panel. Power for the module is obtained from the 
monitor circuit. 


4) The line blanking 
required to select either 
visible light or IR data in the 
monitor must control line 
blanking in the 96 rpm FAX 
system so the data channel 
displayed on the monitor cor¬ 
responds to the FAX print- 

All of this sounds com¬ 
plicated, but in reality it can 
be accomplished by a small 
module consisting of three 
ICs and a single transistor. If 
this module, shown in Fig. 1, 
is added to the monitor, the 
monitor performs all of the 
functions of the original solid 
state module of the FAX 
system in addition to carrying 
out phasing and setting of 
proper video levels. 

The schematic of the 
module is contained in Fig. 2 
and, since it is essentially an 
“add on" to the monitor 
circuit, component designa¬ 
tions follow those for the 
original monitor circuit. A 
sample of the phase locked 
2400 Hz reference tone is 
routed to IC13 and IC14, 
providing a total frequency 
division of 50, which results 
in the desired 48 Hz output 
from IC14. This signal is 
routed to a new jack (J 4) on 
the rear apron of the mon¬ 
itor, which is connected to 
the input of the FAX drum 


amplifier circuit. 

Triggering the monitor 
display from the rotation of 
the FAX drum is accom¬ 
plished by the small magnetic 
reed switch on the FAX re¬ 
corder which closes once in 
every revolution of the FAX 
drum. This switch is con¬ 
nected to another new rear 
apron jack (J5) on the mon¬ 
itor. A lead from this jack to 
the input of IC15 in the 
module — a single shot multi¬ 
vibrator — results in a rela¬ 
tively long output pulse (50 
ms) whenever the reed switch 
on the recorder closes. The 
long output pulse eliminates 
the effect of contact 
“bounce” in the reed switch, 
which might otherwise result 
in erratic triggering and 
blanking control. This pulse is 
routed to one lug of S4, a 
new switch on the monitor 
front panel which selects 
either internal triggering of 
the monitor display (normal) 
or external triggering from 
the FAX drum. In the ex¬ 
ternal position, S4 routes the 


FAX trigger pulse to the hori¬ 
zontal trigger monostable in 
the satellite monitor, thus 
triggering the line display 
once every drum revolution. 

Supplying processed video 
from the monitor to the FAX 
lamp driver is accomplished 
by connecting a shielded lead 
from the secondary of T1 to 
another rear apron jack (J6). 
(See Fig. 3.) Since the video 
level required to drive the 
lamp driver circuit is slightly 
less than that required for the 
monitor display, a 10k gain 
pot at the input of the lamp 
driver in place of the fixed 
470k grid resistor permits the 
gain of the FAX unit to be 
adjusted so that proper FAX 
printing coincides with 
optimum display on the mon- 

FAX blanking with the 96 
rpm format is accomplished 
by Q7 (Fig. 2) driven by the 
line blanking pulse from the 
monitor circuit. This tran¬ 
sistor shuts off the lamp in 
the FAX recorder whenever a 
line is blanked in the monitor 
display; thus whatever 
channel (visible or IR) is 



Fig. 3. (a) Video connection from the secondary of T1 in the 
monitor to the new video output jack on the rear apron, (b) 
Replacement of the fixed 470k resistor at the input of the 
FAX lamp driver to permit adjustment of video drive, (c) 
Addition of a blanking input signal (J7B) at the grid of the 
6CL6 lamp driver of the FAX circuit. Asterisks (*) mark the 
new components. 
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17.2 
19.0 

21.2 
22.0 


12/60 

20/48 

20/48 


Earth Scan Width 


Fig. 4. Data for traverse motor selection based on the diameter of the FAX drum. The motor 
selection column assumes the use of the %-20 threaded rod for the traverse drive, as specified in 
the original article. The design rpm is the desired traverse motor speed for optimum aspect 
rotation at the specified drum diameter. The motor selection column represents the closest 
approximation of this speed that can be obtained from stock motors (Hurst DA series, either 12 
or 20 rpm at 60 Hz) operated off the 60 Hz line or the 48 Hz drum amplifier supply. The earth 
scan width represents the width of the actual earth scan in either the visible light or IR channel, 
and the picture length is specified on the basis of 10 minutes of a pass using the tra verse motor 
specified in the motor selection column. Note that for drums between 2 and 2.25 inches the 
image will fit — when properly phased — on a piece of 5x7 inch photographic paper. Larger 
drums will require 8x10 inch paper if all of the earth scan or at least 10 minutes of the pass are 
to be displayed. 


viewed on the monitor will be 
printed by the FAX recorder. 
The signal from Q7 is routed 
to another new jack (J7A) on 
the rear apron of the mon¬ 
itor. J7A is connected to a 
new jack (J7B) on the lamp 
driver chassis that provides a 
connection to the grid of the 
6CL6 lamp driver. 

Construction 

The new module for the 
monitor can be constructed 
on a small piece of perforated 
board and mounted wherever 
convenient for the proper 
interconnections to the 
monitor circuit elements. 

The connection between 
1C 14 and ]4 and IC15and J5 
can be ordinary hookup wire, 
as can the wiring associated 
with S4. The connection 
between the secondary of T1 
and J6 and the blanking con¬ 
nection from Q7 to J7A 
should be made with shielded 
audio cable, as these are high 
impedance connections and 
hum introduced here would 
appear on the monitor 
display or FAX printout. 

Replace the fixed 470k 
resistor at the input to the 
12AU7 in the lamp driver 
circuit with a 10k pot. Add a 
new jack (J7B) on the lamp 
driver chassis near the 6CL6 
and connect this jack to the 
grid pin of the tube socket as 
shown in Fig. 3(c). As long as 
the distance between the jack 
and the grid pin is no longer 
than 1-2 inches, ordinary 
hookup wire may be used. If 
your chassis layout requires a 
longer run, use a shielded 
cable. Label the new jacks as 
follows: J4 — 48 Hz; J5 - 
Drum switch; J6 - Video 
output; J7A and B — Blank¬ 
ing. Shielded audio cables 
should be used for all connec¬ 
tions between the monitor 
and the various elements of 
the FAX system. 

The major element in the 
construction of the integrated 
system is the conversion of 
the FAX recorder to a 96 
rpm format. There are two 
ways to accomplish this if the 
recorder has already been 


constructed for the 48 rpm 
format. The cheapest alterna¬ 
tive, provided you have access 
to gears, is to install a 1:2 
gear system between the 
traverse motor and the 
threaded rod and between the 
drum motor and drum shaft. 
This will up the drum speed 
from 48 to 96 rpm and will 
achieve the required doubling 
of the traverse rate which is 
required to preserve the 
proper aspect ratio at the new 
drum speed. If you are the 
mechanical type this is 
probably the easiest solution, 
but, if you are like me and 
abhor mechanical devices; the 
simplest alternative is to pur¬ 
chase a set of new motors. A 
Hurst series CA motor rated 
at 120 rpm at 60 Hz will 
provide the proper 96 rpm 
speed when run at 48 Hz. 
This motor will mount with 
no fuss on the mounting plate 
for the original 60 rpm drum 
motor. As in the original 48 
rpm version, the selection of 
the proper traverse motor is 
dependent upon the diameter 
of the drum, if we are to 
achieve something close to 
the proper aspect ratio. The 
original article on the FAX 
system provided tables for 
selection of a traverse drive 
motor based on 48 rpm oper¬ 
ation of the drum. Fig. 4 
provides the same data for 96 
rpm operation. The new 


motors are drop-in replace¬ 
ments for the types originally 
specified for 48 rpm service, 
and no modification of the 
traverse motor mounting 
system should be required. 
You can save some money 
and frustration caused by 
back orders if the motors are 
ordered directly from the 
Hurst factory. They welcome 
small orders and will ship 
immediately from stock even 
on phone orders. Contact the 
Hurst Manufacturing Corp., 
Princeton IN 47670, or call 
812-385-2564. They are nice 
people and it is kind of 
amazing to run into an outfit 
that acts as if it wants your 
business! 

Setup and Operation 

Obviously if you already 
have the FAX system going as 
originally described, your 
major task will be to build 
the monitor and get it going. 
The August, 1975, article in 
73 will be your guide here - 
simply add the module to the 
circuit during construction. 
Follow the article for check¬ 
out procedures, being careful 
to keep the new S4 (internal/ 
external triggering) in the 
internal position for all mon¬ 
itor setup adjustments. 
Modifying the recorder to 96 
rpm is the next task, followed 
by interconnection of the 
monitor and FAX systems. 


Note that the monitor is now 
performing the functions of 
the solid state module, as well 
as providing a display for 
phasing and video gain adjust¬ 
ments — something that the 
solid state module did not 
accomplish. You might as 
well keep the original solid 
state module circuit elements 
on hand, for they are useful 
in the 96 rpm mode if you 
farm out either the FAX or 
monitor and have to run the 
FAX unit independently. 

If you have the monitor 
on hand and are adding the 
FAX capability, follow the 
general description in the 
original article (except for the 
substitution of the 120 rpm 
CA series motor for the 
drum) and choose your 
traverse motor from the table 
in Fig. 4 of this article. You 
can omit the solid state 
module unless you wish to 
have it on hand for possible 
independent operation of the 
FAX unit. Proceed with the 
applicable instructions for 
checking the mechanical 
aspects of the FAX recorder 
and initial setup of the lamp 
driver and drum amplifier 
circuits. The following in¬ 
structions for final setup will 
be slightly redundant for 
those stations that already 
have the FAX system in oper¬ 
ation, but are provided for 
those who are adding FAX 
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capability for the first time: 

(1) Turn on the monitor 
and set it up for normal 
NOAA display (the DRIR 

position). 

(2) Apply power to the 
drum amplifier and lamp 
driver chassis, making sure 
that the lamp switch is off. 

(3) As the circuit warms 
up, adjust the input level to 
the drum amplifier for 120 V 
ac across the motor windings 
(the drum should be clipping 
along if the drum motor 
switch is in the run position). 

(4) Place a voltmeter 
across the drum reed switch 
and verify that it is closing 
once every revolution. If not, 
adjust its position in relation 
to the magnet on the drum 
until it does. 

(5) With the FAX drum 
running, switch S4 to ex¬ 
ternal, and the monitor 
should now be triggering 
from the drum. 

(6) Play a satellite tape 
into the monitor and adjust 
the video gain for best con¬ 
trast. Phase the picture as 
usual to verify that phasing 
operates normally when the 
display is triggered from the 


drum. 

(7) With the picture being 
displayed in the normal 
manner, observe that the 
picture stays locked horizon¬ 
tally when triggered by the 
drum. Any tendency of the 
display to “wander” indicates 
that the drum is not holding 
sync. Provided that the 
mechanical checkout of the 
drum assembly indicated that 
the drum was not binding, 
carefully adjust both the 
drum amplifier level pot and 
the bias to the drum amplifier 
(6DQ5) to eliminate sync 
instability. The proper drum 
motor voltage will usually fall 
somewhere between 90 and 
120 V ac. Adjusting the 
amplifier bias alters the 48 Hz 
waveform and by working 
both controls you optimize 
both waveform and voltage so 
that the drum will hold sync 
reliably. Once set, these con¬ 
trols will require no further 
adjustment. 

(8) With the monitor 
picture showing normal con¬ 
trast, turn on the lamp switch 
on the FAX recorder. The 
meter in the lamp driver 
circuit should bounce around 


in response to the video 
signal, and the lamp bright¬ 
ness should change in 
response as well. 

(9) If you already have 
experience with the proper 
levels required for FAX 
printing, set the new input 
gain pot on the lamp driver 
chassis to approximate this 
proper swing. If in doubt as 
to the precise level, set it for 
a bit more current than 
normal, since you will be 
printing at a faster drum 
speed. If you have no pre¬ 
vious experience to go by, set 
the input level pot so that the 
meter is peaking midway 
between zero and your black 
level setting. 

(10) Turn off the recorder 
and look at the current 
indicator in the lamp driver 
circuit. It should be flipping 
back and forth from zero to 
black level, indicating the 
proper operation of the line 
blanking circuit. 

If all has gone well to this 
point, you are ready to print 
a picture. If you have not 
already done so, mark a line 
on the drum to correspond to 
the position of the light gun 


when the drum magnet is 
opposite the reed switch. This 
line will serve to locate the 
edge of the paper when it is 
attached to the drum 
assembly. 

The original article on the 
FAX system outlined the 
general requirements for 
photographic paper, safe- 
lights, etc. Extensive ex¬ 
perience printing with the 96 
rpm FAX system has shown 
that resin-coated bromide 
papers (such as Kodak 
Kodabrome RCM) are 
ideal. This paper can be 
handled under dim red safe- 
light illumination and two 
safelights — one at the oper¬ 
ating position for loading 
paper and watching meters 
and the other at the 
processing station - are ideal. 

Under safelight illumina¬ 
tion, mount a piece of photo¬ 
graphic paper on the drum 
using doublestick tape. Posi¬ 
tion one edge of the paper 
parallel to the line you have 
marked on the drum. Fire up 
the monitor and FAX system 
and set S4 to external. Play 
the satellite tape through the 
monitor and phase the 



Fig. 5. Examples of simultaneous monitor and FAX readout from a NOAA 4 satellite pass across the central United States. The 
monitor picture is on the left and the corresponding segment of the FAX readout is on the right. The monitor, in addition to 
providing control of the FAX element of the system, also provides a negative that can later be printed in any sine format. The 
FAX printout provides a high resolution picture of the entire pass, which can be used for immediate evaluation of cloud cover. 
The monitor also provides for picture readout in other modes that are not compatible with the NOAA FAX recorder. 
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Fig. 6. The author's satellite station, where the monitor (upper right) and FAX display systems 
are integrated into a single display system. The actual FAX recorder is on the upper shelf to the 
right of the monitor. The lamp driver and drum amplifier circuits are on the chassis on the 
lower shelf next to the SB 102. To the right of this chassis is a chart recorder (Heathkit), which 
records satellite signal levels during unattended station operation. 


picture. Close the lamp 
switch in the FAX circuit and 
start the traverse motor. As 
the picture is printing on the 
FAX recorder, you can watch 
it or even photograph it from 
the monitor display. When 
the vertical scanning reaches 
the bottom of the monitor 
screen there should still be 
unexposed paper on the FAX 
drum, so simply recycle the 
vertical sweep and continue 
to watch the display until 
your recording is finished or 
until you run out of paper on 
the drum. Notice that any 
abnormality in the operation 
of the drum will be imme¬ 


diately apparent on the 
monitor display, which saves 
you the wail until the end of 
the recording (plus processing 
time) to discover that the 
system has glitched. 

When the pass is finished, 
process the paper, and you 
should see the facsimile 
version of the picture you 
saw on the monitor. If the 
FAX print is too dark after 
normal processing, increase 
the gain at the input of the 
lamp driver. If it is too light, 
decrease the spin slightly. 
Eventually you will arrive at a 
setting of the gain pot where 
the picture on the print 


matches the monitor display 
— at which point you should 
resist any further urge to 
tinker with it! 

Fig. 5 shows a comparison 
of simultaneous monitor and 
FAX display from a NOAA 4 
satellite pass. Fig. 6 shows my 
own equipment set up for 
operation. Normally I use the 
FAX print for immediate 
evaluation of cloud cover, 
and take photos of the mon¬ 
itor readout to provide nega¬ 
tives for the file. These file 
negatives can be used to 
reproduce pictures in any size 
format. The monitor is also 
used to display APT WEFAX 


pictures from the ATS 
satellites, a mode that is not 
compatible with the NOAA 
FAX recorder. 

Although having both 
CRT and FAX readout may 
sound like an extravagance, 

ment in the two readout 
devices is actually consider¬ 
ably less than having a 
monitor and camera for 
SSTV operation, for example. 
Like everything else, if you 
are hung up on a particular 
mode of operation you even¬ 
tually reach the point where 
it is simply not enough to just 
operate that mode — you 
want flexibility and con¬ 
venience as well. If you 
intend to occasionally read 
out a satellite picture, then 
the monitor with its multi- 
mode capability is the route 
to go. If you simply want to 
watch NOAA satellite read¬ 
out and have a scope available 
for phasing, then the simple 
FAX system will do. As 
noted in the original article, a 
48 rpm system can even be 
operated without phasing! 
The best FAX option of all is 
the 96 rpm format and, even 
if you do not intend to use a 
monitor, this article provides 
the needed design data for 
this mode of operation. If 
you find yourself dedicated 
to weather satellite activities 
of all sorts, you had better 
file this article with the data 
on the monitor and FAX 
system - you are likely to 
find that you ultimately will 
want to go the whole route! ■ 
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EDITORIAL 


A letter from Donald Peasley of 
Wrightwood, California is typical of 
perhaps a dozen letters so far received. 


10 few. computer hobby magazine this fall. 

good there just won't be that much left for 

;ue . .. 73. We'll continue to run as much 


puter hobby magazines since uP ; 
hamming are firmly entwined, 
nice thing is that once you hav 


My reception ranged from the most 
formal of interviews and a refusal to 
let me take pictures at Imsai to a 
flight up to Santa Rosa for dinner by 
Godbout and an all-day rag chew with 
Ed Roberts of MITS, complete with 
some looks at his most tightly guarded 


puter magazine. WHY? Just like a 
smoker forces his habit on non- 
smokers by blowing his fumes around, 
why must an editor of a magazine use 
his power to influence a magazine 
since he is hung up on this particular 
phase of electronics? Can't you be 
convinced after one computer maga¬ 
zine didn't make it that all aren't that 
hooked on computers? Please give 73 


"Byte" wasn't successful, but you still 


a strong temptation to bury one's 
head in the sand and hope that large 
scale integration will go away. Micro¬ 
processors are here and they are going 


It is interesting to note that despite 
the incredible growth of the computer 
hobby fields almost all of the serious 
microcomputer applications have been 



for potential ham operators and those 
hams not 25 years in the hobby - 
something a newcomer or potential 
ham would understand and help them 


.. Interface, Microtreck is due 
e out soon, Megabyte is 
to be starting soon. Kilobyte 

lis fall. To say that I have no 
on with Byte is an understate- 


radio. Let's not scare everyone away 
with all your computer articles, but 
give the magazine back to amateur 
radio as it was originally intended. 

Donald Peasley 
Wrightwood CA 


Byte extolling CQ’s virtues an< 
to pretend that 73 doesn't ex 
Byte was most successful . 


73, but probably not for 
you might think. Firstly, 
i difficult to get good 


















Our computer 

There is simply no point in trying to 
hide it, everyone is going to find out 
sooner or later anyway.TheSouthwest 
Technical Products 6800 computer is 
a big bore. Discussions with customers 
and dealers have confirmed our worse 
suspicions. 

At first people thought that perhaps 
owners of our system were just a bit 
shy because they were outnumbered at 
local computer club meetings. But then 
as the number of owners rose it be¬ 
came clear that this was not the pro¬ 
blem. And it wasn't that they were un¬ 
sociable or anything like that; they 
were simply just bored because they 
had nothing to talk about. 

Here they were, just sitting there while 
all the other members with other 
brands of computers exchanged data 
on circuit board errors, secret schemes 
of adding extra bypass capacitors to 
make the thing reliable, tricks to keep 
the clock phases from overlapping, cor¬ 
rections to manual errors and other fun 
subjects. Can you imagine the frustra¬ 
tion this caused? All our customers 
could do was to sit and be bored. They 
had nothing to talk about. 

Our 6800 has an internal monitor 
ROM that automatically puts the boot¬ 
strap loader in memory and refers con¬ 
trol to the terminal, when you power 
up. This feature deprives you of the 
chance to tell sad stories of how many 


is a bore 

times you had to go back and flip the 
console switches before you got the 
loader program in right. Since you can 
do machine language programs direct¬ 
ly from your video terminal or teletype 
in hexidecimal form, you will not have 
a chance to exchange horror stories 
with your friends about how you for¬ 
got the last zero when you entered 
10100110 from the console on your 
374th Byte and messed up the program 
that had just taken you two hours to 
put into memory. It just isn't fair. 

Since we use full buffering on all data, 
address and control lines on all boards 
in our system and since we use low 
power 2102 static memories in our 
system, there are no noise sensitivity 
problems that can lead to hours of fun 
trying to figure out why a program 
"bombed". Dynamic memories that 
some others use can drop bits, fail 
to refresh random cells, cause programs 
to do crazy things by going into 
a refresh cycle at the wrong moment 
and all kinds of interesting things. Our 
poor customers will never have a chance 
to have these interesting experiences. 

Even our documentation and software 
is no help. Not only do we have the 
most complete and thorough set of 
instructions available for any system, 
we are supplying software either 
free, or at crazy low prices. Our big 
documentation notebook for instance 


is just full of information on the sys- 
stem. There are complete sections on 
software with sample programs and 
information on programming. We have 
no assembly instructions in that big 
yellow notebook. They are packed 
with the kits themselves. The note¬ 
book is completely devoted to instruc¬ 
tion on using your computer system. 
You are therefore not going to be 
spending day after jolly day trying to 
find out how to put a program into 
your machine; researching all available 
outside literature in an attempt to dis¬ 
cover just how you write software for 
the beast. Sorry about that folks, we 
didn't mean to spoil all your fun. 

So please, have a heart, when you see 
those poor lonely souls that have pur¬ 
chased our systems say "hello". All 
they have to keep them interested in 
computers is writing and running pro¬ 
grams. Our editor, assembler, 4K and 
8K BASIC programs work so well that 
even this is quick and easy. So be kind 
to those poor bored SwTPC-6800 
owners, it's not their fault that they 
have nothing to talk about. 


SEilii @@(g)® 

Computer System 

with serial interface and 2,048 words 
of memory.$395.00 
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Ham Time-Sharing 
is Here for You! 


- - via a repeater 


Bruce J. Brown WB4YTU/WA9CVK 
4801 Kenmore Avenue #1022 
Alexandra VA 22304 



N umerous magazine 
articles and symposium 
speakers have extolled the 
possible virtues of micro¬ 
processors in amateur radio 
applications. This plethora of 
prognostication, while gener¬ 
ating considerable interest, 
has created a great deal of 
skepticism as well. After all, 
amateurs, being pragmatic by 



lulator, A-D converter, and character generator — the ingredients of Fig. 1. Remote Terminal 
G A TV repeater. Access Computer System. 








Fig, 2. Possible remote terminal system for voice-only repeaters. 


nature, are more concerned 
with the realities of the 
present than the possibilities 
of the future. Few hams 
relish the thought of spending 
$1000 on a computer system 
which might ultimately serve, 
at best, as a light-blinking toy 
rather than as the useful 
station addition originally 
intended. 

The purpose of this article 
is to affirm the present value 
of microprocessors in ama¬ 
teur radio, while demon¬ 
strating that their benefits 
can be reaped without undue 
individual expense. This will 
be shown by describing a 
unique computer-based 
system which has been oper¬ 
ating successfully for well 
over a year in the Washing¬ 
ton, D.C., area. 

In early 1974, members of 
the Metrovision Amateur 
Television Club, sponsors of 
the first fast scan TV repeater 
(WR4AAG), recognized the 
potential power of recently 
introduced microprocessor 
chips and set out to design a 
far-reaching computer system 
to enhance amateur station 
performance both technically 
and operationally. The con¬ 
cept was to give numerous 
local hams computer capa¬ 
bility at their own shacks 
through the use of a single, 
shared, cent rally-located 
processor. Thus each station 
would be spared the expense 
of building or buying a 
separate computer. Further¬ 
more, it was envisaged that 


the remote nature of the 
system could provide capa¬ 
bilities that even the most 
complex home-based com¬ 
puter could not render. 

What is this super-system? 
It’s called a Remote Terminal 
Access Computer System 
(RTACS), and is used as an 
integral part of a repeater. 

Writing and executing 
computer programs from the 
comfort of your shack is just 
one basic capability. The 
system will also measure your 
signal strength into the re¬ 
peater, power output from 
the repeater, automatically 
call CQ for you, store and 
forward messages to other 
amateurs, and serve as an 
information retrieval library. 
Let’s take a look at the 
system configuration. 

RTACS — General Back¬ 
ground 

The system is similar to 
commercial time-share com¬ 
puter networks using 
terminals at a location remote 
from the processor. You may 
already have some experience 
with remote terminals at 
work or school. Fig. 1 shows 
the amateur radio implemen¬ 
tation of this approach, using 
a TV repeater. 

At the home QTH, the 
user requires only a keyboard 
and modulator to convert the 
parallel keyboard data into a 
serial, tone-modulated signal 
which is applied to the micro¬ 
phone input of an existing 
transmitter. 


The signal is sent up to the 
repeater, where it is received, 
converted back to parallel 
data and fed into a micro¬ 
computer. At the WR4AAG 
repeater, a home brew 
8008-based processor is 
employed with 2K RAM and 
2K PROM. The output of the 
computer is fed into a char¬ 
acter generator, which for¬ 
mats the data into a standard 
525 line video signal that is 
transmitted back to the user 
and displayed on a home TV 
set through a UHF-to-VHF 
converter modified for ATV 
(amateur television) recep- 

It is thus possible for a 
ham to have computer capa¬ 
bility in the home without 
the hassle of constructing or 
buying a processor and video 
display device - an invest¬ 


ment easily amounting to 
several months of effort at a 
$1000 price lag. With RTACS 
it is possible to write pro¬ 
grams, list data out of 
memory, and execute pro¬ 
grams. It is invaluable as a 
learning aid for machine/ 
assembly language program¬ 
ming, as well as for per¬ 
forming a myriad of 
beneficial tasks in direct 
support of amateur radio 
operations. 

So as not to give the 
impression that RTACS is the 
greatest thing since the inven¬ 
tion of the carbon resistor, it 
is fair to point out some 
inherent drawbacks. First, 
only one user at a time is 
possible. Common on-the-air 
courtesy dictates who uses it 
and for how long. Secondly, 
there is no security to your 
data. Everyone can see your 
inputs and outputs (if that’s 
any concern to you). Finally, 
the system, as presently con¬ 
figured, precludes its use for 
direct control or switching 
applications around the 
home, as would be possible 
with a locally based device. 
Nevertheless, the simplicity 
and cost benefits outweigh 
the disadvantages in most 
instances. 

When operating a com¬ 
puter remotely, some pro¬ 
vision must be incorporated 
to allow the terminal user to 
restart the processor in the 



Fig. 3. Signal strength samples at 2 second intervals. No signal 
reads 7 77. Display shows transmitter turn-on, gradual increase 
in signal, followed by turn-off. 
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Fig. 4. Audio and video transmitter power levels in left and 
right columns, respectively. Samples at 2 second intervals. A 
separate calibration table is used to convert these numbers 
directly into Watts; e.g., 122 corresponds to 10 Watts, and 230 
equals 80 Watts. 


event of a software problem 
such as a loop or a halt. At 
the WR4AAG repeater, a 
hardware circuit monitors the 
output of the demodulator to 
sense a specific control char¬ 
acter. Upon its detection, the 
circuit sends a 005 interrupt 
command to the 8008 
processor, to override any 
other instruction that may be 
executing. 

While the video output 
capability of the ATV re¬ 
peater does conveniently lend 
itself to the RTACS, a 
standard voice-only repeater 
can be used. Fig. 2 shows one 
possible method for doing 
this. At the user station, a 
keyboard and modulator are 


also used. At the repeater, the 
character generator is re¬ 
placed by a modulator to 
convert the parallel output 
data from the computer into 
serialized tones. On the 
receive side, the user would 
have a demodulator to con¬ 
vert the tones to parallel data 
for driving a local character 
generator. Thus, from the 
home QTH side, an additional 
$150 investment for a 
demodulator and character 
generator is required, as com¬ 
pared to the ATV repeater 
configuration. Another differ¬ 
ence would be in the com¬ 
puter's control program 
which must prevent computer 
output from being trans¬ 


mitted until the user drops 
his/her carrier to enable re¬ 
ception of the data. This 
would not be required if the 
user can operate full duplex. 

Some specific applications 
of the system used at the 
WR4AAG repeater will now 
be examined. 

Remote Signal Strength 
Measuring Program 

Ever wonder how strong 
your signal is compared to 
others? Would you like to 
measure antenna performance 
even though you don't own a 
field strength meter? Want to 
know if your transmitter is 
tuned up for greatest output 
power but don't have a watt¬ 
meter? Are you interested in 
knowing how day-to-day 
propagation changes affect 
your signal? 

Amazingly, without any 
test equipment, you can 
determine all of the above 
with the RTACS. To call up 
this special program, you turn 
on your modulator and type 
the letters S-l-G-N-A-L on the 
keyboard. 

While monitoring the out¬ 
put of the repeater, a 3 digit 
number will be seen on the 
left side of the TV screen. 
This number is directly pro¬ 
portional to your signal 
strength as sensed by the 
repeater’s receiver. If you 
increase transmitter power, 
the number will increase in 
value; if you change to a 
lower gain antenna, the num¬ 
ber will drop. Thus you get 
an objective figure of merit 
for your signal strength. No 
more inaccurate RS reports! 

How does it work? An 
analog-to-digital converter is 
connected to the repeater TV 
receiver’s AGC line. The A-D 
converter’s digital output is 
fed into the microprocessor 
which, in turn, is connected 
to a video character generator 
tied to the repeater trans¬ 
mitter. Thus, a number is 
generated and displayed in a 
TV format which is directly 
proportional to received 
signal level. (A sample of this 
printout is shown in Fig. 3.) 


Typical applications of the 
system are: 

1. Accurate transmitter 
tune-up 

2. Gamparing transmitters 

3. Measuring performance 
of transmission lines 

4. Comparing antennas 

5. Examining antenna 
pattern (sidelobe, F/B ratio, 
etc.) 

6. Proper antenna posi¬ 
tioning {azimuth, elevation, 
polarization) 

Power Meter 

Many times the question 
arises, "Is my receiver bad or 
is the power output of the 
repeater low?" Thanks to the 
microprocessor, the answer 
can quickly be found. By 
calling up the POWER pro¬ 
gram on the keyboard, the 
power output levels of the 
repeater’s video and audio 
transmitters are given. The 
numbers that appear on the 
screen, while not in Watts, do 
d irectly correspond to a 
specific power level that can 
be determined by referring to 
a calibration table. (See Fig. 
4.) 

How does the system 
work? The detected rf output 
from the aural and video 
transmitters, derived from 
directional couplers with 
diode detectors, is fed into an 
A-to-D converter and on into 
an input port of the micro¬ 
processor. The microcom¬ 
puter then formats the data 
into columns which are 
appropriately labeled. 

Message Store and Forward 

In this mode the user is 
able to remotely control the 
character generator at the re¬ 
peater to place any desired 
message on the TV screen. 
The message may be in the 
form of a club bulletin or 
possibly be directed to a 
single individual. It is 
especially useful for leaving a 
message for a fellow amateur 
who is not home but can later 
turn on the TV and retrieve 
messages addressed to him. 
Several variations of this 
capability are provided to the 
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Fig. 5. Messages may be stored in the computer and later 
recalled by the intended recipient. 






Fig. 6. Computer generates four "pages" of data in the character generator's buffer memory and then turns each page every 0.2 
seconds for animation, in the display shown, "CQ A TV" will flash and the outside border will appear to expand and contract. 


In Closing 


user. Fig. 5 illustrates a 
sample printout. Messages can 
be transistory (stored only in 
the buffer of the character 
generator) or can be made 
more permanent by storage in 
the computer's random access 
memory (RAM). 

Automatic CQer 

By typing the CQer com¬ 
mand followed by your call 
letters, the microprocessor 
will generate an animated 
video CQ display. It does this 
by loading 4 pages of the 
character generator buffer 
memory and then turning the 
pages at high speed to create 
animation. The photos in Fig. 
6 illustrate how this tech¬ 
nique serves as a real “atten¬ 
tion getter." 

Data Retrieval 

Several applications are 
possible involving the storage 


and selected recall of data. 
Call letters, addresses and 
dates can be entered into the 
computer's memory to serve 
as a paperless logbook. Once 
the information has been 
entered, a keyword can then 
be typed to retrieve desired 
information. For example, on 
the WR4AAG system, by 
typing call letters on the 
keyboard, the computer will 
tell you the person’s handle, 
address and telephone num¬ 
ber within 1 second — con¬ 
siderably faster than trying to 
look it up in a logbook or 
directory. Other uses include 
displaying pre-stored propaga¬ 
tion or Oscar orbital informa¬ 
tion. The main limitation of 
all of these applications is in 
the size of the memory. An 
audio cassette tape recorder is 
an excellent low cost means 
to achieve the bulk storage of 
data for this purpose. 


You can now see how the 
microprocessor is presently 
employed in a practical role 
to assist amateur operations, 
and that these applications 


far transcend those possible 
using only random logic. 
Needless to say, 73 readers 
will be able to think of even 
more spectacular uses for the 
microprocessor in ham 
radio. ■ 


C. S4.Tr'I . TERR Y- 

1 •=: 1 9 ft N D E ft S O N 
F ft L. L. S C HJJ ft C- H 
V ft £ £ 3 4 3 
733-35S-8J34 


Fig. 7. After typing call letters on the keyboard, the computer 
will retrieve a corresponding name, address and phone number. 
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W hat next? You've 
probably spent a fair 
amount of time playing 
around with your home com¬ 
puter system by now. You've 
gotten familiar with the 
features and basic elements of 
your programming language. 
You’ve copied some game 
programs and written some 
small, fun programs of your 
own. Maybe it’s time to take 
the big plunge and try some¬ 
thing "real," something you 
couldn’t do just as well on a 
pocket calculator or by 
counting on your fingers. 

In this article (and in the 
concluding part next month) 
I’m going to take you 
through the thought 
processes involved in de¬ 
fining, designing, refining, 
and coding a program which 
allows the user to store and 
manipulate a large file of 
information - a “data bank” 
of sorts. The goal is much 
more than just laying a pro¬ 
gram listing in front of you 
and saying, “Here it is, here's 
how to use it, copy it if you 
want.” I hope to give you a 
feeling for doing program¬ 
ming and the confidence to 
try it yourself. That means 
we’re not just going to zip 
smoothly along from problem 
statement to finished pro¬ 
gram. No, we're going to 


make a plan, start following 
it, stumble upon unforeseen 
problems, revise our plan, 
start in again, etc., etc. Pro¬ 
gramming can be frustrating 
at times, but it is also really 
exciting. It’s like any other 
creative activity — there’s no 
magic way to leap to a 
finished product without 
going through a struggle. 
Incidentally, although our 
path may be a little rocky, 
there are a number of ideas 
and techniques we’ll come 
across which are valuable in 
many cases even if some of 
them ultimately fail in this 
specific problem. 

Here’s the problem we’ll 
work on: Our local computer 
club has been growing so fast 
that we’re having trouble 
keeping track of the member¬ 
ship records. How can we use 
our computer to help us? 

In designing any program, 
the first thing to do is calmly 
and carefully figure out 
exactly what it is we want it 
to do. We don’t want to 
spend days slaving over a hot 
teletypewriter only to dis¬ 
cover that our finished pro¬ 
gram is inadequate, incon¬ 
venient, or irritating for the 
user to interact with. 

Up to now, our club has 
used a 3x5 index card for 
each member, and we’ve 


listed a number of things on 
each card: 

1. member’s name 

2. mailing address 

3. dues paid until_ 

4. type of system 
(“ Altair 8800,” 
"Sphere 320,” "home¬ 
brew F-8,” “none,” 

5. wants to be on mail¬ 
ing list (“yes” or “no”) 
There are three different 

things we do with the 
records. For each new mem¬ 
ber, we make a new card and 


insert it. We update the infor¬ 
mation on specific cards 
(when a member gets a new 
system, pays dues, ...). We 
go through the whole stack of 
cards and pull out certain 
ones to do mailings (for 
example, every few months 
we go through and pull all the 
cards of people who need to 
be reminded to cough up 
more dues). See Table 1. 

As we think about creating 
our program, we'll keep the 
different uses in mind to be 
sure they can all be done 
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conveniently. Since the way 
we store each member’s data 
will affect how we access it, 
the first thing to do is to 
decide what memory organi¬ 
zation to use. That is, we 
should design a data struc¬ 
ture, one that is general and 
flexible enough for our pur¬ 
poses. 

The simplest data struc¬ 
ture that’s made up of more 
than one memory word is the 
array. Arrays have been used 
as data structures from the 
very beginning of computing, 
and form the basis for the 
more elaborate organizations 
(stacks, lists, strings, etc.) 
that have evolved through the 
years. 

An array-type organization 
is perfectly suited to our 
application because we have a 
large number of identically 
shaped items (the member¬ 
ship records) to store. 
Exactly how we use arrays to 
store the individual records 
depends to some extent on 
the details of the language 
being used. 

I’ll assume we have the 
features of Altair 8K Basic, 
and suggest what to do if you 
don't. 

What we can do is declare 
an array for each different 
type of information we need 
to store, and associate (in our 


minds and in our program) 
the values which appear at 
the same location in the 
different arrays. 



The value for “I” will 
correspond to the position in 
the array of that particular 
data. To store the required 
information about member 
number 12, we could use 
assignment statements (LET 
statements) like these: 



In our final program, 
though, we’ll use INPUT 
statements to request the 
information from the user 
instead of using assignment 
statements. After a number 
of records have been stored, 
the arrays will look some¬ 
thing like Table 3. 

Now that we’ve chosen a 
way to store our data, it’s 
fairly obvious what the 
routines which maintain and 
access the file will have to do. 
We'll keep track of how many 
members we have so far (0 to 
begin with, 6 in Table 3); 
then if we want to add a new 
member's record, we fill the 
information into the next 


available array location and 
add one to the number of 
members. To update a mem¬ 
ber's record, we start at array 
location 0, and see if N$(0) is 
the member we’re looking 
for. If not, we look at N$(l); 
if that’s not it, we look at 
N$(2), etc. Eventually we'll 
come to the right place and 
make the desired change. To 
generate a mailing list, we go 
through the arrays one mem¬ 
ber at a time, printing out the 
names and addresses of those 
who meet the criterion 
(either having a “YES” in 
their L$ field, or owing dues 
soon, or having a certain kind 
of system). 

Looking over things so far, 
we might feel pretty good. 
All our desired functions 
seem possible, even fairly 
easy, to program. We might 
even pride ourselves on the 
fact that if a member dis¬ 
covers that we have an error 
in his or her data, we have an 
easy way to correct it — by 
using the update feature. (For 
some insane mysterious 
reason, some commercial data 
gathering organizations don’t 
seem to cope with this prob¬ 
lem very well.) 

But before we plunge 
ahead and code these 
schemes, we should think 
them through again, 
especially worrying about 
what sorts of errors can creep 
into our system. For in¬ 
stance: (1) What if there's a 
mixup and the same new 
member gets entered in 
twice? (2) What if we go to 


do an update and misspell the 
name accidentally? (3) What 
if we were using assembly 
language and limited names 
to having no more than 24 
characters as suggested in 
Table 4, and the user enters a 
name that’s too long? (4) Can 
you think of any more prob¬ 
lems that we could have? 
(Unfortunately, there's a 
couple of biggies lurking in 
here. See if you can spot 
them.) 

Problems (1), (2), and (3) 
all involve input data that 
doesn’t fit the assumptions 
we’ve made. It’s crucial to 
design programs so they don’t 
blindly plunge ahead using 
invalid data. People make 
loads of typing mistakes as 
well as have mental lapses. 
It’s a corollary of Murphy's 
Law that if your program can 
blow up on invalid data, 
sooner or later it will. 

The solution to error (1) is 
to have our program search 
the data file to see if there is 
already an entry for the 
"new” member instead of 
just blindly adding a new 
record in. That won’t involve 
much extra programming 
effort because we already 
have to be able to search for a 
particular name to do the 
update operation. 

The solution to problem 
number (2) is to be sure that 
our search routine doesn’t 
look farther into the arrays 
than the number of members, 
and if it comes to the end 
without finding the desired 
name, to inform the user of 


The problem of storing records and manipulating files is a very 
widespread one. Even though we're dealing with a specific example 
here, the techniques we'll develop can be directly used in many other 
situations. 


Your club may want to keep a file of radio-electronics supp 
houses, storing name, address, type of material offered, peopli 
experiences dealing with them, etc. 

You could create a bibliography of reference books and magazine 
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Table 1. 










that fact. 

Finding a solution to prob¬ 
lem (3) is more bothersome. 

One solution would be to 
redesign the data structure so 
it allows more characters per 
name. But that would require 
more memory, most of which 
would be used to store blanks 
at the end of normal sized 
names. Another solution 
would be to redesign the pro¬ 
gram so that it implements a 
string-like (variable length) 
data structure. But that 
would be a lot of work. A 
compromise is to have the 
program count the number of 
characters in each name that's 
entered, and if the count 
exceeds 24, to ask the user to but it seems less offensive over the basic techniques 

supply an abbreviation. The than having the program we’ll use, and have antici- 

last solution isn’t perfect arbitrarily chop off part of pated some of the rough 

(what if two people abbre- someone’s name. spots, we can start designing 

viate the name differently?). Now that we’ve thought the program in earnest. The 

main thing it has to do is 
repeatedly accept commands 
from the user and carry them 
out. See Fig. 1. 

Now we can refine our 
plan by breaking down each 
of the boxes into finer and 
finer detail, ultimately con¬ 
verting each to some 
sequence of Basic statements. 

Let's start with the one 
that says 


An array is a collection of memory cells, individual members of 
which may be referenced by specifying the array name plus a subscript 
value (index). 


In Basic. Fortran. Algol, etc. 
Usually you need some sort 
of "OIMension" statement 
telling how long the array is: 
DIM M(50) 

Each array has a name: 


In Assembly Language 
When writing the program 
you reserve a contiguous 
chunk of memory of the 
appropriate size. 

Each array has a starting 



the memory location of the 
first byte in the chunk you 
set aside. 


Individual locations are 
identified by listing a 
subscript expression after 
the array name: 

M(24) 


Individual locations are 
accessed by adding an 
offset (or index ) to the 
starting address. Often 
the machine architecture 
includes an index register 
for this purpose. 


The subscript expression may The index can be varied 
be computed from other values: depending on other values. 
M(N*2+J) 


M(0) 


base 


M(1) 




M(2) 


base+n 


M(3) 




M(4) 


base+2 n 




base+3n 



/?=# of bytes per 
array element 



To carry it out, we need to 
get the new member’s name, 
look through our file to make 
sure it’s not already there, 
and if it’s not, fill the new 
member’s information into 
the arrays. Let’s use a variable 
C (for ‘‘member count”) to 
store the number of mem¬ 
bers. Since arrays in Basic 
start with position 0, location 
C in the arrays will be the 
location of the next empty 
spot. That means we can fill 
the new information into 
N$(C), A$(C), ... ,L$(C). 
Finally, we add one to C 
since now there’s one more 
member in the file. If that 
doesn’t seem clear, draw the 
arrays out and go through a 
few cases by hand to make 


sure that C is updated at the 
right time. See Fig. 2. 

Now we're starting to roll. 
The only thing left to specify 
is the flow chart box that 
says “search file for that 
name." The new name has 
been assigned to the string 
variable, ‘‘P$." The flow 
chart is shown in Fig. 3, and 
here’s the translation of the 
flow chart into Basic. Notice 
that we've written it as a 
subroutine since we’re going 
to use it in two different 
places. It communicates its 
results by leaving the variable 
F with the value 0 if the 
sought-for name wasn't 
found, and with the value 1 if 
it was. In addition, if the 
name was found, the variable 
I will be left with the sub¬ 
script value of the desired 
record. 



Things still seem to be 
going all right, so let’s forge 
ahead and convert our “add 
new member info" flow chart 
into Basic. 



Again, everything went 
pretty smoothly, but let’s 
look over the code closely to 
be sure there are no typos or 
other obvious errors. Every¬ 
thing looks pretty good ... 
but wait! What’s that? State¬ 
ment 2210 looks a little 
funny all alone there. It’s not 
very common to increment a 
counter without checking to 
make sure it’s still within the 
proper range. What were we 
thinking? Hmmm. "C" is the 
number of club members. Of 
course our club wants as 
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BARSTOW RD. 


NS 

0 JOSE ALCALA 

1 SANDY SWEICKERT 

2 ANTHONY TEMPLE 

3 SUSAN BURGESS 

4 BILLMCKEEMAN 

5 SAM WALSH 


P O BOX 3279 
% FOX DR. 

97 LIGHTHOUSE DR.. =3 
3224 STEVENS CR. BLVD. 
1202 BROADWAY 


BS 

WATSONVILLE CA 95050 
CAPITOLA CA 95030 
SANTA CRUZ CA 95061 
SANGAUCHOS CA 95070 
EL CERRITO CA 94720 
LOSPERROS CA 


OS 

JULY. 1977 
DEC. 1977 
AUG, 1978 
SEPT.1977 
JANUARY, 1979 
DEC. 1978 


SS LS 

SWTC 6800 YES 0 

NONE YES 1 

ALTAIR 680 NO 2 

I MSA18080 YES 3 

BURROUGHS B5500 NO 4 

HOME BREW 8008 YES 5 


Table 3. 


many members as we can get, 
but how many can our pro¬ 
gram handle? The way we 
declared our arrays, we left 
room for 101 members, but 
was that right? What if we get 
thousands of members? We 
can’t just keep increasing the 
array sizes in our DIM state¬ 
ment — surely not that many 
records will fit in memory at 
once. But if they won’t, our 
program won't work! Oh no! 

Let’s try to suppress that 
old sinking feeling and figure 
out what's going on here. 
Suppose the average name has 
20 characters in it and the 
average address 50. The dues 
expiration date takes up 
about 9 bytes, the system 
description about 25, and the 
mailing list info takes 3. 
That’s about 107 bytes per 
record. We’re running 8K 


Basic and our computer has 
16K bytes in all. That means 
we'll be able to fit about 
8K/I07 2s 80 records before 
completely running out of 
space. That won’t do. Maybe 
we've been extravagant in the 
way we've organized our 
data. 

There are a few things we 
could do to free up a little 
more memory (see Table 5). 
We can't cut out any of the 
data stored about the mem¬ 
bers without making our pro¬ 
gram pretty much useless. We 
could throw out the REMark 
statements, but that won’t 
make much difference (we 
might squeeze in 2 or 3 more 
records that way). 

We can convert some of 
the string values to numbers. 
For example, the mailing list 
entry could just as well be 1 


or 0 instead of “YES” or 
"NO”, and we could list the 
dues payment date in the 
form 1978.06 instead of 
“JUNE,1978.” In fact, we 
can do both of those and 
cram both values into one 
array by leaving the date posi¬ 
tive if the member wants to 
be on the mailing list and 
making it negative otherwise. 
That way, 



If we do that, though, we 
want to be sure that no one 
who uses the program has to 
know about it (there'd be too 
many chances for error, plus 
who would want to explain 
it?). This would require sub¬ 
routines to pack and unpack 
the information. Unfortun¬ 
ately, even that won’t help 
very much (our club is very 
optimistic about our eventual 
size). The only option is num¬ 
ber 6. We’ll have to keep 
most of the data on an 
external storage device and 
bring it in in manageable 
sized chunks to process it. 
Maybe if we’d been a little 
more awake at the beginning 
(the Programmer’s Lament), 
we could have seen that that 
was what we wanted to do all 
along — surely we weren’t 
going to keep all the records 
in memory all the time! The 
Startrek freaks would have 
had our heads! 

There are a number of 
different types of external 
storage we could use (in¬ 
cluding paper or mag tape, 
disc, etc.) and a number of 
different ways of interfacing 
to each. We can't go into 
them all here; instead I'll try 
to outline what to do 
assuming that we’re using a 


cassette recorder. On most 
versions of Basic, you’ll have 
to write machine language 
routines to handle the re¬ 
quired I/O. You can either 
write machine language 
equivalents to the INPUT and 
PRINT statements, or you 
may want to write a routine 
that makes your cassette 
recorder look like the 
terminal to Basic. In that 
case, you would call the 
machine language routine, 
then INPUT from or PRINT 
to the tape, then call the 
routine again to restore the 
terminal as the I/O device. On 
the other hand, you may be 
able to connect your cassette 
recorder in parallel with your 
terminal (similar to the way 
Teletype paper tape equip¬ 
ment is related to the key¬ 
board). 

At any rate, let’s assume 
that you have some way of 
getting records in and out of 
memory. 

Interestingly, this doesn't 
force very many changes in 
our program. We just need 
another test here and there: a 
test which determines if 
we’ve finished searching 
through the records currently 
in memory. If we have, but 
still haven’t found the record 
we want, we call a subroutine 
which reads a new memory- 
full of records from tape and 
forge ahead. 

Now we have a scheme 
that’s sure to work and we 
can push on, refining it and 

coding it_or do we? If our 

previous disaster should have 
taught us anything, it’s not to 
get carried away with what 
seems to be a good idea with¬ 
out having a long hard look at 
it. We should review our plan, 
taking care to check not only 
whether we think we can 
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What if 


jr version of Basic doesn't allow arrays of strings? 


— If it allows string variables, but not arrays of strings, you can usi 
two-dimensional array to store names by ripping the string apa 
converting each character in the name to a number (there should bi 
built-in function called something like ASC which does that) a 
storing them one by one. (On most versions of Basic, rwo characti 
will fit in each numeric variable.) 

DIM N(100,24),A(100,24)_ 


to use assembly language. 

- In assembly language, simply allocate 24 or so bytes per array 
location, and store the characters one per byte, filling in any unused 
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MICRO-ALTAIR 



The complete Computer System 
that requires just a keyboard 
and TV monitor for use. 


The MICRO-ALTAIR is: 

The hardware — video terminal interlace board, CPU/ROM/ 
RAM board, backplane, power supply and cabinet; 

The software — video driver, debugger, operating kernel 
supplied on ROM; 

The personal computer system — complete, expandable, no 
loose ends — a complete and powerful tool; 

THE SOLUTION BOX FROM POLYMORPHIC SYSTEMS. 

Applications include smart terminals, data acquisition systems, 
games, accounting, front-end for a larger computer-anywhere a 
little processing is required. 

COMPLETE SYSTEM [EXCEPT FOR MONITOR AND ASCII KEY¬ 
BOARD] $575.00 KIT. OELIVERY 60 DAYS - SERIAL I/O AND 
CASSETTE OPTIONS AVAILABLE. 


UIDEO 

TERMINAL 



Go to your local computer store and compare 


Video Terminal Interface — characters are stored in on-board 
memory. Entire screen may be read or written in 20 millisec¬ 
onds, Software includes a text editing system with scrolling 
and insert and delete by character or line. 

VTI/32 32 character line $160.00 kit $230.00 assd. 

VTI/64 64 character line $185.00 kit $260.00 assd. 

VTI/SK Socket kit for VTI kit $ 15.00 

Delivery — 30 days 

Analog Interface — 1 or 2 channels of analog output with 10 
bits of resolutions (0-1OV or +5Vwith bipolar option), 6 bits of 
latched digital output and 8 analog comparators for software 
controlled A/D conversions. 

ADA/1 1 analog output $135.00 kit $175.00 assd. 

ADA/2 2 analog outputs $185.00 kit $235.00 assd. 

ADA/SK Socket kit for ADA kit $ 10.00 

Delivery — 30 days 

Mi prices and specifications surest to change without notice Prices are US* only 
CaM resklents add 6 sales las. Add 5n shipping, handling and insurance 

POLYMORPHIC SYSTEMS 

737 S. Kellogg, Goleta, CA 93017 (805! 967-2351 




Seven ways of cutting down on memory usage listed in order of 

decreasing disgustingness. 

0. Give up. 

1. Decrease your ambitions, throw away some of your program's 

2. Throw out REMarks and cram more than one statement onto each 
line. Note: Since both of these make your program harder for 
people to understand, be sure to keep good written records of what 
the program does and how it does it. 

3. Use abbreviations in string data, or convert string values into 
numeric values. Note: The latter saves a little space - the space used 

4. Cram more than one piece of data into a single variable. Note: Be 
sure to include packing and unpacking subroutines so users don't 
have to deal with conglomerated, messy values. 

5. Revise the basic algorithm so that it (re-lcomputes values instead of 
relying on stored data. One example: Instead of storing calender 
dates and days of the week, look up and use an algorithm which 
computes them. 

6. Use external storage devices. 


Table 5. 


write the code, but also to see 
whether it’s really practical. 
In fact, with a system like our 
club’s, our new plan isn't 
practical. Our cassette tape 
interface runs at 300 baud - 
about 25 characters a second. 
That means each memory-full 
of membership records (each 
80 records) will take almost 
five and a half minutes to 
read in. 

Suppose we have 200 
members and one of them 
tells us that there’s a mistake 
in his mailing address. 
Suppose further that he's a 
recent member and his record 
is near the end of the file. 
The way we have it now, the 
person using the program to 
do the required update will 
have to put on the first tape, 
sit there 5 Vi minutes, find 
(groan) that the desired 
record wasn’t on that tape, 
get the next one, wait 5Vi 
minutes, etc. It would be so 
gruesome that no one would 
ever want to do the updates 
that were supposed to be one 


of our system's big features. 

Fortunately, there's a way 
out and it won’t require any 
major changes to anything 
but our search algorithm. Un¬ 
fortunately, we’ll have to 
wait until next month to find 
out what it is so we can 
(finally) complete our club’s 
record keeping program. 

What have we accom¬ 
plished so far? We’ve taken a 
realistic, fair-sized problem 
and broken it down into 
small manageable parts. We’ve 
stepped back (well OK, fallen 
back) and analyzed how the 
system will work in practice 
— and found our plan 
wanting. Along the way, 
we've seen techniques for 
using arrays, organizing data, 
and we’ve seen a search 
strategy that is useful when 
dealing with small amounts of 
data. We’ve seen some tech¬ 
niques for saving memory 
space. Most of all, we’ve had 
a mind’s eye view of the 
agony and the ecstasy of 
developing software. ■ 


Hints about next month's search strategy. 

— If telephone directories were organized like the scheme we've used so 
far (the names aren't in alphabetical or any other particular order), 
would you be willing to use one? 

— If somebody asks you to guess a number from 1 to 100 that they're 
thinking of, and they tell you "high," "low," or "got it" after each 
guess, what’s the most guesses you'd ever need? 










OSCAR Orbits 

on Your Altair 

- - the software you’ve needed 



hers. 
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Joe Kasser GSZCZ 
1 IS32 Stewart Lane 
Silver Spring MD 20904 


A ltair owners rejoice. 

You can now obtain 
individual orbital predictions 
for the AMSAT-OSCAR 6 
and 7 spacecraft on your 
machine, for any day of the 
year, using the following pro¬ 
gram. 

This program is written in 
ALTAIR BASIC (8K) and 
uses only about 1750 bytes 
of User Program Memory 
Area. 

The program gives you the 
following options: spacecraft 
6 - AMSAT-OSCAR 6 orbits 
only; spacecraft 7 — 

AMSAT-OSCAR 7 orbits 
only; spacecraft 0 — both 
spacecraft orbits. 

If spacecraft 6 or 0 are 
chosen the following options 
are available: 0 — Print the 
orbits; 1 — Print the orbits 
only if the Spacecraft is 
scheduled for communica¬ 
tions use that day. 

The opening dialogue is as 


follows: The program asks for 
the day, spacecraft and if 
necessary the option. It then 
thinks about it for a while 
and prints out the required 
data. Several examples of 
such listings are shown. 

The program works in the 
following manner, outlined in 
the flow chart of Fig. 1. The 
initial dialogue gives it the 
wanted day (WDAY) and the 
spacecraft (SC). Next it picks 
up the orbital parameters 
depending on the spacecraft 
chosen. The data for 
AMSAT-OSCAR 6 are stored 
in lines 40 and 45, and that 
for AMSAT-OSCAR 7 in lines 
60 and 65. 

A test is performed at line 
42 or 62 to determine if data 
is available for the wanted 
day. If the “both spacecraft” 
option has been chosen, a 
“print” flag (PX) is set at line 
30. 

Next the condition of the 
















spacecraft on WDAY is com¬ 
puted. For AMSAT-OSCAR 
6, the actual day of the week 
that WDAY occurs on is 
calculated (SDAY) and com¬ 
pared with the spacecraft 
operational schedule in the 
subroutine starting at line 
700, and the program ends if 
option (OP) zero was chosen 
and WDAY is an OFF (i.e., 
AMSAT-OSCAR 6 is not 
available for communications 
use) day. 

Similarly, the mode that 
AMSAT-OSCAR 7 will be in 


The table headings are 
then printed (subroutine 
starting at 800 and line 75). 

The main loop starts at 
line 100. The orbit (RB) is 
incremented and the 
equatorial crossing (XS) is up¬ 
dated by one progression 
amount at line 100. If the 
value of XS should become 
greater than 360°, it is fudged 
by the routine at lines 125 
and 130. The time TM is 






















incremented by adding the 145 and 150. 
period (PD) at line 140. Note print control 
PD and TM are in minutes. If WDAY is grea 


1440 minutes (24 hours), i 


ites. If WDAY is greater than DAY, 
r than printing is inhibited. 


This program calculates 


fudged and the day (DAY) the orbital parameters for any 
count incremented at lines wanted day (WDAY) by 


starling witn a rererence aay 
and updating it by successive 
additions. Line 185 detects 
that all the orbits for WDAY 
have been printed and stops 
asses the program execution. 

The routine beginning at 
F ORB115682 ) 5 qq f ormats the data for 

the printout at line 520. The 
value of TM in minutes is 
converted to hours and 
minutes and formatted to 
print out only two decimal 
places (the formatted value 
becoming TF). The equatorial 
crossing location (XS) is also 
similarly formatted (the for¬ 
matted value becoming XP). 
After the data is printed, the 
program computes the 
parameters for the next orbit 
and so on. 

After the day’s orbits for 
AMSAT-OSCAR 6 have been 
printed or inhibited 
(depending on OP), the value 
: 180 is the of PX is tested. If it is 0, the 
le, for if program exits. If it is 1, PX is 
than DAY, reset and the orbits of 
d. AMSAT-OSCAR 7 for WDAY 

calculates are calcuated and printed, 
ters for any Spread out in the program 
’DAY) by are examples of string 


manipulation. At line 3 tne 
strings C$ and E$ are set up. 
B$ is set to one of a number 
of possible states at lines 620, 
645, 740 or 750, and E$ is 
changed at line 660. This 
allows the fixed “print 
string” function of line 820 
to print a number of different 
messages depending on how 
the strings have been set up. 
This technique uses less 
memory space than routines 
that set up the strings individ¬ 
ually and require separate 
print lines in the individual 
subroutines. 

This is a pretty simple- 
minded program. It can be 
modified in many ways. 
Some suggested ones are as 
follows: 

1. Only print orbits in 
range of station. 

2. Print ascending mode 
orbits only in the case of 
AMSAT-OSCAR 6. 

3. Add antenna pointing 
data. 

If anyone is interested in a 
paper tape of the program 
listing, I can supply one for 
$1.00 and an SASE.» 



Now you can cook-up 
hot programs on your 
“8080” 



The ETK (Electronic Touch Keyer) 
processes inputs and sends perfect 
dots, dashes, and spaces at speeds of 7 
to 55 wpm. The LED indicators dis¬ 
playing dots, dashes, and spaces serve 
as a visual training aid for the less 
proficient CW operator. 17 IC’s, relay 
output, side tone speaker, 120 VAC. 
Inquiries invited. 

for only 145.00 

t (includes instruction book) 

Order direct from: 

c n P O. Box 1125 
SS Kent. Washington 98031 
Instruction Book 1.00 



64 Pages of News about the 
Amazing Technological Break¬ 
throughs in the Mini-Micro 
Computer Field! 



SS2 







Jeff Roloff 

2214 Brookshire Dr. 

Champaign IL 61820 


ASCI I/Baudot 
Converter 


T he schematic diagrams 
for the 3321 Baudot 
input option are shown in 
Figs. 1 and 2. The Baudot 
input option is used to re¬ 
ceive serial Baudot, convert it 
to parallel, and make a code 
conversion to ASCII which 
can be used with the 3320 
display unit. The three main 
circuits are a UART and two 
8223 programmable read 
only memories (PROMs), 
which are programmed for 
the Baudot to ASCII conver¬ 
sion. The UART must be 
clocked at 16 times the baud 
rate. This clock, and there¬ 
fore the baud rate, is depen¬ 
dent on the setting of the 
divide by N inputs of plug 2. 
The formula for setting the 
inputs to a one or a zero is: 


for Your TVT 

- - series or parallel to boot 


tting of the lumpers 


Note that the setting of 
the jumpers must be con¬ 
verted to binary before the 
dip plug is actually wired to 
ones and zeros. 

Example: For 100 baud 
(132 wpm), 


256- 


198,080 

16x100 


198,080 

1600 


- 137 




Fig, I. UART and control. Cl and C2 are tack-soldered to the bottom of earlier boards. Newer 
boards have provisions for these capacitors in their artwork. 

]dl 150 


Note that 137 is (Isb) 
1001 0001 (msb) in binary. 

The pins of the dip plug 
can be hardwired according 
to the above formula. Table 1 
gives the settings and dip plug 
pin numbers for some com¬ 
mon speeds. You could also 
run the wires from the plug 
to a switch so that you could 
have many speeds. 

The output of these 
dividers (circuits 3 and 4) is 
pin 15 of 4 and is sent to the 
UART to clock the input data 
in. The input data can be 
either a 60 milliampere loop, 
RS-232, or TTL compatible. 
If it is TTL or RS-232, the 
data is buffered with Q1 and 
sent directly to the UART. 
To allow the transistor to 
switch from high to low, the 
output of the loop data in- 













verier must be high. There¬ 
fore, the input is grounded if 
TTL or RS-232 is to be used. 
If the loop is used, diodes 
D1-D4 form a full wave rec¬ 
tifier whose output is regu¬ 
lated to 5.1 volts by D5. The 
68 Ohm resistor limits the 
current through the LED 
inside the circuit (which is 
between pins 1 and 2). When 
this LED has current through 
it, it emits light which turns 
on a phototransistor, also 
inside the 1C. This shorts pin 
5 to ground, causing pin 10 
of 14 to go high. Thus, with 
loop current flowing (mark 
condition), the input of the 
UART is high. The integrated 
circuit is an optically-coupled 
isolator, and is used to make 
sure that the high voltage 
loop does not get to the TTL 
circuits. 

This input data is sent to 
pin 20 of the UART. When 
this data drops to a space 
condition (logical zero), the 
UART loads the data, one bit 
at a time, into its output 
register, and brings pin 19 
(data ready) high. This sets a 
flip flop (circuit 7) whose 0 
output (pin 4) goes low. If 
the character was not a 
change case code, this 
becomes the strobe line to 


the 3320 display unit. As 
soon as the strob e has been 
receive d, a short strobe re¬ 
ceived is sent back to the 
UART board, which resets 
this flip flop. The Q output 
of the flip flop is also sent 
back to the UART to reset 
the data ready line. The data 
is still, however, available at 
the UART’s outputs. 

This data is sent to a 
buffer so that it can drive 
several TTL loads. From 
there it goes to the PROM 
code converter and to a cir¬ 


cuit whose output (pin 6 of 
9) goes high if the input data 
was a space. The outputs of 
the PROMs are open collec¬ 
tor, and only one set of 


outputs is enabled at one 
time. One PROM is used if 
the unit is in the letters case. 
Likewise, the other one is 
used if it is in the figures case. 










































































Fig. 3. PC board and parts layout. 


The PROM that is enabled 
has pin 15 brought low by 
the other flip flop in circuit 7 
(pins 13 or 10). The output 
of the code converter consists 
of 7 bits coded in ASCII and 
one bit that is high only if the 
case is to be changed. Table 2 
has the ASCII and Baudot 
codes, as the PROMs convert 


them. The ASCII bits are sent 
to the 3320 display board 
through a buffer consisting of 
AND gates, but the change 
case bit is decoded with the 
Baudot data to decide 
whether to shift into figures 
or letters. If bit 3 of the 
Baudot data is high, the unit 
goes into letters shift, while if 


it is low it goes into figures 
shift. The unit can also go 
into letters if a space is re¬ 
ceived, and unshift on space 
is not inhibited (pin 3 of 9 is 
not grounded). If a figures 
shift command is received, 
pin 11 of 9 goes high, which 
sets a flip flop at pin 12 of 7. 
This brings 13 of 7 low, 


CHAR A 5 A 4 A 3 A 2 A 1 

blank 0 0 0 0 0 

T 0 0 0 0 1 

CR 0 0 0 1 0 

0 0 0 0 1 1 

SPACE 0 0 10 0 

H 0 0 10 1 

N 0 0 110 

M 0 0 111 

LF 0 10 0 0 

L 0 10 0 1 

R 0 10 10 

G 0 10 11 

I 0 110 0 

P 0 110 1 

C 0 1110 

V 0 1111 

E 1 0 0 0 0 

Z 1 0 0 0 1 

D 10 0 10 

B 10 0 11 

S 10 10 0 

Y 10 10 1 

F 10 110 

X 10 111 

A 110 0 0 

W 110 0 1 

J 110 10 

figs 110 11 

U 1110 0 

Q 1110 1 


°8 °7 °6 °5 0 4 O3 0 2 0 , 

0 0 1 0 0 0 0 0 

0 10 10 10 0 

0 0 0 0 1 1 0 1 

0 10 0 1111 

0 0 1 0 0 0 0 0 

0 1 0 0 1 0 0 0 

0 10 0 1110 

0 10 0 110 1 

0 0 0 0 1 0 1 0 

0 10 0 110 0 

0 10 10 0 10 

0 1 0 0 0 1 1 1 

0 1 0 0 1 0 0 1 

0 1 0 1 0 0 0 0 

0 1 0 0 0 0 1 1 

0 10 10 110 

0 1 0 0 0 1 0 1 

0 10 110 10 

0 1 0 0 0 1 0 0 

0 1 0 0 0 0 1 0 

0 10 10 0 11 

0 10 110 0 1 

0 1 0 0 0 1 1 0 

0 10 110 0 0 

0 1 0 0 0 0 0 1 

0 10 10 111 

0 10 0 10 10 

1 0 1 0 0 0 0 0 

0 10 10 10 1 

0 1 0 1 0 0 0 1 

0 10 0 10 11 

1 0 1 0 0 0 0 0 


enabling the figures PROM. If 
a letters shift command is 
received, or if USOS is 
enabled and a space is re¬ 
ceived, pin 8 of 8 is high, 
which sets the flip flop at pin 
8 of 7. This brings pin 10 of 7 
low, which enables the letters 
PROM. The unit can be put 
manually into figures or 
letters by grounding the 
enable pins of the desired 
PROM. This will set the flip 
flop accordingly. 

Assembly 

Refer to the first four 
paragraphs of the main logic 
board’s assembly procedure 
for basic information per¬ 
taining to the assembly of 
this kit. Fig. 3 is the place¬ 
ment drawing for a|| of the 
components on the Baudot 
Input Board. All parts have 
their type number and com¬ 
ponent number (as used on 
schematics) printed on the 
drawing. 

1) Mount and solder all 
resistors and diodes to 
the board. The banded 
(cathode) ends of the 
diodes are marked by a 
square pad on the top 
of the board. Mount all 
resistors and diodes 
before soldering them, 
as a way to check your 
work. 

2) Mount and solder 
the 40 pin socket and 
the two 16 pin sockets 
at the positions marked 
UART, PI, and P2, 
respectively. 

3) Mount all the TTL 
integrated circuits on 
the board and, after 
checking their place¬ 
ment, solder them in. 
The placement of pin 
one is denoted by a 
small “flag” coming off 
of that pin’s pad — 
along with a square pad 
on the top of the 
board. 

4) Plug the 40 pin 
UART into the socket, 
being careful not to 
bend the leads. 

5) Mount all capacitors 
and the transistor, 
being sure to polarize 
the electrolytic. The 


Table 2(a). PROM coding, LETTERS PROM. 
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EDITORIAL BY WAYNE GREEN 


El Toro Crappo. After 
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HITEHOUSE&CO. 

17 Newbury Drive, Amherst, N.H. 03031 


TRANSMITTING VARIABLES 

Milled 16250 dual 255pF 3kV.$43.25 

Milled 16520A sidgle 200pF 3kV . . . 24.75 
Johdsod 154-10 sidgle 347pF 3 kV . . 34.60 

Johnson 154-507 Dual 200 pFkV ..46.20 

COUNTER DIAL 
Millen 10031, 0-99 turns readout with 
0-100 vernier dial, ideal for 
transmatch, fits %" shaft $25.50 
We offer the identical product as the other house at about ONE HALF THE COST 




lowest PICES 

Send first class stamp 
for parts flyer. 

JOHNSON SINGLE SECTION 800 V 

160-102 1.5-5 pF $3.00 

160 104 1.8-8 pF 3.05 

160-107 2.3-14 pF 3.15 

160-110 2.7-19 pF 3.20 

160-130 3.0-32 pF 3.45 

BUTTERFLY 

160-203 1.5-3 pF $3.10 

160-205 1.8-5 pF 3.30 

160-208 2.2-8 pF 3.50 

160-211 2.7-1 OpF 4.50 

DIFFERENTIAL 

160 303 1.5-5 pF $3.20 

160-305 1.8-8 pF 3.60 

160-308 2.3 14 pF 4.00 

160 311 2.7-19 pF 4.50 

HAMMARLUND SINGLE SECTION 
1200 V 

MC 20S 3.5-20 pF $8.40 

MC 35S 6.0-35 pF 8.50 

MC 50S 6.5 -50 pF 8.60 

MC 75S 8.0-80 pF 8.80 

MClOOs 8.3-100 pF 9.30 

MC140S 10-140 pF 9.40 

MILLEN SINGLE SECTION 800 V 
19100 8-100 pF $11.40 

19140 9.7 148 pF 12.00 

19335 15-339 pF 17.15 

J.W. MILLER 

1460-1 3gang 6 21 pF $6.48 

2101 Igang 11-105pF 18.00 


ROTARY INDUCTORS 

Johnson Style 229-203, 28 mH .$32.00 

2KW ANTENNA TUNERS 

Millen 92200 . 199.00 

DUMMY LOAD WATTMETER 

B&W Model 374 1.5 kW 0-300 MHz.215.00 

MINIDUCTORS 

3003 $1.85 3016 $2.10 

3011 1.90 3021 2.20 

3012 2.05 3025 4.45 

3014 1.85 3029/3905 1 5.05 

301 5 1.95 

GROUNDED-GRID FILAMENT CHOKES 

B&W FC15A dual winding 15 A.$24.50 

B&W FC30A twin dual winding 30 A.29.00 

R-F PLATE CHOKES 

B&W 800 90 mH 2.5 kV 500 mA.$8.75 

National R175A 145 mH 3 kV 800 mA.10.60 



NOW IN STOCK FB-43-801 1.50 Dot. 


Transmitting Variables Roller Inductors - Counter Dials - Air Wound Coils - Couplings - 
Knobs - Receiving Variables - Toroids - R.F. Chokes - Coil Forms and more from Millen - 
E. F. Johnson - Barker & Williamson - JW Miller - Hammarlund. Send First Class Stamp for 
I Iyer. Add $2.00 to each order for shipping and handling. Prices subject to change. 


REPORT FROM DENVER 




This exhibitor drove a couple of 
days to get to Denver and found first 
off that his confirmed reservations 
were screwed up. After a lot of hassle, 
they finally gave him his room. Then 
he started looking for the material he 
had shipped out to be held for him at 


planning to sell and the reason he 
went all that way. After following a 
very difficult trail, he discovered that 
the firm he had been told to ship the 
stuff to had gone out of business three 
months earlier. The new firm received 
his shipment, held it ten days and 
then returned it. So all he had to sell 
was what he had brought with him in 

The booths were $300 each ... and 
that is extremely high for ham con¬ 
vention booth space. He found his 
booth down in the cellar, not with the 
rest upstairs. There were a few others 
down there, too. Worse, there were no 
signs in the upstairs exhibit area to tell 
anyone about the cellar exhibits ... 
and there was little light for some of 
the cellar booths. The convention 
committee refused to do anything 
about either problem, despite many 
tries at getting help. 

and finally managed to get them to 
get some lights set up so visitors, if 

Then he tried again to get help getting 

know there were some exhibits in the 
cellar ... no good. Finally, in despera¬ 
tion, he made some signs himself and 
put them near the elevators. This 
brought a few hardy souls to the 



Not that things were going all that 

pretty lonesome there, and one manu¬ 
facturer got so fed up that he gave up 
by Friday night and pulled out for 
home. Even the computer exhibits 
were empty most of the time . . . and 
computers have been pulling the best 


year. Estimates by exhibitors put the 
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- RADIOS FOR WHICH WE STOCK TWO METER CRYSTALS - 


Clegg HT-146 
Drake TR-22 
Drake TR-33 rec only 
Drake TR-72 


Heathkit HW-202 
Icom/VHF Eng 
Ken/Wilson 


Tempo FMH 
Trio/Kenwood TR2200 


Trio/Kenwood TR7200 


6.01 T 6.115T 6.175T 6.28T 6. 

6.61 R 6.715R 6.775R 6.88R 6. 

6.04T 6.13T 6.19T 6.31T 6. 

6.64R 6.73R 6.79R 6.91 R 6. 


■46R 7.60T 7.72T 7.84T 

•52T 7.00R 7.12R 7.24R 
•52 R 7.63T 7.75T 7.87T 

.55T 7.03R 7.15R 7.27R 
.55 R 7.66T 7.78T 7.90T 

•58T 7.06R 7.18R 7.30R 

.58 R 7.69T 7.81T 7.93T 


or BankAmericard. Orders prepaic 
are guaranteed for life. Crystals a 
U.S. FUNDS ONLY _ 


ck, money order, Master Charge, 
Phone orders accepted. Crystals 
idents add 25 i tax per crystal). 


SPECIAL VALUE - 
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A fully AUTOMATIC ELECTRONIC KEYER. adjustable to your 
individual operating style. This fine instrument FEATURES: 

• All solid state construction • Ten-Tec KR20A Paddles & Enclosure 

• Reliable Reed Relay Switching • Front Panel LED Indicator 

• Complete - Keyer and Key Paddles • Front and rear panel jacks for sidetone output 

• Built-in Sidetone Generator •Weighted to stay put 

• Self-completing DOTS & DASHES • No expensive power supply - takes small 

• Precise DOT-DASH space timing power from TX (+5Vdc @ 150 mA) 

• DOT Memory • Glass epoxy PC Board 

• Silkscreened front and rear panel • Quality components used throughout 

• Speed adjustable from front panel 


AND, A WARRANTY THAT WONT QUIT - EVER!! We unconditionally 
GUARANTEE this keyer to operate properly, not just for 90 days, not just for 1 
year, but FOR A LIFETIME!!! (Yours or ours.) In the unlikely event anything 
ever goes wrong with your keyer during the rest of your lifetime (no restrictions 
- even if you drop it on the floor, or the XYL throws it at you and misses) we 
will either repair or replace it free of charge. You pay only for the shipping 
involved. No gimmicks, no hidden handling, no minimum labor charge, just plain 
free. 

This Electronic Keyer is available for immediate delivery at the unbeatable price of 
just $39.95 plus $2.00 for shipping. 





















T his tester allows full 
power (smoke) testing 
of large or small power 
supplies before they are put 
on the rig. It will tell how 
many volts at how many 
Amps the supply can deliver, 
and what kind of voltage loss 
to expect under load. It can 
also help determine some of 
the attributes of low voltage 
power transformers, without 
having to wire them into a 
power supply. 

It consists of 2 or 3 tran¬ 
sistors, a pot, a couple of 
meters, a few diodes and 
some loose hardware. Don’t 
forget the heat sink. If you 
wish to be formal about it, 
then add a chassis of some 
kind. 

Fig. 1 shows the basic cir¬ 
cuit. As the wiper is moved 
toward the plus, more current 
flows in the base circuit. The 
external circuit looking into 
the collector/emitter sees a 
lower and lower resistance. 
The ammeter and voltmeter 
give an idea of Watts cooking 
(sorry about that). The diode 
allows less than perfect atten¬ 
tion to the polarity of the 
incoming voltage. The resistor 
in series with the base limits 
base current to a safe value. 

Although the transistor 
manual indicates that the 
2N3055 is a “15 Ampere” 
transistor, 2 or 3 of them 
cleared like fuses when the 
collector current was slowly 
increased above about 11 or 
12 Amps. The 10 Amp fuse 
was put in the emitter, and 
collector current excursions 
were limited after that. 



Fig. I . Basic circuit. 


Evert Frui'tman VJ7RXV 
2308 West Rancho Drive 
Phoenix AZ 850 i 7 


The Smoke Tester 

* - power supply checker outer 


Since power supplies 
capable of giving more than 
20 Amps were to be tested, 
two 2N3055s were put in 
parallel. The fuses gave 
enough resistance in the 
emitters to help the tran¬ 
sistors share the current in a 
more or less equal manner (at 
least there were no more 
creamed transistors). 

A Darlington or piggyback 
configuration is used to 
reduce the power dissipation 
requirements of the pot. Ten 
Amps in the collector can 
require as much as 'A Amp in 
the base. Half an Amp times 



Fig. 2. Solid state resistor. 


several volts equals several 
Watts. The Darlington system 
reduces the input current by 
as much as 50 times. That 
figures out to about 10-20 
mA for 10-20 Amps in the 
collectors, and makes the 
system practical. 

Note that if the power 
supply is delivering 15 Amps 
at 13 volts, then something is 
going to have to dissipate 195 
Watts. Be sure that the 
2N3055s are on a large 
enough heat sink. 


If a full wave bridge rec¬ 
tifier is placed in front of the 
tester, power transformers 
can be checked for voltage 
out versus current. That 
information would have saved 
a lot of time in the past. 

Of course, there are single 
transistors around that meet 
the voltage, current, and 
power ratings of this tester. 

If PNP transistors are used, 
reverse the polarity of the 
meters and diodes. ■ 




Fig. 3. Bridge rectifier. 
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Social Events 


ST PAUL MN 
OCT 13 

The 76 ARRL Dakota Division 
Convention will be held October 1, 2 
and 3. 1976 at the new St. Paul Civic 
Center. 143 W, 4th Street, St Paul. 
Minnesota- MARS, ladies' program. 


technical seminars, ARRL forum, 
FCC exams, Wouff Hong, W.A.M. 
Award, Large exhibit area with many 
new products, outstanding speakers, 
ARRL Headquarters personnel will be 
there, super full course banquet, and 
an ICOM IC-230 will be awarded to an 


$4.50 ($6 after Sept, 12). Among the 
featured speakers will be Wayne Green 
W2NSD/1, on "50 years of Ham Radio, 
1936 1986," 

LEXINGTON KY 
OCT 3 

The Central Kentucky Hamfest will 
be held on October 3, 1976 at the 
Country world Convention Center on 
175 between Lexington and George 


DATA ENTRY AUDIO TERMINAL 

Sends and receives hard copy or audio 
of touch tone data sent & received. 
Output 600 ohms for phone lines. ITT 
touch phone pad with oscillators. 
Hard copy by strip printer 5 char¬ 
acters per inch, 35 digits visually 
displayed at once. Prints & receives 
touch tone codes, digits only. Power 
supply etc. all in the one case. With 
two units you can send and receive 
with monitoring of visual & audio 
tone at both stations. 

Original cost $1065 Ship wt. 25 lbs. 
$49.00 each 



PARITY DETECTOR 

New packaged, made for RCA, detects 
even or odd parity, baud rate 110, 
150 or 134.46. Built-in logic supply 
for the ICs, operates from standard 
115 Vac. Control panel allows manual 
or automatic reset mode of operation. 
Aluminum enclosure (not shown) 
covers the electronics. TTY com¬ 
patible. Ship wt. 10 lbs. $16.50 




LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 4% 
x 914 inches. $25.00 each 5/$110.00 


TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 214 x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/S25.00 



UNIVERSAL POWER SUPPLY 

A unique plug-in supply by Panasonic. Useful for 
calculators, small radios, charging many & various 
small NiCad batteries. Adjustment screw plug on the 
side changes output voltage to 4%, 6, 714, or 9 volts 
dc at 100 mA, Output cord with plug, 6 ft. long. 
*SP-143C $4.50 3/S12. 





Please add shipping cost on above. 

P.O. Box 62 

E. Lynn, Massachusetts 01904 


FREE CATALOG 

SP-8 NOW READY 


town, Kentucky, Prices will be given 
away, including a special Novice grand 
prize. There will also be an indoor flea 
market. Talk-in on 146,16-76. 
Admission: S2.50 advance; $3.00 at 
the door; includes grand prize stub. 
Doors open at 8 am. For more infor 

Hamfest, Box 4411, Lexington KY 
40504. 


WASECA MN 
OCT 9 

The Sixth Annual South Minnesota 
Swapfest - Minnesota's largest ham 
gathering - will be held Saturday. 
October 9. 9 am to 4 pm at Waseca 
Community High School. Talk-in on 
.94. Contact Viking Amateur Radio 

Society (VARS). Box 3, Waseca MN 

56093. 507 835 2679 


ERIE PA 
OCT 9 

The Radio Association of Erie has 
just approved the date for its fall 
Hamfest and Flea Market on Satur 
day, October 9, 1976. This year's 

Company Grounds on Pennsylvania 
Route 8, 1% miles south of 190. 
Admission is free with a $1.0) per car 

charge for the flea market. The time 

will be from 10 am to 4 pm with a 
dinner to follow at 6 pm. For more 

information contact RAE, Box 844, 

Erie PA 16512. 

SYRACUSE NY 
OCT 9 

The Radio Amateurs of Greater 
Syracuse will hold their annual Ham¬ 
fest on Saturday, October 9, 1976 
from 9 am to 6 pm at the Syracuse 

Auto Auction building on Route 11,4 
miles south of Syracuse. Tickets 4re 
$1.50 if purchased before October 1st 
and $2.00 thereafter. Food will be 

for early comers. The Lafayette Apple 

Festival is being held the same day 

from the hamfest gate. The program 
will feature Dave Sumner of the 
ARRL, Frank WB2MFF. on "Micro- 

UNYREPCO panel, and a Navy MARS 
meeting. For tickets or further infor¬ 
mation, write R.A.G.S.. Box 88, 
Liverpool. New York 1X188. 


OLD WESTBURY NY 
OCT 10 

The Electronic Flea Market spon¬ 
sored by L I Mobile Amateur Radio 
Club (LIMARC! will be held Sunday. 

October 10, 1976, from 9 am to 4 pm 

at the N.Y. Institute of Technology. 
Rte. 25A and Whitney Lane. Admts 
sion Si.25 per buyer; S2.50 per seller, 
per space. Information call Hank 
WB2ALW, 516-484-4322. Talk-in on 
25/85. 


GAINESVILLE GA 
OCT 17 

The Lamerland A.R.C. Hammc will 
be held October 17, 1976, at the Lake 












































T wice a day, American 
industry grinds to a halt. 
Work stops as everyone leaves 
his bench or desk for a coffee 
break. It’s the time when 
everybody relaxes, has a cup 
of coffee or other beverage 
and forgets work for a few 
minutes. Often, a small group 
will collect and flip coins to 
decide whose turn it is to buy. 

But, hey! That’s almost 
work itself. The whole idea of 
the coffee break is to cease 
one’s labors and unwind. 
With this thought in mind, I 
set my creative juices flowing. 
Drawing upon my vast ex¬ 
perience and unlimited talent, 

I cast about for some means 
of minimizing effort and 
s-t-r-e-t-c-h-i-n-g my coffee 
breaks by automating the 
coin toss. 

Several methods floated 
by my mind’s eye: How 
about a gated oscillator con¬ 
trolled by a push-button 
switch and feeding a flip 
flop? The two outputs of the 
flip flop could feed two 
lamps, one labelled “heads” 
and the other “tails.” Pushing 
the button would turn on the 
oscillator which would start 
the flip flop going back and 
forth. If the rate was fast 
enough (10 Hz or so), it 
would be impossible to per¬ 
ceive the lamp states, so that 
when the button was re¬ 
leased, heads or tails should 
come up randomly. Maybe 
for a multiple player version, 

I could use a shift register or 
ring counter somehow, so 
that only one light would 
come on at the end of the 
cycle, that corresponding to 
the lucky player who buys 
for the day. 

Shucks! Pressing a button 
is almost as strenuous as 
flipping a coin, though. And 
using the ring counter could 
get complicated, not to men¬ 
tion the cries of “Foul!” 
since only one person would 
decide the fate of everybody 
playing. Then too, the gadget 
couldn’t get too complicated 
’cause I wanted to build it 
completely from my junk 
box. 


J. H. Everhart WA3VXH 
18D Lynaebrook Apts. 
Millersville PA 17551 


The 

Coffee Flipper 


--and executive 

decision maker 





Fig. 1, Functional block diagram. 


Description 

A block diagram of the 
final product is shown in Fig. 
1. Since usually three or four 
players participate, there are 
four sections, one for each. 
Operation is simple. A finger 
placed on a touchplate con¬ 
ducts 60 Hz hum (courtesy of 
radiation from the ac power 
line) to the high gain ampli¬ 
fier. The amplifier takes this 
low level sort of sine wave 
and squares it up, feeding 
steep-sided pulses to the flip 
flop. The flip flop controls 
the readout - one LED per 
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section. Simplicity and lack 
of effort are outstanding for 
this configuration. The touch- 
plate control system exem¬ 
plifies modern labor saving 
techniques similar to those 
used on the latest home 
appliances. Only one illum¬ 
inated display element is 
required per stage, since one 
need not have heads or tails, 
just on and off. This saves the 
mental work of remembering 
heads and tails, plus it saves 
on parts - LEDs cost 20 
cents apiece! 

Refer to Fig. 2 for detailed 
operation. Touchplate TP1 is 
connected to the base of a 
Darlington pair composed of 
Q1 and Q2. R3 is the collec¬ 
tor load, while R1 and R2 
bias the pair in the active 
region. Cl bypasses ac feed¬ 
back so that dc biasing is 
achieved with least effect on 
ac gain. The stage has a high 
input impedance and enough 
gain to “square up” sine 
waves impressed on the 
touchplate by a finger placed 
thereupon (remember 
checking a tube audio ampli¬ 
fier by putting a finger on the 
grid terminal?). The square 
waves are fed to a flip flop 
(a.k.a. bistable multivibrator), 
formed by Q3 and 04- R5 
and R8 are the load resistors, 
while R6 and R7 provide the 
cross-coupling required for 
flip flop operation. Gating 
diodes D1 and D2 are biased 
by resistors R4 and R9 so 
that incoming pulses are 
steered from C2 and C3 only 
to the stage which was con¬ 
ducting before the negative 
edge of the pulse occurs. This 
steering circuit assures 


reliable "toggling” of the flip 
flop so that it flips states only 
once for each incoming pulse. 
As mentioned earlier, there is 
only one readout per "coin” 
block. It can be connected in 
either load resistor leg to the 
positive supply voltage. In the 
circuit shown, the LED is 
connected to Q3 and R5 so 
that it lights when Q3 con¬ 
ducts. 

It may appear that both 
the high impedance input 
amplifier and flip flop are 
slightly more complicated 
than necessary. Strictly 
speaking, this is so, if tran¬ 
sistors of known types are 
used. However, this design 
can use darned near anything 
in the junk box. 

Construction 

The basic overall layout is 
shown in Fig. 3. The com¬ 
ponents were wired on a 
piece of vectorboard approx¬ 
imately 2.75” x 6.5”. The 
four “coin” blocks were laid 
out so that the LED was 
placed closer to its corres¬ 
ponding touchplate than any 
other for ease of interpreta¬ 


tion. Component to com¬ 
ponent wiring was done on 
the back side, with only the 
two power leads (+) and (-) 
brought out to Vector T-28 
pins for external connection. 
To maximize cost effective¬ 
ness, no power supply was 
included. Any source of 9 to 
15 volts at 40 mA will do. No 
cabinet was used both to save 
money and to impress every¬ 
one by having the “guts" 
showing. Since all signals are 
low frequency, wiring and 
layout are very non-critical. 

As mentioned earlier, the 
circuit was designed so as to 
be intolerant to component 
variation. Values shown in 
the schematic were used 
because I “guesstimated” that 
they would work. If you use 
something else, it will 
probably work. To be on the 
safe side, use ''symmetrical” 
parts substitution in the flip 
flop. For example, if you 
want to use a 27k at R6, be 
sure that you use the same 
resistance for R7. All tran¬ 
sistors used were NPN silicons 
with squirrely “in-house" 
type numbers. If you want to 
buy new ones, MPS 5172 or 
2N5172 types are fine. 
Actually any NPN silicon 
with an hfe of 50 or more 
and a breakdown voltage over 
20 volts should work. The 
LED is a 5 for $1 type picked 
up at a hamfest. Since it runs 
at about 12 mA, almost any¬ 
thing will do. The touchplates 
used were about .5" x .5" 
pieces of thin copper 
attached to the vectorboard 
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Fig. 3. Coffee flipper component layout. 


with bathtub caulk (Ge 
RTV). Naturally, they must 
be insulated from ground. 

Usage 

The basic ground rules for 
using the flipper are like 
those for “matching 
pennies.” For two people, 
both players place one finger 
on their individual touch- 
plates. One says, “If they 
match — you buy” or “If 
they're alike, I buy.” They 
count to three and at the 
count of three they remove 
their fingers from the plates 
and look at the two corres¬ 
ponding lights. For three or 
more players, you can play 
‘'odd-man-buys” or "odd- 
man-out.” In the latter case, 
the odd man drops out and 
the remaining players con¬ 
tinue. To be polite, we 
usually call the player who 
buys the “winner.” After all, 
he wins the honor of buying! 

Results 

Some questions have been 
raised by frequent “winners” 
about the randomness of the 
results of my “coin.” Even I 
wondered because I “won” 
the first six buys. Jim Shultz 
W3MYK said, "It's not 
gambling; with Joe playing 
it's a sure thing!” But several 
runs of 50 and 100 successive 
trials each have demonstrated 
an even distribution of 
results. You may buy six days 
in a row, but if you live long 
enough, the game is fair. The 
only signs of erratic operation 
have occurred in the presence 
of rf fields or near sources of 
electrical transients such as 
relays or electric motors. 

Conclusion 

Many hours of man-effort 
have been saved in using this 
device. The integrity of break 
time as a period of relaxation 
has been maintained. And, 
because even vending 
machine coffee tastes better 
when someone else buys, I 
must thank Jim Shultz, Vic 
Frey and Daryl Kane for 
countless gallons of that 
delicious brew! ■ 


163 




The Man Who Invented AC 

-- Tesla, the greatest pioneer of them all! 



Nikola Tesla (1856-1943), the inventor whose discoveries completely changed the cadence of 
human progress, spent his entire life under the influence of an irresistible impulse for crossing 


frontiers and delving into the unknown. 


Harry Goldman 
34 Amy Lane 
Glens Falls NY 12601 


A young immigrant from 
Yugoslavia stirred the 
world of electrical engineer¬ 
ing when, in 1888, he pre¬ 
sented a paper, "A New 
System of Alternate Current 
Motors and Transformers," 
before the American Institute 
of Electrical Engineers 
(N.Y.). His discovery of the 
rotating magnetic field and its 
application to the generation, 
transmission and utilization 
of polyphase alternating cur¬ 
rents for power and light 
brought electrification to the 
world. Every high-tension 
tower and transmission line 
bisecting the world’s country¬ 
sides are lasting monuments 
to Nikola Tesla's genius. Not 
widely remembered, however, 
are his contributions to the 
establishment of early radio 
communications and broad¬ 
casting. 

In 1889, the inventor 
commenced a series of 
investigations into the 
properties of high-frequency 
alternating currents. Except 
for his earlier work in low 
frequency ac and an 



high-frequency researches 
were to remain the dominant 

objective of his inventive 
career. Originally, it was his 




potential of 12 million volts. (The Century Magazine, )une 1900) 


ambition to utilize these 
currents in developing a more 
efficient system of lighting. 
Shortly thereafter, Tesla 
inaugurated experiments 
which were to place him on a 
trail leading to communica¬ 
tions, a goal which eventually 
evolved into an obsession. 

Although it is not clear 
what force motivated Tesla in 
this direction, his intense 
interest in radio was probably 
initiated as a result of 
Heinrich Hertz’s experimental 
work. Finding inspiration in 
James Clerk Maxwell’s 
electromagnetic wave theory, 
Hertz was able to transmit, 
receive and measure radio 
waves. It is without question 
that Maxwell’s mathematical 
treatise, “Electricity and 
Magnetism," initially 
announced in 1864, and 
Hertz’s “Electromagnetic 
Waves in Air and Their 
Reflections," published in 
1888, formed the genesis of 
radio engineering. 

Although Tesla was among 
the earliest who foresaw the 
application of electromag¬ 
netic waves in point-to-point 
communications, he 
continuously contested the 
concept of radio transmission 
by Hertzian waves. He 
attributed communications 
between ground stations to 
earth conduction. Later, 
when challenged to explain 
transmissions between ground 
stations and airplanes, the 
inventor responded, 
“capacitor action." Tesla 
rarely wavered in this debate 
and it is probable that his 
persistent inflexibility 
retarded, if not prevented, 
proper recognition for his 
contributions. 

By 1890, he had 
constructed alternators 
capable of producing 
undamped waves at 30 kHz. 
Some twenty years later, the 
radio industry, then 
beginning its embryonic 
stage, found undamped waves 
highly desirable. As a result, 
the high-frequency alternator 
became a sophisticated piece 
of equipment, holding a 


position of great significance 
in radio transmissions until 
the advent of the high-power 
triode in 1922. As a striking 
example of its import, it was 
possession of the 
Alexanderson alternator 
patents which gave RCA a 
nearly insuperable advantage 
in early global communica¬ 
tions. Thus, Tesla’s 
conception of employing 
continuous waves, and his 
design of apparatus for 
producing them, preceded the 
radio industry by at least two 
decades. 

Tesla again aroused the 
attention of the scientific 
world in 1891 when he 
presented the first of a series 
of historic lectures revealing 
discoveries from experiments 
with radio frequencies^ I) 
Among these was the 
disclosure of a new kind of 
transformer. Better known as 
a “Tesla” coil, this device 
represented the first 
application of the oscillation 
transformer. The Tesla 


transformer provided a 
remarkable advancement in 
that it invoked the principle 
of inductively coupled tuned 
circuits. Consequently, in his 
initial approach to 
communications, Tesla 
stumbled upon another 
important facet, the principle 
of tuning. Time has not 
dimmed its importance. 

One gains an insight into 
the inventor’s experimental 
wisdom and prophetic vision 
through reference to a 
sensitive emission within his 
vacuum tubes. In the lecture 
of 1892, given before the 
Institution of Electrical 
Engineers in London, Tesla 
states, “I think that it may 
find practical applications in 
(wireless) telegraphy. With 
such a brush, it would be 
possible to send dispatches 
across the Atlantic with any 
speed .. .”(2) The advanced 
state of our present 
technology may blind us 
from sensing the impact of 
the inventor’s declaration. At 


the time, several leading 
figures of the scientific world 
conceded the impossibility of 
traversing the Atlantic’s 
prohibiting span with an 
electromagnetic wave. To 
Tesla, the Earth's magnitude 
was of little consequence. 
”... I would say a few words 
on a subject which constantly 
fills my thoughts and which 
concerns the welfare of all. I 
mean the transmission of 
intelligible signals or perhaps 
even power to any distance 
without the use of wires . .. 
we need not be frightened by 
the idea of distance. To the 
weary' wanderer counting the 
mileposts, the Earth may 
appear very large; but to the 
happiest of all men, the 
astronomer, who gazes at the 
heavens, and by their 
standard judges the 
magnitude of our globe, it 
appears very small . . and so 
I think it must seem to the 
electrician ... it certainly is 
possible ... to produce some 
electrical disturbance 
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A 5 million volt Tesla coil developed for nuclear physics research in 1929 by G. Breit, M.A. 
Tuve, and O. Dahl. The multi-sectioned vacuum tube at the upper right was used to accelerate 
atomic particles. (Photo courtesy of T. Brown, Dept, of Terrestrial Magnetism, Carnegie 
Institution of Washington) 


sufficiently powerful to be 
perceptible by suitable 
instruments at any point of 
the Earth’s surface.” (3) 

In his final lecture of the 
"trio-series,” Tesla suggested 
a system of radio 
communications employing 
synchronized aerial-ground 
elements at the transmitting 
and receiving stations.(4) In 
view of this disclosure, it 
would seem that he was the 
first to conceive the idea of 
using transmitting and 
receiving antennas tuned to 
the same frequency. 
Therefore, by 1893, some 
four years before 
contemporaries had made 

contributions to the art, it 
appeared that Tesla possessed 
both the technology and 
ambition as well as the 
visionary powers necessary 
for bringing radio 
communications to its 
fruition. What impediment 
barred him from achieving 
the honor? 

On March 13, 1895, Tesla 
experienced a serious setback. 
The entire contents of an 


inventive career, as well as 
records, documents and a 
world’s fair exhibit were lost 
when a fire destroyed his 
New York City experimental 
station. Undoubtedly, the 
tragedy barred Tesla from 
establishing priority in several 
fields. His position in the 
world of science was 
evaluated by an article in the 
New York Sun. “The 
destruction of Nikola Tesla's 
workshop with its wonderful 
contents is something more 
than a private calamity. It is a 
misfortune to the whole 
world. It is not in any degree 
an exaggeration to say that 
the men living at this time 
who are more important to 
the human race than this 
young gentleman can be 
counted on the fingers of one 
hand - perhaps on the thumb 
of one hand.”(5) 

Tesla opened a new 
laboratory. By 1897, he had 
carried out investigations in 
the field of x-ray, studies of 
the dynamics of mechanical 
vibrations, the invention of 
electromechanical isosynchro- 
nous alternating-current 


generators as well as exper¬ 
iments with radio-controlled 
devices. One of his important 
contributions of this period 
was a high-frequency patent 
containing the fundamental 
principles upon which the 
“four-tuned-circuit system” 
of radio transmission was to 
be founded.(6) Professor 
Adolph Slaby, Germany’s 
leading authority in early 
communications, demon¬ 
strated an enthusiastic appre¬ 
ciation for Tesla’s work. In 
declaring Tesla as the "Father 
of Wireless," he wrote, “I 
have been engaged for some 
time in investigations in 
telegraphy without wires, 
which you have first 
announced in such a clear and 
precise manner in your 
‘inventions.’ It will interest 
you as the father of this 
telegraphy .. .”(7) 

Restricted by the limits of 
his New York laboratory, 
Tesla left for Colorado 
Springs in 1899 to initiate 
experiments on a large scale. 
Communications was to be 
but one phase of his project. 


Another was the transmission 
of electricity without the use 
of power lines. He was of the 
conviction that resonant 
effects of huge magnitude 
would enable him to utilize 
the Earth as a conductor. 
“Not only was it practicable 
to send telegraphic messages 
to any distance without 
wires,” stated Tesla, "... but 
also to impress upon the 
entire globe the faint 
modulations of the human 
voice; far more still, to 
transmit power in unlimited 
amounts to any terrestrial 
distance and almost without 
loss.”(8) 

There, in the shadows of 
Pike’s Peak, he constructed a 
large barn-like laboratory. 
Extending through the roof 
was a 200-foot mast topped 
by a 3-foot copper ball. 
Within the mysterious 
construction was an array of 
apparatus reminiscent of a 
Jules Verne fantasy. It was 
Tesla’s intention to employ 
the equipment in an attempt 
to alter the electrical charge 
of the Earth. 

The concrete achievements 
of the Colorado adventure 
remain obscure. Except for a 
lecture, some scattered notes, 
and a few ambiguous articles, 
he never fully disclosed the 
outcome of the experiment. 
He announced the discovery 
of standing waves induced in 
the Earth’s static charge by 
nature’s lightning and was 
able to duplicate them by 
bringing about an immense 
resonant action. In an 
experiment which has not 
since been equaled, Tesla 
produced the longest 
point-to-point man-made 
lightning discharges (135 
feet) with an absolute 
potential of 18 million volts 
and antenna currents of 
1,100 Amperes. This, and his 
ability to operate 
Earth-connected motors and 
electric lamps at a distance of 
eighteen miles from the 
source of energy, must be 
recorded as remarkable feats 
of engineering. 



Tesla demonstrated the 
vision of a true prophet when 
he suggested the employment 
of standing waves as a means 
for detecting the position and 
movement of distant objects. 
"... By their use ... we may 
determine the relative 
position or course of a 
moving object such as a vessel 
at sea .. .”(9) It wasn't until 
just before World War II that 
radar, as foretold by Tesla, 
became a working reality. 

Upon his return to New 
York in 1900, Tesla began 
construction of a transmitting 
plant on Long Island. 
Residents of early Shoreham 
can recall the gigantic tower 
situated on a tract of land 
known as Wardenclyffe. The 
station was to be but one of a 
series of components making 
up Tesla’s “World System” of 
broadcasting. In addition to 


the distribution of news, 
music and humanity services 
provided by today’s 
communications media, the 
inventor promised a number 
of startling benefits, it was to 
establish a universal system of 
telephone, telegraph and 
stock ticker services; a 
precision clock system 
whereby all the world’s 
timepieces would be 
accurately synchronized from 
a master station; a safe 
system of navigation enabling 
control of direction without 
compasses and an ability to 
determine exact location, 
hour and speed at a moment’s 
notice. Also, it was to provide 
a world system of private 
communications allowing 
personal telephone 
connections between parties, 
regardless of distance, with a 
device small enough to be 
carried in one’s pocket 


The Long Island plant was 
never completed. The cost of 
the project exceeded the 
inventor’s available funds. 
The greater part of Tesla’s 
endeavors were financed by 
private sources. John Jacob 
Astor, J. P. Morgan and 
Thomas Fortune Ryan can be 
cited as the most influential 
of Tesla’s creditors. In 
addition, a demonstration of 
the feasibility of the "World 
System” principle was 
hampered by the complexity 
of a recurring illness. The 
tower remained intact for 
many years. Shrouded in an 
atmosphere of mystery, it 
proved to be but a landmark 
in evidence of the bold 
dreamer who had passed that 
way. The late John J. O’Neill, 
New York Herald-Tribune 
Science Editor, provided a 
description of its demise in 
his biography Prodigal 
Genius, The Life of Nikola 
Tesla. “... Heavy charges of 
dynamite were necessary in 
order to topple it, and even 
then it remained intact on the 
ground like a fallen Martian 
out of Wells' War of the 
Worlds." 

In an objective which no 
other person had then 
dreamed possible, Tesla had 
visualized, and nearly created, 
broadcasting some twenty 
years preceding its 
eventuality. “Of course,” 
stated Edwin H. Armstrong, 
radio pioneer and inventor of 
FM, “the instrumentalities 
for practicing broadcasting 
were not then in existence. 
Tesla was classed as a 
visionary and his prophecy 
was forgotten. What harsher 
terms might, with justice, be 
applied to many of us who 
helped produce the 
instrumentalities with which 
broadcasting was eventually 
accomplished! We applied 
them to point-to-point 
communications, failing 
completely to realize the 
significance of Tesla’s 
words. "(10) 

In addition to the major 
goals mentioned herein, Tesla 


made an infinite variety of 
contributions to 
communications that remain 
generally unknown. The most 
striking example is a patent 
describing an invention for 
controlling moving objects by 
radio waves.(ll) With this 
invention, Tesla singularly 
ushered in the age of 
radio-guidance systems. “We 
shall be able ... to send a 
projectile at a much greater 
distance; it will not be limited 
in any way, weight or amount 
of explosive charge; we shall 
be able to submerge it at 
command, to arrest it in its 
flight and call it back, and to 
send it out again and explode 
it at will; and more than this, 
it will never make a miss 
. . .”(12) Spectacular 
demonstrations of his 
radio-controlled device were 
presented in a week-long 
display at Madison Square 
Garden (N.Y.) and again, 
later, in Chicago. But to 
Tesla, this was just the 
beginning. In a gesture true of 
his unlimited imaginative 
powers, he proposed 
radio-controlled robots 
capable of thinking for 
themselves. He coined them 
automatons. "... It will be 
able to follow a course laid 
out or to obey orders given 
far in advance; it will be 
capable of distinguishing 
between what it ought and 
what it ought not to do 
...”(13) Tesla’s utterances 
raised more than the eyebrow 
of the scientific world. 
Resulting protests surpassed 
the discontent of indignation. 
The significance of Tesla’s 
words, however, becomes 
more apparent when we 
consider today's vast industry 
of self-thinking machines as 
well as the huge arsenal of 
radio-guidance missiles poised 
at their stations throughout 
the world. These devices are 
able to perform exactly as 
Tesla had predicted. 

Among his incidental 
contributions to radio 
communications was the 
Tesla “ticker,” a device for 



An external view of Tesla's mysterious experimental labora¬ 
tory at Colorado Springs. Erected in 1899, the inventor 
undertook experiments to alter the electrical charge of the 
Earth. He produced discharges that rivaled nature's lightning 
bolts and revealed the presence of standing waves in the Earth. 
(The Electrical World and Engineer, March 5, 1904) 






An early Tesla coil, the only invention of his many contribu¬ 
tions which still bears his name. Tesla used devices such as 
these to carry out researches with high frequency alternating 
current. His discoveries hastened the development of ac 
induction heating, diathermy, neon and fluorescent lighting, 
x-ray equipment and techniques, and radio guidance systems, 
as well as television and radio communications. (Electrical 
Experimenter, July 1919, by permission of Hugo Gernsback) 


making continuous waves 
audible. This apparatus was a 
vital part of the Paulsen Arc 
stations until the heterodyne 
beat-note system was 
introduced to radio 
engineering. Several forms of 
Tesla’s high-frequency spark 
apparatus were utilized by 
early transmitting stations for 
many years. His radio patents 
advanced the quarter-wave 
principle as well as antennas 
in the form of a loop. And it 
was Tesla who pointed out 
the importance of oil as an 
insulating medium in 
high-voltage equipment and 
who suggested the use of 
insulated stranded wire, later 
called Utzendraht, in 
high-frequency circuits. 

Taking into consideration 
all that has been mentioned 
in the foregoing, why then is 
the name of Nikola Tesla not 
listed among the journals of 
radio engineering history? 
Several explanations are 
possible. For one, Tesla was a 
complex personality. "He was 
a strange figure in the rough- 
and-tumble field of pioneer 
wireless and electricity," 
wrote one who met Tesla. 
“Many considered him a plain 
snob. Some called him a nut 
while others referred to him 
as the ‘genius’ and were 
always making excuses for his 
actions ...”(14) Hampered 
by a grand-gesture personality 
and driven by an extraordi¬ 
nary ingenuity, his talents re¬ 
mained eternally subservient 
to a passionate and inexora¬ 
ble urge for stirring deep wa¬ 
ters. Consequently, his men¬ 
tal capacities continually out- 
raced his physical ability for 
bringing original ideas to a 
real existence. His pattern 
appears to have been to 
discover, and then move 
onwards leaving for others 
the benefits of its commercial 
application. And in his ex¬ 
perimental processes, he was 
forever being diverted from 
the path of his major goals (as 
is evident by the variety of 
his inventive accomplish¬ 
ments) delaying, if not 


preventing, final achievement 
of his original destinations. 

There should be little 
doubt concerning the 
inventor's faculties for 
establishing a communica¬ 
tions system. Its reality, 
however, proved to be too 
great a task, both physically 
and economically, for the 
efforts of an individual. Had 
he been associated with talent 
similar to the likes of a David 
Sarnoff, that energetic 
personality who brought the 
“music box” (radio) into 
every home and who led the 
Radio Corporation of 
America to communications 
history, his objective might 
have been assured. 

Fritz Lowenstein, an 
assistant in his high-voltage 
experiment, and who later 
produced some excellent 
work in radio communica¬ 
tions, if given a chance, might 
have served Tesla to great 
advantage. Lee De Forest, an 
inventor whose contributions 
are well established in the 
glorious history of radio, 
pleaded to be taken in as a 
Tesla assistant. Without 
detracting from their brilliant 
work, it is known that the 
many successes of men such 
as Edison and Marconi 
resulted from their ability to 
attract the assistance of 
highly capable associates. 
Tesla, however, was unable 
by temperament to avail 
himself of this advantage. 
Essentially, he was a “loner" 
who stood aloof and out of 
reach of those with whom he 
mingled. 

On December 12, 1901, 
while Tesla was constructing 
his 300,000 Watt Long Island 
broadcasting station, 
Guglielmo Marconi, with but 
a fraction of that power, 
scooped the scientific world 
by sending three dots from 
Poldhu, England, to Saint 
John's, Newfoundland. The 
scientific society hailed 
Marconi. Even Tesla sent a 
congratulatory note but it 
was quite evident that he had 


been struck a blow by 
Marconi’s feat. A crushing 
defeat to Tesla’s bid for radio 
immortality came about in 
1915 when he battled 
Marconi over the 
fundamental issues upon 
which early radio had become 
established. The courts ruled 
against Tesla, a judgment 
which was to influence 
succeeding litigation as well 
as to provide Marconi the 
means with which to institute 
unmitigated assertions for the 
invention of radio. 

In his book, Marconi, 
Orrin E. Dunlap, Jr., provides 
an interesting comment. "At 
the turn of the century it was 
remarked that it was difficult 
to invent anything basically 
new in radio, and still more 
difficult to invent anything 
which did not have some 


bearing on or had not been 
preceded by an invention of 
Nikola Tesla. In 1891, at 
Columbia University, Tesla 
demonstrated the principle of 
tuning. He obtained patents 
on tuned circuits and claimed 
more than 100 tuning 
inventions. Nevertheless, it is 
called Marconi wireless; not 
Tesla wireless.” 

Be all that as it may, 
Tesla’s part in the evolution 
of communications was not 
to be denied completely. In 
the October sessions of 1942 
and 1943, the Supreme Court 
declared the Marconi 
“four-tuned-circuit ” patent, 
his most vital contribution, 
invalid because of prior 
disclosure by Tesla, Stone 
and Lodge.(15) 

In summation, we find in 



Nikola Tesla a personality 
possessing an experimental 
acuity and prophetic vision 
equaled by no more than a 
handful of colleagues and 
surpassed by none. That he 
contributed to the 
groundwork of radio 
communications is evident 
through an examination of 
his lectures, articles and 
inventions pertaining to the 
subject. Although once htuled 
as "Our Foremost Electrician 
. . . Greater Even Than 
Edison, 1 ’ Tesla's 
accomplishments have since 
faded from the indexes of 
printed m atte r. (1 6) 
Consequently, it is possible - 
though not probable - for an 
engineering student to 
complete a formal education 
without having heard of 
Tesla. 

In an evaluation of the 
inventor’s contributions to 
radio engineering, L. P. 
Wheeler credits Tesla with the 
independent discovery of the 
principle of inductive 


coupling between the driving 
and working circuits, the 
importance of tuning both 
circuits, that is, the idea of an 
oscillation transformer, and 
the employment of the 
capacitance loaded open 
secondary circuit. He 


describes Tesla as “... an 

personality possessing great 
skill in ac techniques and 
great ingenuity in their 
utilization ... his earlier 
accomplishments. .. together 
with the inspiration given to 


many through his public 
lectures, would seem to 
justify a place in the history 
of radio engineering not so 
very far below that due to his 
accomplishments in the field 
of low-frequency alternating 
currents.” (17) ■ 
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Baudot to ASCII 

- - you want to learn 

programming? 


Mark J. Borgerson 
32SN.W. 9th, #3 
Corvallis OR 97330 



Fig. /. Example of generating the effective (final) address to 
the correct ASCII code by adding the input Baudot code with 
the contents of the Index Register. 


One of the most enlightening 
(but little used) methods for 
learning programming tech¬ 
niques is to read someone 
else's programs. Therefore, let 
us suggest you look over this 
article even if you aren’t 
interested in Baudot to ASCII 
conversion. And if the 
symbolic coding in the listing 
seems to be a problem, don’t 
let it be - simply analyze the 
machine language code. — Ed. 


T his program is used to 
convert 5-bit Baudot 
code from a parallel input 
into ASCI I characters and dis¬ 


play those characters. The 
program is written to run in a 
Southwest Technical Pro¬ 
ducts 6800 microcomputer 
with a parallel interface 
located at memory location 
8016 (hexadecimal notation). 
The program uses the output 
subroutine OUTEE, which is 
resident in the system’s 
MIKBUG® operating system. 
Total program length, in¬ 
cluding the lookup table, is 
123]0 bytes. Because of the 
indexed lookup routine used, 
the routine is not suitable for 
permanent storage in ROM. 
The program may be located 
anywhere in memory space if 
the references to location 
LTRLOC and FIGLOC are 
changed to agree with the 
new locations. 

The program operates by 
reading the parallel input port 
(after appropriate initializa¬ 
tion) and looping until bit 7 
goes high, indicating a char¬ 
acter is present in bits 0-4. 
Bits 5-7 are masked out and 
the resultant 5-bit pattern is 
stored in location LOOK- 
UP+1 where it becomes the 
displacement added to the 
index register. The index 
register contains either a 
pointer to the FIGURES or 
the LETTERS lookup table, 
depending upon which of 



Fig. 2. Baudot to ASCII Conversion hardware configuration. 
Notes: CB2 is a handshake control output from the PIA. This 
output is under program control and is used to reset the 
UART after the word is read. Resetting the UART drives the 
DATA READY line tow until the next complete data word is 
available. 
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Table I. Baudot to ASCII Lookup Table. Note: The locations 
corresponding to LTRS and FIGS contain NULLS (00) since 
these functions are taken care of outside the lookup table. The 
location for BELL is also a NULL since my terminal does not 
have this function. 








these control characters was 
last received. The program 
automatically loads the loca¬ 
tion of the FIGURES table 
upon startup. 

After the Baudot character 
has been read and stored, the 
reset subroutine outputs a 
short positive pulse to the 
UART used to convert the 
serial Baudot characters to 
parallel form. This pulse 
clears the UART parallel 
output register and readies it 
for the next word. The reset 
pulse is output via the CB2 
control output of the parallel 
interface. 

When the Baudot char¬ 
acter has been stored as the 
index displacement, the 
appropriate ASCII character 
is fetched from the lookup 
table (using this index) and 
read into accumulator A (see 
Fig. 1). The program then 
outputs the character via the 
OUTEE subroutine to the 
computer control terminal (a 
CT-1024 TVT in my case). 
The program then branches 
back to the input step to wait 
for the next character. 

The program does not 
incorporate an automatic 
“unshift on space or CR,” so 
a missed LTRS command will 
result in a continued string of 
figures. This can be overcome 
by storing the program 
starting location at memory 
locations A006 and A00716- 
These are the non-maskable 
interrupt vector locations. A 
push-button to ground on the 
computer’s NMI line will 
cause the program to restart, 
automatically shifting to the 
LTRS lookup table. ■ 
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00100 

00110 

00120 


0800 

0802 


00200 

00210 

00220 

00230 


00270 

00280 

00290 

00300 

00310 


0807 
0809 
080B 
080E 
0810 
0812 
0815 
0817 
081A 
081C 


081 E 


0800 


CE 083C 

80 27 

81 IB 

26 03 

CE 085C 
81 IF 
26 03 

CE 083C 
A6 00 
BO EIOI 
8D 07 
20 E7 


86 00 


• BAUDOT TO ASCII CONVERSION PROGRAM 

* FOR SWTPC 6800 COMPUTER. 

* ACCEPTS 5-BIT BAUDOT CODE IN PARALLEL FROM 

• UART AND CONVERTS TO ASCII AND DISPLAYS. 


BSR 

CM PA 

BNE 

LDX 

CM PA 

BNE 

LDX 

LDAA 

JSR 


PINIT 

“LTRLOC 

CHAR IN 

=$1B 

NEXT 

=FIGLOC 

=$1F 

LOOKUP 

■LTRLOC 


8.00 

OUTEE 

RESET 

INPUT 


INITIALIZE 
POINTER TO LTRS 
GET CHARACTER 
CHECK FOR "FIGS" 

SET PNTR TO FIGS 
CHECK FOR "LTRS" 
DO TABLE LOOKUP 
SET PNTR TO LTRS 
INDEXED LOOKUP 
OUTPUT CHARACTER 
RESET UART 
START NEXT CHAR. 


* SUBROUTINE PINIT - INITIALIZES INTERFACE 


PINIT LDAA =00 


SET UP 8-BIT INPUT 


00320 0820 

00330 0823 

00340 0825 

00350 0828 

00360 082A 

00370 082D 

00380 
00390 
00400 
00410 
00420 

00430 082E 

00440 0831 

00450 0833 

00460 0835 

00470 0837 

00480 083A 

00490 083B 

00500 083C 

00510 085C 

00520 
00530 
00540 
00550 

+0001 087C 

1 SYMBOL TABLE 

CHAR IN 082E 

INPUT 0805 

NEXT 080E 

PIADRB L 8016 


B7 8016 
86 3C 
B7 8017 
86 34 

B7 8017 
39 


STAA PIADRB 
RESET LDAA =$3C 

STAA PIACRB 
LDAA =$34 
STAA PIACRB 
RTS 


SET CB2 HIGH 
SET CB2 LOW 


SUBROUTINE CHARIN WAITS FOR CHARACTER 
‘ TO APPEAR AT INPUT. CHARACTER IS READY WHEN 
BIT 7 OF INPUT GOES HIGH. 


B6 8016 
85 50 

27 F9 
84 IF 
B7 0816 


E1D1 

8016 

8017 


CHARIN LDAA 
BIT A 
BEQ 
ANDA 
STAA 
RTS 

EXIT RTS 

LTRLOC RMB 
FIGLOC RMB 
OUTEE EQU 

PIADRB EQU 
PIACRB EQU 
• END PROGRAM. 

END 


PIADRB 

=80 

CHARIN 
=$1 F 

LOOKUP+1 


SE1D1 

$8016 

$8017 


LOAD FROM UART 
TEST BIT 7 SET? 

NO, LOAD AGAIN 
REDUCE TO 5 BITS 
STORE AS IDX DISP. 
RETURN TO 
RETURN TO PGM 


EXIT 083B 
LOOKUP 0815 
OUTEE E1D1 
PINIT 081E 


FIGLOC 085C 
LTRLOC 083C 
PIACRB L 8017 
RESET 0823 


FATAL ERRORS = 0 WARNING MESSAGES = 0 


Table 2. Program. Notes on Assembler code: "=" before operand indicates immediate mode; 
"f" indicates hexadecimal number; default is decimal; "<£ " before number indicates indexed 
addressing mode. 
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Baudot and BASIC 


- - an interpreter for a Baudot computer 


I n previous articles of this 
series, we have attempted 
to demonstrate that Baudot 
teletype equipment can per¬ 
form the input/output func¬ 
tion in a hobby computer 
system. In the first article, a 
simple and inexpensive inter¬ 
face to bring a Baudot Model 
19 on-line with an Intel 
8080-based computer was 
described. The second article 
concerned the use of Baudot 
paper tape equipment for 
storage of data. In the third 
article, a system program 
called the Baudot Monitor/ 
Editor (BM/E, for short) was 
presented. BM/E made it 
possible to enter, modify, and 
execute machine language 


programs via the Baudot 
printer/keyboard. Through¬ 
out, we have tried to keep 
hardware requirements to a 
minimum and thus encourage 
readers to get their old 
Baudot equipment up and 
running. As a further induce¬ 
ment along this line, we now 
present a high level language 
software system for use with 
Baudot equipment, but 
before we get the cart before 
the horse, perhaps we should 
back up and discuss com¬ 
puters and high level 
languages in general terms. 

What is a High Level 
Language? 

Computers are sometimes 



John Arnold W5CUD. 


referred to as “thinking 
machines.” In actual fact, the 
"thinking” is done by a 
human long before the com¬ 
puter is put to work. The 
computer merely performs a 
logical sequence of well- 
defined operations that are 
predetermined to achieve the 
desired results. On the lowest 
level, these operations consist 
simply of the computer’s 
machine language instruction 
set. Working at this level 
requires an understanding of 
binary arithmetic, data 
encoding, I/O handling, 
memory allocation, and a 
number of other machine- 
related concepts. For those 
who do not have this 


specialized knowledge, or 
who simply want to avoid the 
intricacies of working at the 
machine level, a different 
approach is needed. Over the 
years, many efforts have been 
made to develop machine 
language programs to help 
humans achieve better 
working compatibility with 
computers. We might think of 
these programs as providing a 
computer/human interface. 
In most such software 
systems, decimal arithmetic is 
implemented to avoid the 
difficulties associated with 
machine level binary. In addi¬ 
tion, ordinary words and 
alphabetic symbolism are 
adopted for use in directing 
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:LST 


Byte No. 

1 and 2 

3 

4 through N 
N + 1 


Binary value of label; most significant part in 1 
Length of text plus 2 in binary 
Text of line 
CR (015 octal) 


Fig. I. A program line as stored by TBX. 


the computer’s operation. 
This relieves the need for 
using the machine’s purely 
numerical instruction code. 
The authors of these software 
systems (through their choice 
of the words and symbolisms) 
created what is referred to as 
a high level language. 

Many different languages 
of this type have been 
developed to meet the needs 
of different potential users. 
FORTRAN, with its mathe¬ 
matical orientation, has 
become the principal 
language for scientists and 
engineers. Another high level 
language, COBOL, has 
achieved stature in the 
business world because of its 
good file management capa¬ 
bilities. Still another language 
which has gained wide use is 
BASIC. As the name implies, 
BASIC was intended for 
people just getting started in 
computers. Its simple and 
convenient operational 
features make it a natural 
"learner’s language." It would 
take pages to recount all of 
the high level languages that 
are in use — or have faded 
from the scene. But it’s 
important to note that the 
existence of these software 
systems has done much to 
further the wide acceptance 
and use of computers. 

Why Learn a High Level Lan¬ 
guage? 

Although there are per¬ 
haps dozens of good reasons 
for learning a high level lan¬ 
guage, most derive from this 
one fact: High level languages 
are people-oriented, while 
low level languages are 
machine-oriented. People are 
far better able to utilize the 
capabilities of the computer 
if they are not burdened by 
the details of machine level 


operation. In addition, high 
level languages are not 
machine-dependent, as are 
low level languages. For 
instance, suppose you learn 
BASIC on a Data General 
Nova and then wish to use 
another machine like the 
Altair 8800. No problem. 
BASIC is fairly well stan¬ 
dardized from machine to 
machine. Of course, on the 
machine level, the Nova and 
Altair are vastly different. 
But on your side of the soft¬ 
ware interface, both systems 
appear the same. Learning a 
high level language like 
BASIC will greatly extend the 
usefulness of your computer, 
and at the same time broaden 
your future capabilities! 

What is a BASIC Program? 

Humans perform tasks 
very often without clearly 
recognizing the steps in¬ 
volved. Computers, on the 
other hand, cannot perform 
even the simplest task with¬ 
out having the steps precisely 
set out beforehand. It is this 
fundamental weakness of 
present-day computers that 
make them need us! We call 
this step description process 
"programming.” Contrary to 
what you might think, pro¬ 
gramming in a high level lan¬ 
guage does not require a 
massive learning effort on 
your part. A reasonably com¬ 
petent sixth grader will have 
already acquired the knowl¬ 
edge required to understand 
what a computer does. The 
problem simply reduces to 
learning how to make the 
computer do it! This is where 
BASIC comes in. BASIC con¬ 
sists simply of a group of 
commands or instructions 
that you arrange in a particu¬ 
lar order to perform the re¬ 
quired task. To become a 


00010 PR"## NUMBER GUESSING GAME##" 

00020 PRSPR 
00030 LET A:RN 
00035 LET C:0 

00040 PR'T HAVE A NUMBE R. TRY TO GUESS IT." 

00050 PR"HERE WE GO ... BY THE WAY THE NUMBER" 
00060 PR"IS BETWEEN 1 AND 10000." 

00070 LET C:C&1$PR"YOUR GUESS";$IN B 
00080 IF B : A GOTO 150 

00090 IF B ) A PR$PR"TOO LARGE. TRY AGAIN."SGOTO 70 
00100 IF B ( A PRSPR'TOO SMALL. TRY AGAIN."$GOTO 70 
00150 PR'THAT IS IT. YOU TOOK ";C;" TRIES."$PR 
00160 PR"NEW GAME"$GOTO 20 

Fig. 2. Listing of TBX number guess game. 


good programmer, you must 
think through a task a step at 
a time, recognizing at each 
which BASIC command 
should be used to accomplish 
it. If you are unaccustomed 
to this type of problem¬ 
solving, you may find it diffi¬ 
cult at first. However, as time 
goes on, you will no doubt 
find this careful point-by- 
point analysis of a given task 
a very satisfactory approach 
to problem-solving, both on 
and off the computer. 

Where To Get the Basics of 
BASIC 

People have written entire 
books describing the BASIC 
language. It would hardly be 
possible to adequately reduce 
such volumes to one or two 
paragraphs. The best we can 
do here is to list the names of 
some books that will provide 
detailed discussion. Table 1 
includes a list of recom¬ 
mended books and their 
possible sources. For the real 
greenhorn, we highly recom¬ 
mend the small book entitled, 
My Computer Likes Me When 
I Speak BASIC. From this 
you can gradually work up to 
some of the more comprehen¬ 
sive books. 

In addition to a book, you 
will need a BASIC operating 
system for your computer. 
That’s where TINY BASIC 
EXTENDED comes in! 

The TINY BASIC Project 

In mid-1975, a project was 
started in the pages of 
People's Computer Company 
(PCC) Magazine to foster the 
creation of a small BASIC 
software system for hobby 


computers. The term “TINY 
BASIC” was coined for the 
system. The project cul¬ 
minated in the creation of a 
new software journal pro¬ 
fusely entitled, Dr. Dobb’s 
Journal of Computer Calis¬ 
thenics & Orthodontia. Credit 
is due here to Bob Albrecht 
and others on his staff for 
encouraging the development 
of TINY BASIC and pro¬ 
viding for its availability to 
hobbyists. We wrote the first 
version of TINY BASIC, and 
a complete description of the 
ASCII version appears in 
Volume 1, Numbers 1 and 2, 
of Dr. Dobb's Journal. 
Because our version had some 
features not included in the 
original design, we termed it 
TINY BASIC EXTENDED, 
or TBX for short. A Baudot 
version of TBX was also 
developed, and its description 


1 . My Computer Likes 
Me When / Speak 
BASIC, Bob Albrecht, 

1972, $2.00.*.** 

2. BASIC, Bob 
Albrecht and others, 

1973, $3.95.*>** 

3 . BASIC Program¬ 
ming, Kemeny and 
Kurtz, 1971, $6.95.** 

4. BASIC BASIC, 
James S. Coan, 1970, 
$3.95.** 

Sources: 

*73 Magazine, Peter¬ 
borough NH 03458. 
**PCC, PO Box 310, 
Menlo Park CA 94025. 

Table 1. Books about 
BASIC. 





: RUN 


pH NUMBER GUESSING GAME ## 

I HAVE A NUMBER. TRY TO GUESS IT. 

HERE WE GO ... BY THE WAY THE NUMBER 
IS BETWEEN 1 AND 10000. 

YOUR GUESS? 5000 
TOO LARGE. TRY AGAIN. 

YOUR GUESS ? 2500 
TOO LARGE. TRY AGAIN. 

YOUR GUESS? 1250 
TOO SMALL. TRY AGAIN. 

YOUR GUESS? 2000 
TOO LARGE. TRY AGAIN. 

YOUR GUESS ? 1600 
TOO LARGE. TRY AGAIN. 

YOUR GUESS? 1400 
TOO SMALL. TRY AGAIN. 

YOUR GUESS ? 1500 
TOO SMALL. TRY AGAIN. 

YOUR GUESS? 1550 
TOO LARGE. TRY AGAIN. 

YOUR GUESS? 1525 
TOO SMALL. TRY AGAIN. 

YOUR GUESS? 1535 
TOO SMALL TRY AGAIN. 

YOUR GUESS? 1545 THAT IS IT. YOU TOOK 11 TRIES. 


Standard BASIC TBX 

LET LET 

PRINT PR 

GOTO GOTO 

GOSUB GOSUB 

RETURN RET 

IF IF 

INPUT IN 

DIM(DIMENSION) DIM 

FOR.NEXT FOR.NXT 

NEW NEW 

LIST LST 


RUN RUN 

SIZE SZE 


LET A:B&C 
PR"ANSWER", A;B 
GOTO 100 
GOTO A/B 
GOSUB 5000 

IF A (:B GOTO 100 
IN A.B.C 

DIM AtIO), B(IO.C) 

FOR 1:1 TOB 
A = I 
NXT I 

CLEARS PROGRAM AREA 
LISTS PROGRAM AREA 
LST ALL OF PROGRAM 
LST 100 Line 100 only 
LST 100,200 Line 100 
Thru 200 

Begins execution of 

PR°WTS SIZE OF PROGRAM 
AND MEMORY REMAINING 


Variables restricted to one letter of alphabet. 

Table 2. TBX instruction set. 


NEW GAME 

I HAVE A NUMBER. TRY TO GUESS IT. 

HERE WE GO ... BY THE WAY THE NUMBER 
IS BETWEEN 1 AND 10000. 

YOUR GUESS? 

Fig. 3. Execution of number guess game. 


follows in the remaining sec¬ 
tions of this article. 

A General Description 

TBX is a small BASIC 
interpreter for use on an Intel 
8080-based hobbyist system. 
It occupies the lower 3.2K of 
memory, so that one 4K 
memory board provides 
enough room for TBX and a 
BASIC program. The BASIC 
program is stored by line 
number in source form, i.e., 
the BASIC text is stored 
directly in Baudot. When the 
program executes, TBX scans 
the lines in numeric order and 
interprets the Baudot code. 
By “interpret," we simply 
mean that the computer 
determines which instruction 


is represented by the stored 
Baudot character string and 
then proceeds to carry it out. 
Fig. 1 shows how a line of 
TBX is stored. Further dis¬ 
cussion of how TBX works 
can be found in Volume 1, 
Numbers 1 and 2, of Dr. 
Dobb’s Journal. 

Table 2 summarizes the 
instruction set available with 
TBX. An example is given 
with each, to help you see 
how the instruction is used. If 
a TBX instruction follows a 
line number, it will be 
entered into memory for later 
execution as part of the 
overall program. An instruc¬ 
tion entered without a line 
number is executed directly. 
You may want to use this 


direct mode to become 
familiar with the TBX in¬ 
struction set. Note that all 
arithmetic is integer and 
modulo 2l5 ( which means 
numbers cannot exceed 
±32,767. This may seem like 
a limitation, but you will be 
surprised at the tremendous 
variety of programs that can 
be written within the frame¬ 
work of integer arithmetic. 

TBX - The Baudot Version 
The use of Baudot poses a 
few problems which must be 
overcome before a system 
like TBX can be imple¬ 
mented. As we mentioned in 
an earlier article, the Baudot 
machine uses a mechanical 
flip flop to change case. This 
means that the Baudot code 
for upper and lower case 
characters is the same; the 
physical position of the 
typing basket determines 
which will be printed. This 
mode of operation is unsatis¬ 
factory for high level lan¬ 


guage application, because it 
would lead to a code 
ambiguity within the com¬ 
puter. To overcome this diffi¬ 
culty, it is necessary to use an 
additional bit to indicate the 
case of the teletype. This 
produces the so-called 6 level 
Baudot code. Our May, 1976, 
article included a table of this 
code. The computer is given 
the task of keeping up with 
the case and seeing that the 
proper code is set internally. 
The TBX user merely enters 
the characters on the key¬ 
board using the FGS and 
LTR keys as required. The 
computer does the rest! 

Another problem arises 
because of the limited char¬ 
acter set available in Baudot. 
A standard Baudot keyboard 
does not include the impor¬ 
tant symbols like 
and among others. Some 
allowance has to be made for 
this if TBX is to be useful for 
calculation purposes. Table 3 
shows the equivalences 
accepted by TBX for the 
missing symbols. Where there 
is a possibility of ambiguity, 
the computer understands 
which symbol is meant by 
content. 

TBX — An Operational 
Description 

In line oriented language 
like ' BASIC, programs are 
stored as a collection of num- 


Conventional Symbol 
= (Equal) 

< (Less Than) 

> (Greater Than) 

+ (Plus) 

* (Asterisk: Multiplication) 

(Minus Sign — Subtraction and Negation) 
/ (Slash Sign — Division) 

S (Dollar Sign - Strings) 


TBX 

: (Colon) 

( (Open Parenthesis) 

) (Closed Parenthesis) 

& (Ampersand) 

# (Pound) 

Same 

Same 

S (Same - Line Statement Separator) 


i7< 


Table 3. Baudot symbol equivalences. 





bered lines and then executed 
in numerical order. One of 
the great features of BASIC 
(and TBX, too) is the conven¬ 
ient method of line entry and 
editing. A line is entered by 
simply typing the line num¬ 
ber followed by the line text 
and a Carriage Return (CR). 
The line is placed numerically 
in the proper position with 
lines already in memory. You 
can enter lines in any order, 
but they will always be 
stored, and later executed, 
consecutively by line number. 
If a line is entered with the 
same line number as one 
already in memory, the pre¬ 
vious line is deleted before 
the new line is stored. To 
delete a line entirely, you 
enter the line number, fol¬ 
lowed immediately by a CR. 
In writing programs, line 
numbers are generally chosen 
in increments of 5 or 10 so 
that later additional lines can 
be inserted as necessary. 

In TBX, a colon is used as 
a system prompt. This helps 
keep you posted on the status 
of the system. To use the 
direct mode, simply enter the 
instruction immediately 
following the prompt. NEW, 
LST, SZE, and RUN instruc¬ 
tions are generally used in the 
direct mode, rather than as 
part of a program. If a num¬ 
ber is entered after the 
prompt, TBX assumes you 
want to enter or delete a line 
from storage — no execution 
takes place, as in direct mode. 

One of the features of a 
high level language like TBX 
is that it is able to detect 
programming errors and take 


action to prevent the system 
from destroying itself. To 
assist in debugging, TBX will 
print an error message. The 
message takes the following 
form: 

ERR A B 

A is the error code (see Table 
4) and B is the line number at 
which the error occurred. If B 
is 0000, the error occurred 
during a direct mode instruc¬ 
tion. 


How To Obtain TBX 

Because of the length of 
TBX code, an octal listing in 
this article is not feasible. A 
complete octal listing with 
instructions can be obtained 
for $5.00. Both a cassette and 
Baudot paper tape are avail¬ 
able for $15.00 postpaid. 
Please specify Suding 
cassette, Kansas Gty Stan¬ 
dard cassette, or Baudot 
paper tape (binary encoded). 
Address all inquiries or orders 
to: TBX Tape - Baudot 
Version, 305 Qemson Dr., 
Tyler TX 75701. 


Sample Program 

To help you get started, 
we have included the listing 
of a program written in TBX. 
A few lines of execution 
follow the listing. Studying 
this program will help you get 
started in BASIC program¬ 
ming. 

Just think about it! Who 
would ever suppose that an 
old Model 19 could speak 
BASIC? Well, it can, and so 
can yours! ■ 


1 Input line too long — exceeds 72 characters 

2 Numeric overflow on input 

3 Illegal character detected during execution 

4 No ending quotation mark in PR literal 

5 Arithmetic expression too complex 

6 Illegal arithmetic expression 

7 Label does not exist 

8 Division by zero not permitted 

9 Subroutine nestling too deep 

10 RET executed with no prior GOSUB 

11 Illegal variable 

12 Unrecognizable statement or command 

13 Error in use of parenthesis 

14 Memory depletion 



Table 4. Error codes. 









J. H. Everhart WA3VXH 
88 Knollwood Dr. 
Lancaster PA J760J 


but the “bugs" have to be 
worked out. My intent in 
writing is to fiii the informa¬ 
tion gap and my work may 
help others in using PLL 
decoders, primarily over radio 
transmission links as used by 
radio amateurs. 


Toward a More Perfect 
Touchtone Decoder 

- - Ma’s system can be made 
to work well 


Tone Decoder Block 

The basic PLL tone 
decoder building block is 
shown in Fig. 1(a). I won’t 
give any detail about its inner 
workings or component 
values, since this information 
is well covered in several 
places. 4 ’ 5 ’ 6 The references 
also provide slightly differing 
circuitry, but the basic func¬ 
tion remains the same. From 
now on, this decoder block 
will be shown as in Fig. 1 (b). 
Basically, all the block does is 
provide a specific response 
to a predetermined range of 
frequencies. The 567 has an 
open-collector output which 
switches from a high resis¬ 
tance to ground to a low 
resistance state when the 


B ell labs really started 
something with their 
DTMF (Dual Tone Multi- 
Frequency) dialing sys¬ 
tem. 1 ' 2 ’ 3 Developed for easy 
rapid dialing and bearing the 
fancy name “Touchtone”* it 
rapidly outgrew its original 
purpose as developed for the 
Bell System. Touchtone sig¬ 
naling is widely used now 
anywhere a voice-frequency 
communications link is avail¬ 
able. It offers a rapid, inex¬ 
pensive means of sending 
non-vocal information using 
small inexpensive encoding 
devices (Touchtone pads) and 


•AT&T Trademark. 


Fig. 1(a). Schematic diagram. 



requiring relatively simple, 
cheap decoders. Commercial 
uses include bank account 
status reporting, computer 
input/output, remote control 
and selective calling on radio 
systems. And, as any FMer 
knows, Touchtone signaling is 
widely used by radio ama¬ 
teurs for repeater control 
functions, selective calling 
and autopatches. 

Touchtone usage by hams 
saw only limited usage so 
long as the only decoders 
available were surplus (?) Ma 
Bell or expensive commercial 
types. Signetics then simpli¬ 
fied the whole matter when 
they introduced their 567 
phase locked loop (PLL) tone 
decoder 1C. Using the 567 
makes building a tone sig¬ 
naling system very easy. Of 



Fig. 1(b). Tone decoder block. 


course, the semiconductor 
industry recognizes a winner 
very quickly, so now the 567 
type chip is available from 
National Semiconductor, 
Exar, and others, as well as 
from Signetics. This competi¬ 
tion has decreased prices 
drastically, so that now you 
can find these chips available 
through 73 Magazine adver¬ 
tisers for as little as $1.50 
apiece. 

Now that all that introduc¬ 
tory stuff is over, let me tell 
you what this article is about. 
In the course of working with 
PLL ICs to make practical 
Touchtone decoders, I’ve 
found some useful methods 
and suggestions. I don’t mean 
to deride the semiconductor 
industry’s applications staffs, 
but their general overall treat¬ 
ment of applications data is 
too general to be fully work¬ 
able. It’s very frustrating to 
find that applications info 
stops just short of giving me 
enough detail to make a fully 
working circuit. The first trial 
usually works after a fashion, 


proper tone is applied to its 
input. Thus when the tone 
appears, current will flow 
through the load resistor Rl 
shown in Fig. 1 (a). 

In order to successfully 
decode a Touchtone signal, 
more than one such decoder 
block is needed. Each indi¬ 
vidual Touchtone symbol is 
transmitted as a pair of tones 
as shown in Fig. 2; for 
example, the digit “1" con¬ 
sists of a 697 Hz tone and 
one at 1209 Hz sent simultan¬ 
eously. As you can see, these 
tones are arranged in two 
sets. The sets are called the 
high group (1209, 1336, 
1477 and 1633 Hz)** and the 
low group (697, 770, 852 and 
941 Hz). Each symbol or 
digit is sent with one high 
group and one low group 
tone. Thus a complete Touch- 
tone decoder must have at 
least seven decoder blocks to 


•‘The fourth high group tone 
(1633 Hz! is shown for complete¬ 
ness, but not widely used by hams 
since 12 button pads don't gen- 
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Fig. 2. Frequency pairs for Touchtone symbols. Two tones are 


transmitted simultaneously. 
1209 Hz, etc. 



detect the presence of any of 
the legitimate tones (see Fig. 
3). The block indicated as 
LOGIC contains digital gates 
to convert the 2-out-of-seven 
decoder outputs to 0-9, #and 
* outputs (references 5 and 
6). 

Band-Splitting 

The simple Touchtone 
decoders commonly used 
feed audio directly from the 
communications link (radio 
receiver, telephone line, etc.) 
to the inputs of the decoder 
blocks as shown in Fig. 3. If 
system audio level can be 
controlled, and if too many 
extraneous signals aren’t 
present, this scheme works 
well. However, on a typical 
radio link (and especially on 
an amateur repeater) these 
conditions don’t exist. First, 
there is usually an imbalance 
in tone levels between the 
high and low groups called 
"twist.” Bell System com¬ 
patible Touchtone pads 
emphasize high group tones 
to allow for attenuation of 
the higher frequency tones in 
telephone lines. Additional 
imbalance (twist) often 
occurs due to the imbalance 
of audio tailoring between 
transmitters and receivers, 
particularly in FM systems. 
Also, recovered audio varies 
depending on the amount of 
audio transmitted via the 
link. Secondly, on any link, 
and particularly amateur re¬ 
peaters, a wide variety of 
squeals, whistles, grunts, 
clicks and other barnyard 
noises occurs frequently. 

With these uncontrolled 
inputs, the Touchtone 


example, digit 1 is 697 and 


decoder can misbehave, 
causing "falsing,” which can 
be either an output without 
any valid input signal, or 
non-recognition of a valid 
signal in the presence of un¬ 
wanted noise. As described in 
the Signetics application liter¬ 
ature, the PLL detection 
bandwidth varies as a func¬ 
tion of signal amplitude 
applied to the chip. Thus, at 
low levels, a signal only 
slightly off frequency in one 
tone channel might be recog¬ 
nized, whereas at high levels, 
a tone well off the mark 
might cause a false response. 

Obviously, some means of 
level control is needed to get 
around this problem. One 
commonly used method is a 
limiter Oust like in an FM 
receiver). This is a fine idea, 
except that a limiter alone 
won’t do the job for two 
reasons. First, a limiter 
exhibits "capture effect.” 
This just means that if two 
signals of unequal amplitude 
are fed to a limiter, the 
stronger one predominates, 
further suppressing the 
weaker signal. This would 
make any “twist” even worse 
than it was without the 
limiter. Secondly, limiters, 
because they are nonlinear, 
generate spurious mixes and 
harmonics that could gen¬ 
erate extra frequencies which 
can foul up decoder opera¬ 
tion. The solution is easy - 
use two limiters, one for the 
high group and another for 
the low group. And to keep 
out spurious crud, feed each 
limiter with only those fre¬ 
quencies present within its 
respective group, as in Fig. 4. 
The bandpass filters make up 
what is called a band-splitting 
filter. Each passes only those 
frequencies required by the 
individual decoder group, so 
the problems of emphasizing 
"twist” and generating un¬ 
wanted slop are circum¬ 
vented. 


Fig. 3. Simplest 12 button pad Touchtone decoder. 

Practical Band-Splitter 

Fig. 5 shows the schematic 
diagram of an easy-to-dupli- 
cate band-splitting filter. 2tSZr 

Each half of the filter consists 
of two cascaded bandpass 
active filters (they act like LC Auoio 
tuned circuits) which are stag- M,,UT 
gertuned, so that they pass 
one frequency group, while 
rejecting the other group. The 
bandpass sections are so- amur 

called multiple feedback 
active filters whose Q and 
center frequencies were 
empirically derived (fudged 
to fit). Anyone so inclined range component types, 
can design another filter, Tune-up is relatively 
probably better, using the simple. It is best done by first 
techniques outlined in separating the four individual 
Chapter 8 of reference 7 and bandpass sections by opening 
Chapter 5 of reference 8. The the A-B and D-E connections, 
filter circuit is simple and Connect an ac voltmeter to 
cheap to build, since all four A, and apply dc power. The 
operational amplifiers used meter should read 0 volts ac. 
are contained on one chip in Now connect a source of 697 
the Motorola MC3401 or Hz sine wave audio to the 
National LM3900 integrated input line and set the input 
circuits. The limiters which level to about .1 volts rms. 
follow the band-splitters are Adjust R3 for resonance as 
very simple, consisting of a indicated by maximum 
pair of back-to-back ger- deflection of the ac volt- 
manium diodes for each meter. (Although the sche- 
section. All in all, this may be matic shows a potentiometer 
pretty crude, but it works here, I selected a fixed re¬ 
well. Construction of the sistor of proper value and 
filter is non-critical since it soldered it in place — pots 
operates at audio frequencies, cost too much.) Now connect 
Several of them have been the meter to point C and a 
constructed using both 941 Hz signal to B. Adjust R8 
vectorboard and PC board for maximum meter reading, 
construction with no layout The low group filter is now 
or parts placement difficulties tuned, so reconnect A to B. 
encountered. For room Repeat the same procedure 
temperature operation, all for the high group filter, 
frequency determining com- observing the high group con- 
ponents are non-critical, but nection points. High group 
refer to a later section for tune-up frequencies are 1209 
suggested extended temp and 1633 Hz. 



Fig. 4. Using bandpass filters to accomplish band-splitting. 
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Fig. 7. Decoder delay circuit. Dl, D2 - 1N914 or 
Ql, Q2 — MPS 5172 or other NPN silicon with § over 150. 


summarized the content of 
each article. You can pick 
and choose the information 
desired to tailor your own 
system to individual needs. A 
more complete schematic dia¬ 
gram is not given here 
because I doubt that anyone 
would duplicate my system 
exactly. 

Miscellaneous 

Now for a few more tips. 
First of all, let’s look at 
temperature stability. The 
Signetics data sheet shows 
very well how stable the 567 
is with temperature, but out¬ 
side the lab, the resistors and 
capacitors used to tune the 
chip can seriously degrade the 
stability of the 1C. Sensitive 
parts are indicated as fre¬ 
quency-determining com¬ 
ponents in Figs. 1(a) and 5. 
Those used in the delay block 
of Fig. 7 are not at all critical. 
If the decoder is intended 
solely for room temperature 
use, ordinary carbon compo¬ 
sition resistors and mylar 
capacitors are fine for critical 
components. For extended 
temp range operation, more 
stable parts will be needed to 
prevent degradation of the 
decoder’s performance. Re¬ 
sistors should be of the pre¬ 
cision film type. A good com¬ 
promise between price and 
performance is the use of 
semi-precision Corning RL-07 
or IRC Metal GlazeTM re¬ 
sistors. For tuning capacitors 
outside the range of 32 to 
122° F, mylar capacitors are 
a poor choice. Better choices 
are capacitors with polysty¬ 
rene or polycarbonate dielec¬ 
trics. An excellent choice of 
oolycarbonate capacitors is 
the Siemens B32540 series 
available from Newark Elec- 


1N4148. 
150. 

tronics in Chicago. They are 
ideal for printed circuit 
boards — they are small, rela¬ 
tively inexpensive and very 
temperature stable. I’ve used 
them from minus 65° F to 
plus 200° F with a total 
capacitance drift of less than 
two percent! 

Finally, a word or two 
about tuning the individual 
567 decoder blocks. Neither 
the application notes nor the 
data sheet give any clues as to 
the proper method. I once 
saw directions for adjustment 
in a decoder instruction book 
that said to apply signal and 
adjust the pot first in the 
clockwise direction until the 
output goes low, then adjust 
in the counterclockwise 
direction until it goes low. 
The builder was to note both 
potentiometer settings and 
set the pot midway between 
them. Great! The only thing 
they neglected to say was 
that the two settings were 
about 5° apart. You would 
need a microscope and a 
surgeon's steady hand to set 
the blasted thing that way. 


I’ve had the most success 
with tuning the vco by adjust¬ 
ment of its internal free- 
running frequency. One way 
to (Jo this is shown in Fig. 
9(a). Jhe frequency counter 
rea|i Jhe frequency of the 
vco jn$|de the 567. Simply 
adjust R2 for the frequency 
you want the decoder to 
respond to. If you don't 
happen to have a frequency 
counter, but you do have an 
oscilloscope and a signal 
source (such as a Touchtone 
pad), use the setup of Fig. 
9(b). The oscilloscope is used 
to display a Lissajous figure. 
First set the signal source to 
the desired frequency, then 
adjust R2 on the decoder for 
a stable 1:1 Lissajous pattern 
(examples of Lissajous figures 
can be found in the ARRL 
Radio Amateur Handbook). 
In this setup the figure will 
not be a circle because the 
signal at pin 5 of the 567 is 
not a sine wave. A 1:1 
pattern is easily achievable 
though, strange as it may 
appear. For either measure¬ 
ment method two precau¬ 
tions will ensure correct 
adjustment. Just be sure that 
(a) the input (pin 3) is 
grounded through a .1 uF or 
higher capacitor — stray sig¬ 
nals on an ungrounded input 
will cause measurement error; 
and (b) the counter or oscil¬ 
loscope must have a 1 
megohm or higher input 
impedance, or circuit loading 



Fig. 8. improved decoder including band-splitter and delay 
elements. 


will affect the 567’s fre¬ 
quency setting. 

Conclusion 

The PLL tone decoder ICs 
can be used to make a very 
good Touchtone decoder. 
The band-splitters and 
limiters described herein help 
clean up signals fed to them 
and the delay sections clean 
up their outputs. Simple 
adjustment techniques can be 
used to accurately set the 
decoders precisely on fre¬ 
quency. The circuits and 
methods given provide guide¬ 
lines for setting up a practical 
working system. They have 
all been tested and duplicated 
to ensure their accuracy and 
repeatability. Use them and 
you’ll avoid having to repeat 
my trials and errors. Good 
luck! ■ 
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New York, 1975. Entire book 
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ng references have 


W8GRG, "Sequen- 
or Touch-Tone Re- 
1,” Ham Radio, 
ages 22-29. Digit 


function FM Repeater Decoder, 
Ham Radio, January, 1973, pages 
24-32. Comprehensive Touchtone 
decoder and repeater controller 
article. Includes LC tuned band- 
splitter and sophisticated digital 

' 1 J. F. Connors W6AYZ, "FM 
Touch-Tone Decoder," Ham 
Radio, December 1974, pages 
37-41. LC Touchtone decoder 

and control logic. 

12 C. Hoffman W1ELU, "Non- 
Falsing Tone Decoder," 73 Maga- 



Fig. 9(a). Tuning setup with frequency counter. 



Fig. 9(b). Alternate setup using known signal 
























































Fig. 5, Wiring diagram of 
broadcaster with whip 
antenna. 


good neighbor, and stay legal. 

The simplest method of 
increasing the broadcaster's 
range is to add a length of 
wire to its short antenna. Fig. 
4 shows a portion of an 8 
foot length of #22 hookup 
wire connected to a broad¬ 
caster with an RCA-type 
phono plug and jack. The 
wire is thumbtacked to the 
wall and across the ceiling. 
With this installation in my 
basement shack, the amateur 
rig can be heard clearly (on 


the little AM portable shown 
in the picture) throughout 
the upstairs of my ranch 
house. There are, of course, a 
few "dead spots” in the 
house where furnace ducts, 
house wiring, etc., interfere 
with reception. Adding any 
length of wire to the broad¬ 
caster’s antenna will load the 
oscillator and change its oper¬ 
ating frequency slightly, and 
you will have to move the 
frequency back to wherever 
you want to receive it on 
your AM radio. Also, as 
would be expected, the AM 
radio tuning is fairly broad 
when it is close to the broad¬ 
caster, but becomes quite 
sharp as the radio is moved 
further away. 

A better method for 
increasing the broadcaster’s 
range, that gives more precise 



Fig. 6. Broadcaster (with cover removed) connected to 
antenna coil and whip antenna. 



Fig. 7. Finished broadcaster assembly in minibox. 


control of the range and a 
neater installation, is to add a 
telescoping whip antenna to 
the broadcaster antenna, 
matching it with a slug-tuned 
ferrite loop antenna coil. 
These coils are sold as a re¬ 
placement part for fixing 
portable radios; the one listed 
in the parts list should be 
widely available. Fig. 5 is the 
wiring diagram, and Fig. 6 
shows the components wired 
together and mounted on a 
scrap of plywood for the 
initial try at this circuit. 

Note that Fig. 5 shows a 
phantom capacitor connected 
between terminals 1 and 2 of 
the coil to resonate it to 
frequency. The notes on the 
coil package call for a 
100-250 pF variable. How¬ 
ever, I found that the broad¬ 
caster has better range and is 
easier to tune without a 
capacitor. 

Tuning is accomplished by 
alternately varying the whip 
height and adjusting the coil 
slug for maximum signal 
strength at the desired range. 
This is best done in a series of 
steps, starting near the broad¬ 
caster, and progressively 
working out to maximum 
range. Again, these adjust¬ 
ments will slightly detune the 
transmitting frequency, and 
you’ll have to either retune 
the portable radio, or tweak 
the broadcaster’s oscillator to 
the desired frequency. 

The whole assembly can 


be packaged in a small mini¬ 
box for a neater appearance, 
as shown in Figs. 7 and 8. 
The box shown is plastic, and 
measures 614” by 314” by 2”. 
It is larger than needed but 
was conveniently available. 
As shown in the close-up, the 
broadcaster was mounted 
with 2" screws and standoffs 
through the top of the box. 
The bottom of the broad¬ 
caster faces outward, for easy 
battery replacement. A 
bracket for mounting is pro¬ 
vided with the coil, which 
should be mounted near one 
end of the box so that the 
slug adjustment screw can 
protrude through a hole 
drilled in that end. 

This version of the broad¬ 
caster also provides “arm 
chair copy" of amateur band 
signals in my living room and 
throughout the house. 

Other non-ham uses of the 
broadcaster suggest them¬ 
selves: monitoring TV sound 
from another room (you’ll 
always know when the com¬ 
mercial is ending and it’s time 
to get back to the set), broad¬ 
casting music from your hi-fi 
to the garage while working 
on your car, and so forth. ■ 

Parts List 

Wireless broadcaster - see text. 
Telescoping whip antenna - any 
broadcast radio or TV replace¬ 
ment type. 

Ferrite loop antenna coil - 
Calectro part no. D1-842. 

Mini utility box - Radio Shack 
part no. 270-627. 



Fig. 8. Completed broadcaster with whip antenna in use. 
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C harles Apgar didn’t look man, precise in speech and was to bring him a letter that 

much like a James Bond dress, he lived with his wife would soon cast him in the 

type of spy as he worked in and two small children in this ("ole of a “super sleuth’’ for 

the den of his Westfield, New quiet suburban town. Intrigue his government. 

Jersey home that June had never played a part in his If you had glanced around 

morning of 1915. A slight life. But the mail that day his den-workshop, you would 


The Quiet Spy 


amateur uncovers spy ring in U.S. 





have seen the results of a 
remarkably inventive mind. 
Ever since that windswept 
day in January, 1903, when 
Guglielmo Marconi sent the 
first wireless message from 
Cape Cod across the Atlantic 
to King Edward in England, 
Apgar had been interested in 
the new art of wireless. By 
1910 he was patterning his 
experiments along the lines of 
work being done by Marconi 
and DeForest. 

On one side of the room 
was a complete receiving and 
sending station with wires 
radiating out into the yard 
and up to the treetops. 
Against another wall sat his 
latest invention, just per¬ 
fected after two years of 
work. It was a device for 
transferring messages sent 
through the air onto wax 
cylinders, which could be 
played back on a Edison 
phonograph. No one had ever 
done this before, and the 
experts had said no one ever 
could, but that statement was 
only a challenge to Apgar and 
it had spurred him along to 
the completion of his project. 

The momentous letter that 
arrived that day was from 
Lawrence J. Krumm, Chief 
Radio Inspector, Department 
of Commerce of the Port of 
New York, and read: 

"My dear Mr. Apgar: Will 
you be kind enough to call 
me up Monday morning from 
your place of business? I am 
very desirous of getting in 
touch with you immediately, 
as I believe you can be of 
considerable service in a good 
cause.” 

You may imagine Apgar’s 
thoughts as he read, and re¬ 
read, the letter. In what way 
could he be of "considerable 
ervice in a good cause,” he 
wondered. He decided it 
urely must have something 
o do with Krumm’s visit to 
is home several evenings 
efore. Knowing the Chief 
Inspector’s interest in radio, 
Apgar had invited him to 
ome and see his completed 
ecording device demon- 
trated. It had been a pleasant 


mt 


PHONOGRAPHIC RECORDS OF SAYVILLE i 
WIRELESS MESSAGES LED TO TAKING ; 
OVER OF GERMAN PLANT BY UNCLE SAM 



evening, with Krumm more 
than enthusiastic about the 
invention. 

Next morning Apgar called 
the Chief Inspector’s office 
from the Franklin Auto¬ 
mobile Company in New 
York where he was 
employed, and agreed to 
come right over. Once there, 
it was suggested that they 
leave immediately for an 
interview with William J. 
Flynn, Chief of the United 
States Secret Service. Now 
Apgar was indeed mystified, 
as this service was the FBI of 
those days, and he could not 
think of any way he would be 
involved with it. 

On the way, Krumm 
explained why he had written 
to him. As both men were 
aware, two powerful trans¬ 
atlantic stations had been 
constructed by the Germans 
in this country, one at 
Sayville, Long Island, the 
other at Tuckerton, New 
Jersey. Although World War I 
flamed in Europe, the United 
States was still neutral, so 
these stations had been 
granted temporary licenses 
for sending commercial 
messages to be received by 
POZ Nauen, Germany. 

Krumm went on to tell 
him how the supposedly 
innocent messages were 
suspected of conveying word 
to German submarines and 
cruisers based in the Atlantic. 
Accusations were flying fast; 
Washington was deluged with 
complaints from the English 
and French ambassadors. Too 
often allied ships were sunk 
by submarines obviously well 
informed as to the ships’ 
sailing dates and sea lanes. 
The problem was to prove 
this. But so far the Navy 
monitoring stations at Fire 
Island, New York Harbor and 
at Arlington, Virginia had 
been able to find no 
differences between what was 
filed with them and what was 

Now Flynn, as head of the 
Secret Service, was ordered to 
find out what was “going 


on.” His knowledge of wire¬ 
less being slight (as was that 
of most people in 1915), he 
had called on Chief Inspector 
Krumm to see if he had any 
suggestions to improve 
monitoring done by the Navy 
censors. By chance (and how 
often great happenings 
depend on such a twist of 
fate), his call on Krumm was 
the next day after the 
Inspector had been at the 
Apgar home. Of course the 
recording device was 
described and Flynn had 
asked for an interview with 
Apgar as soon as possible. So 
the letter was sent. 

The meeting with 
Inspector Flynn was brief. He 
knew that Krumm had told 
Apgar of the problem, so he 
came at once to the point. 
Would he be willing to 
transcribe on his recording 
machine all messages sent out 
by the Sayville station over a 
period of two to three weeks? 
As they only transmitted at 


night, it would mean a long, 
tiresome process for Apgar, 
but there was no one else in 
the country who could 
perform this service. 

Apgar didn’t hesitate to 
accept the commission. This 
was a field in which he was at 
home and he looked forward 
to applying his invention to 
the “good cause” he finally 
understood. Besides, as he 
recorded later, he thought it 
would be a pleasure to “aid in 
taking the say out of Say¬ 
ville.” 

He wasted no time in 
assuming his role as a spy for 
his government. The inter¬ 
view at the Secret Service 
office was at eleven in the 
morning and he began work 
the same evening. According 
to his private papers, he first 
scoured the city for blank 
cylinders. That meant some 
“tall hustling.” Hurrying back 
to Westfield, he set up two 
Edison phonograph machines 
in his home. In that way he 




could switch the receiver 
from one machine to the 
other without missing a dot 
or dash of the transmission. 
Promptly on the night of 
June 7, and into the morning 
of June 8, he recorded on 
cylinders the messages sent 
out by WSL Sayville. Early 
the next day he transcribed 
them and personally delivered 
them to the Secret Service 
office to be turned over to 
the Navy Department 
for comparison with the ones 
filed and received by the 
monitors. 

This went on for fourteen 
consecutive nights, starting at 
eleven and often running as 
late as three or four in the 
morning. Chief Flynn had not 
exaggerated. It was a long 
vigil. By June 21, he had 
filled 175 cylinders and tran¬ 
scribed 25,000 words. He 
confessed in a radio interview 
with WJZ New York in 
December 1934 that he did 
become quite tired and lost 
considerable weight during 
that time, but he was buoyed 
by the excitement and the 
results. 


The messages monitored 
and those taken on the 
cylinders showed definite 
discrepancies. It might be a 
word repeated or numbered 
messages not in sequence - 
variations that conveyed a 
special word to the receiving 
station in Germany. The 
cylinders, with their slower 
and faithful reproductions, 
picked up what the Navy 
monitors had not been able 
to do. Chief Flynn turned all 
recordings over to Secretary 
McAdoo of the Treasury 
Department, where their 
contents by specific statute 
became inviolate. However, 
Apgar, in this same interview 
with WJZ, gave some 
examples of the original 
messages and the information 
they really gave. 

“Send always invoice 
before shipping knives.” 
signified instructions to POZ 
Nauen to be relayed back to 
German submarines in the 
Atlantic. 

“Is our office running as 
usual with Sampler alive and 
attending? Please wire.” was 
giving information on dates 


and routes of Allied ships 
leaving the ports of New 
York and Philadelphia. 

These recorded messages 
proved that the station had 
indeed been violating the 


neutrality of the United 
States. As a result, both 
Sayville and Tuckerton were 
taken over by our Navy 
Department: Sayville on July 
8, 1915 and Tuckerton 

shortly afterward. 

At first the seizure of 
Sayville was spoken of in the 
press as a precautionary 
measure, according to an 
article in the Wireless Age of 
September 1915, but ten 
days later New Yorkers were 
surprised to read in the World 
that Sayville had been closed 
after investigation by the 
Secret Service, and that the 
phonograph recordings made 
by Charles E. Apgar of West- 
field, New Jersey had 


established the true nature of 
the messages sent by the 
German station. 

The press described his 
work for the Navy De¬ 
partment as “the most 


valuable ever rendered by a 
radio operator to his 
country.” Apgar was pleased 
by this citation, and others, 
but he also spoke of a state¬ 
ment made in an interview by 
Dr. Karl Frank, the dis¬ 
gruntled manager of the WSL 
Sayville. After the closing of 
his station, the manager said, 
“That Mr. Apgar can record 
messages on a phonograph 
cylinder is hardly worth 
discussing. That is physically 
impossible. I have never heard 
of its being done." 

We suspect that Apgar, the 
experimenter and inventor, 
was as well honored by this 
“citation” as by any he re¬ 
ceived. ■ 


MORE RANGE ... 
with NO NOISE 



ESTES ENGINEERING CO. 

930 MARINE DR., PORT ANGELES, WASH. 98362 


Local Amateur Wireless Station BeganWork Which Made 
It Invaluable to Government, Twenty Years Ago Today 









190 






MClidetone” is used in 
^Jamateur circles to de¬ 
note a tone from a CW keying 
monitor. But the term comes, 
of course, from the telephone 
industry, where a certain 
amount of the voice energy 
feed into the microphone 
unit of a telephone handset is 
deliberately coupled to the 
receiver unit in the headset so 
a person can barely hear him¬ 
self talk. It was determined 
that transmission efficiency 
was improved by this scheme 
and a person using a tele¬ 
phone tended to maintain a 
steadier, more level talking 
level — especially in a slightly 
noisy environment. The 
method must have some 
value, since, besides in the 
telephone system, one will 
find audio sidetone employed 
in various commercial radio 
transceivers, military trans¬ 
ceivers and aircraft communi¬ 
cations transceivers. This is in 
spite of the fact that these 
transceivers also employ 
various advanced forms of 


The Benefits 
of 

Sidetone Monitoring 

- - and how to do it 


speech processing designed to 
keep the average modulation 
level as high as possible. 

Amateurs might also con¬ 
sider the value of using audio 
sidetone in both mobile and 
fixed station installation. The 
use of such sidetone is mainly 
possible where a handset is 
used or a microphone/headset 
combination is employed. 
Otherwise, there is the possi¬ 
bility of audio feedback 
taking place unless a good 
directional microphone is 


used while the audio sidetone 
is monitored via a loud¬ 
speaker. 

Simple Methods 

A few simple methods for 
making the necessary audio 
sidetone interconnection in a 
station setup are as follows: 

1. If a separate transmitter 
and receiver are used, one can 



make an interconnection 
between the microphone 
amplifier stage in the trans¬ 
mitter and the audio pre¬ 
amplifier stage in the receiver. 
This should be done after the 
volume control in the receiver 
and utilizing a separate poten¬ 
tiometer to control the level 
from the microphone ampli¬ 
fier output in the transceiver. 
Fig. 1 shows the basic idea. 
The audio stages in the 
receiver must remain acti¬ 
vated during transmit periods 
for this scheme to work or 
the receiver transmit/receive 
function suitably rewired to 
accomplish this. A relay is 
used to break the audio side- 
tone circuit when in the 
receive mode, since feedback 
can easily result if the high 
receiver loudspeaker output 
level in the receive mode gets 
back into the microphone 


to utilize a scheme similar to 
the above between the 
receiver and transmitter 
portions of the transceiver. 
Some transceivers utilize 
complicated switching 
schemes for transmit/receive 
functions and the dual use of 
the low level audio stages 
both in the transmit function 
(as microphone amplifiers) 
and in the receive mode (as 
preamplifier after the product 
detector stage). In most trans¬ 
ceivers, however, these func¬ 
tions are kept separate and 
one can switch the receiver 
section audio amplifier stages, 
via a relay, to pick up the 
output of one of the micro¬ 
phone preamplifier stages on 
transmit. A separate poten¬ 
tiometer should be used to 
control the level being fed 
into the receiver section 
audio amplifier stages and 


Fig. 1. Typical audio sidetone interconnection between circuit. 
separate transmitter and receiver or sections of a tube-type 

transceiver. The only added components are Cl, R7, R2, and 2. If a transceiver is used, it 
RY1. may or may not be possible 


this potentiometer serves as 
the audio sidetone level 
adjustment. 

3. The simplest scheme to 
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Fig. 2. Use of an inexpensive PA module amplifier provides 
audio sidetone with a minimum of circuit modifications. 


achieve audio sidetone moni¬ 
toring is via a separate small 
amplifier which is used 
between the microphone and 
the station loudspeaker or 
headset and is energized only 
during transmit periods. Any 
one of the number of simple 
amplifiers can be used, such 
as the solid state PA amplifier 
modules available from 
Lafayette Radio or Radio 
Shack for about three dollars. 
Although called “PA” 
modules, these modules will 
not exactly create enough un¬ 
distorted volume to disturb 
the household. However, they 
are very suitable for audio 
sidetone purposes since they 
have a high impedance input 
which can be bridged across 
any microphone output with¬ 
out greatly affecting it, and 
their low impedance output 
can be used to drive either a 
loudspeaker or a low impe¬ 
dance headset connected 
across a receiver’s output. At 
the low levels needed for 
audio sidetone monitoring, 


their distortion is very low. 
They require 6 volts for oper¬ 
ation, and this can be 
obtained in tube-type trans¬ 
ceivers by a simple half wave 
rectifier and filter across the 
filament line. Fig. 2 shows a 
typical arrangement. For 
mobile transceivers they can 
be powered via a dropping 
resistor directly from the 
battery line. 

The secret to obtaining 
maximum benefit from audio 
sidetone monitoring is in the 
adjustment of the sidetone 
level. You have to trick your¬ 
self, the same as the tele¬ 
phone company people do! 
Pick up your telephone and 
listen for the audio sidetone 
level as you speak to another 
party. It has been carefully 
chosen, as you will be 
inclined to “speak up” con¬ 
sistently rather than whisper 
into the handset. If the side- 
tone level were too loud, you 
would be inclined to speak 
more softly. If it is too com¬ 
fortable to hear, you would 


be inclined to become 
intrigued with the reproduc¬ 
tion of your voice, but not 
necessarily inclined to main¬ 
tain a steady voice level. The 
sidetone level has been 
deliberately chosen so you 
can just hear it, and this is the 
adjustment to make for moni¬ 
toring the audio sidetone 
level in a station. After a 
while, you will become 
unaware of the sidetone level, 
but you will try to speak at a 
consistent output level that 
allows you to detect the 
presence of the sidetone. 


Audio sidetone monitoring 
is a relatively simple 
accessory to add to any 
station. The simplicity of the 
idea has probably been 
obscured by the usage of so 
many other speech processing 
devices such as audio com¬ 
pressors and clippers. How¬ 
ever, if one can add only 1 or 
2 dB more effective trans¬ 
mission efficiency to a station 
by audio sidetone monitoring 
and completely without any 
added distortion of the 
modulated signal, the idea 
seems worthy of a try. ■ 
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Amateur radio is a rewarding hobby; one dividend is a 
wider window on the world, and another is technical expertise, 
but I think that most important is the friends we make. Some 
we keep, but the currents of life eddy and some drift away - 
until a page in a logbook or a card in a file brings them back 
and we are caught in a net of memories. Recently / came 
across a memento that sent the years spinning — a phony 
British pound note. 












P aolo never told me his 
last name, and I forgot 
his call many years ago. It 
wouldn't do to mention it 
even if I could remember, not 
without knowing first how he 
arranged his life after the war. 
I’m satisfied that he isn't one 
of the few dozen licensed 
Libyan 5As; perhaps he 
finally went home to Italy, 
and one day he might see this 
magazine. I'd like to hear 
from him. 

1943 opened on a note of 
optimism following the 
victories at Stalingrad and El 
Alamein, and the Eighth 
Army was pushing hard 


against the rear guard of the 
Afrika Korps. Steady pressure 
was essential to deny 
Rommel any opportunity to 
pause and exploit the 
defenses of Tunisia’s Mareth 
Line. Montgomery required 
thousands of tons of supplies 
daily, and Tripoli was the 
new forward depot. Heroic 
work by underwater demoli¬ 
tion and salvage crews had 
opened a gap through a 
blockade of seven ships the 
Germans had filled with con¬ 
crete, booby-trapped and 
sunk in the narrow harbor 
entrance, and now the port 
was congested with laden 
freighters. 


Along the Spanish Mole, 
on the seaward side, jetties 
were being worked around 
the clock, but the cargo hand¬ 
ling facilities were limited and 
soon after sunset every 
evening the Luftwaffe arrived 
from Sicily. In the center of 
the harbor, in close company 
with wrecked Axis shipping 
and other Liberties newly 
arrived from Alexandria and 
Port Said, the Edward Everett 
was anchored awaiting space 
at the jetty. Our readiness to 
discharge the cargo of 
Crusader tanks packing the 
holds was unmatched, and 
every bomb that fell nearby 
added to our zealous im¬ 


patience. So did the photo 
plane which checked the 
situation every afternoon and 
sped back to Sicily with 
tattletale negatives and our 
hearty wishes for a crash at 
sea. 

Between us and the jetties 
along the mole where even¬ 
tually we would unload our 
tanks, and about three 
hundred yards away, lay the 
Empire Voyager, down to the 
marks with thousands of tons 
of bombs and ammunition. 
Near her swung a tanker filled 
with aviation gas urgently 
needed in Malta, two hundred 
miles to the north. We paid 
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homage to their courage with 
compassionate respect, and 
wished they weren't there. 

Toward the west, where 
the root of the mole curved 
and joined the low profile of 
the city, were anchored more 
freighters and a destroyer. A 
minesweeper that kept us 
company on the trip from 
Alex, H.M.S.A.S. Treen, lay 
to the south between us and 
the city seawall. Next to it, 
and closest of the Allied 
vessels, a small coaster swung 
on one hook. Closer still, in 
fancy camouflage and 
obviously badly battered, the 
Italian motorship Agostino 
Bertani held our speculative 
gaze with her Latin grace. 
Displaying her raked funnel, 
low superstructure and seduc¬ 
tive sheer in the midst of our 
motley flotilla, she looked 
like a badly used Maserati 
surrounded by old family 
Fords. A pelagic queen. 
Through the glasses we could 
see blast damage, twisted 
steel and scorched paint, but 
she was riding evenly and to 
the casual glance looked 
ready to depart for Genoa, 
her port of registry. The 
embarkation gangway was 
stowed, but a rope ladder 
hung from the stern, 
probably because of the 
barrage balloon floating from 


a cable secured on the fantail. 
In legal jargon the Bertani 
constituted an “attractive 
nuisance," for seamen are 
traditionally fond of visiting 
anything floating nearby. 
Besides, we were positive 
Italian vessels were fitted 
with enormous wine lockers. 
We had to find a way to go 
aboard. 

Following the nightly 
raids, the British army would 
send a launch around the 
harbor, stopping at each 
anchored ship to pick up any 
wounded, and a friendly 
corporal thought of a way a 
skiff could be managed. 
There was no sign he thought 
it curious that anyone would 
want to go punting among 
the debris and oil slicks float¬ 
ing around us, and his only 
comment was, "Mind you 
don’t bump into something 
wicked." This referred to a 
report that the bombers were 
dropping a new harbor 
torpedo which knew better 
than to miss a target and then 
continue to pointless self- 
destruction on the beach. 
Failing to bag a ship 
promptly, it would run mad 
circles just under the surface 
until the fuel was exhausted, 
then a ballast tank filled and 
it would float tail down, 
barely submerged, and wait 


for the unwary. So we would 
row very carefully. 

The next afternoon the 
engine department cadet and 
I climbed the rope ladder to 
the fantail of the Bertani and 
made our way along the main 
deck and up to the bridge. 
The damage was worse than 
we had guessed, but the 
R.A.F. had pounded the 
harbor before the fall of 
Tripoli and now the Germans 
were taking their turn, so it 
was a miracle the ship was 
still afloat. Debris blown back 
and forth by dozens of raids 
obstructed passageways, and 
everywhere were bent shards 
of steel plate and twisted and 
severed stanchions. Fire had 
gutted the chart room, wheel- 
house and radio room, and 
one deck below a bomb had 
exploded immediately after 
penetrating the midship deck¬ 
house. The blast had torn 
everything apart just aft of 
the stack and down through 
the engine room, but a fast 
fuse had spared the hull. The 
foredeck and afterdeck were 
holed but strong; if the 
Bertani survived the current 
series of raids she would 
probably end up as an oil 
barge. She had been a hand¬ 
some ship, and the visit was 
depressing. 

Returning aft to leave, we 
remembered the putative 
wine stores and found several 
undamaged storerooms at the 
bottom of a companionway 
from the main deck. It was 
getting late, but we opened 
one more door, and there 
they were. Five or six large 
wine casks in a heavy timber 
rack along a thwartship bulk¬ 
head, and they were empty. 
The number is dim in my 
memory, but I recall clearly 
that they were a light-colored 
wood, which surprised me, 
and there was a small table in 
front of them. On the table 
lay a neatly folded pair of 
German army trousers, and 
beside them a half-empty tin 
of English cigarettes. We eyed 
these with speculation, and 
the drained casks with regret. 
“Time we got back," I said, 
and we left. 


Later, as we were sitting in 
the saloon and conscien¬ 
tiously testing what was left 
of a case of Scotch retrieved 
earlier from longshoremen 
who had pinched it from 
army stores taken aboard at 
Port Said, the captain 
returned from a meeting 
ashore with the depressing 
news that we couldn’t go 
alongside and discharge for 
another day or two. "Never 
mind the days,” the messman 
said, "it's the nights that give 
me fits.” Captain Miller just 
nodded and muttered his 
favorite expletive, "Got 
them!” A stocky Finn who 
looked like a nice Hermann 
Goering with muscles instead 
of fat, he spoke infrequently 
and with a thick accent that 
left us mystified about the 
ethnic roots of his name. 
"Got them!” sufficed for 
most occasions that called for 
comment, and began or 
ended the sentences 
demanded by special circum¬ 
stances. We were amused by 
the phrase until events certi¬ 
fied it as eminently apposite. 
The crew respected him, and 
to me Miller was the ideal 
skipper: professionally 
expert, totally unflappable, 
reserved but approachable. 
His silent kindliness and 
courage were importantly 
supportive, and I was to 
regret I lacked the wit to find 
a way to tell him so. 

With the news that our 
idle status would continue, 
my thoughts turned to some¬ 
thing I had noticed in a 
corner of the Bertani' s 
shattered radio room. It 
appeared to be the remains of 
an FuG 16, the 38 to 43 MHz 
wireless used in German 
fighter aircraft. Wary explora¬ 
tion of riddled Messer- 
schmitts abandoned on Castel 
Benito airfield just outside 
the city had turned up 
nothing worth carrying away. 
Shards of canopy Perspex for 
shaping into bug paddles, and 
still in use today, but no FuG 
16 for conversion to ten 
meters. Also, I wondered who 
was living on a bombed-out 
freighter anchored at target 
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center. 

Promptly at seven-thirty 
that evening, while cargo was 
being worked under a few 
lights on the jetty, the alarm 
went. Within minutes the 
dark edge of the city re¬ 
flected the cracking white 
flashes of antiaircraft 
batteries along the break¬ 
water, the thunderous red 
blooms planted by sticks of 
bombs, and then, in the dark 
heart of the harbor, a bal¬ 
looning ball of yellow flame 
from a tiny coaster hit 
squarely amidships. Suddenly 
the raid was over, the convul¬ 
sive thud and crash of explo¬ 
sives sucked instantly into a 
stunning silence. Slowly hear¬ 
ing recovered, and a familiar 
hissing rose from the water as 
spent shrapnel fell back from 
the sky, now and then 
rattling on our steel. After 
another minute there was 
only the distant sound of 
burning, and from the dark 
anchored shapes faint hails as 
the medical launch called for 
wounded. As they came 
alongside, we were saddened 
to learn that the matey crew 
of an antiaircraft battery had 
been wiped out, a singularly 
cheery and nerveless mob of 
Londoners who had found 
entertainment in teaching us 
cockney slang. They had 
called themselves “The Top- 
hatters” and were perversely 
amused to hear that their 
painted insignia was identical 
to that displayed by a Staffel 
of 109s the Luftwaffe sent to 
Spain in 1937. Now they 
were gone. In the city, apart¬ 
ment buildings had been hit 
as usual, and the coaster 
between us and the Bertani 
was still smoking and low in 
the water. Preparing for a 
visit to the Bertani’s radio 
shack in the morning, I put 
together a thief's kit of side- 
cutters, screwdrivers and 
small wrenches. 

The next day began chilly 
and clear, with a cloudless 
blue sky and a steady breeze. 
In the harbor the chop was 
low. but to seaward the spray 
rose regularly and fell spark¬ 
ling on the breakwater. 
Inshore small puffs of spume 


floated up from the old gray 
seawall fronting the low 
bone-white profile of 
Tripoli’s villas. I was still 
astonished that the Mediter¬ 
ranean could be so cold, even 
in midwinter. North Africa 
had been a surprise from the 
first: windy and raw at Alex, 
and then barren brown hills 
curving from Tobruk down to 
Benghazi. Wondering what 
the Afrika Korps thought of 
their palm tree insignia, I put 
on a heavy wool mackinaw 
and a watch cap, and I 
suppose that’s why I met 
Paolo. 

Before noon, but later 
than I had planned because I 
had listened to the sexy lady 
news announcer from Radio 
Sofia and her report, rather 
premature as it turned out, of 
a conclusive Bestrafung of 
Tripoli harbor, I was again 
aboard the Bertani, alone this 
time, with a bag of tools and, 
just in case, a bottle from our 
store of liberated Scotch. 
Everything looked the same 
as before, but somehow there 
was a subtle difference. Three 
hundred feet in the air the 
balloon weathervaned into a 
cold north wind, and three or 
four miles above it the daily 
photo plane was a tiny speck, 
returning home with nega¬ 
tives showing a small coaster 
still afloat but down by the 
stern and perhaps a crater 
where our cockney friends 
had nightly stood watch to 
protect us. 

The battered box lying on 
the deck in the radio room 
was indeed an FuG 16, but it 
was in bad shape. Neither of 
the two bandswitches would 
budge, and a look at the back 
showed why they wouldn’t. 
Apparently the deadlight 
blown from the porthole 
opposite had struck the rear 
panel and crushed the insides. 
No hope. Some earlier 
scrounger had better luck, 
judging from the vacant 
mounting brackets and empty 
spares lockers. Stubs of 
severed copper tubing pro¬ 
truded from the antenna 
lead-in bowl insulators, but a 
half dozen Pyrex standoffs 
had been left on one bulk¬ 


head. I was unscrewing one of 
these when I got a message 
that I wasn't alone and 
turned around. 

In the doorway a young 
man of medium height was 
smiling at me. Dark curly 
hair, khaki sweater and pants. 
At first I assumed his motives 
were mine: curiosity and 
larceny. “Hi,” I said, “some¬ 
body didn’t leave us much.’’ 
For a moment he just looked 
at my coat. Still smiling he 
said, "Buon giorno.” Oh dear, 
I thought, The Enemy. 
“Buon giorno,” I replied. 
“You speak English?" He 
shook his head. Why hadn’t I 
studied my Italian phrase 
book? Only one sentence 
came to mind, and after a 
thoughtful pause I said, “Un 
biglietto per Milano, per 
favore.” A ticket to Milan, 
please. He laughed and put 
out his hand. Amenity estab¬ 
lished, I removed my coat 
and from the game pocket 
carefully drew out the bottle 
of Scotch, wondering how 
many of Mussolini's finest 
were tucked away in the 
Bertani. 

In an effort to communi¬ 
cate, we discovered common 
ground in German and 
Spanish, with Paolo favoring 
one and I the other, and in a 
loony patois we told each 
other who we were, traded 
souvenir recollections of life 


at home, and confided some 
of our hopes for the halcyon 
days of peace we foresaw 
with naive certainty. While 
we talked, I unscrewed the 
standoffs, and Paolo, an 
active ham for years and 
more lately a radio technician 
in the Italian army, applied 
himself expertly to the FuG 
16 and filled my coat pockets 
with parts. Sensing my 
curiosity, he talked about his 
life before the war, pausing 
now and then to find the 
right phrase, silent at times 
for a minute or two when 
memories crowded and 
blocked the flow. 

Paolo’s father, a politically 
active civil servant, ardently 
Fascist, insisted that his son 
postpone his university 
studies and volunteer for ser¬ 
vice in Spain. That was in 
1937, when Paolo was nine¬ 
teen. Training was brief, with 
emphasis on parading, and he 
soon embarked for the 
Spanish Civil War with Gen¬ 
eral Roatta's Black Flame 
Division. Before the year was 
out he was thoroughly dis¬ 
illusioned and when, during 
the Italian attack from Algora 
toward Guadalajara, a bomb 
fragment sent him home for 
recuperation and discharge, 
he thought himself lucky. 
Working again on his own 
equipment instead of military 
signals gear raised his spirits; 
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soon he was fit and bearing 
down hard on electrical engi¬ 
neering texts. He recalled this 
as “the happiest time of my 
life.” It was a short reprieve. 
Putting Franco in power had 
been an easy first step, and 
soon German boots were 
marching through one 
country after another. The 
Italian army told Paolo his 
technical skills were very 
highly regarded and issued 
him a new uniform. He was 
grateful to miss out on 
Mussolini’s glorious calamities 
in Albania and Greece, but 
those defeats guaranteed him 
a ticket to Tripoli. The 
Germans, appalled by the 
Italian fiasco in Greece, 
moved in swiftly, and their 
success drew a gallant but 
sacrificial counterattack by a 
British expeditionary force 
from Egypt, critically drain¬ 
ing an army which had just 
chased the Italians back 
across the Western Desert. To 
exploit this weakness the 
Germans promptly invested 
armor in North Africa, and 
soon the Afrika Korps was 
leading a revitalized Italian 
army toward the Nile. Paolo 
would spend more than a 
year nursing its radios. 

His first assignment was 
months of easy depot duty at 
Tripoli, thanks to the German 
he had learned in Spain, but 
in the summer of 1941 
Rommel pressed hard against 


the British and Paolo was 
posted to the Ariete Armored 
Division and the delights of 
front line maintenance of 
poor radio equipment in 
obsolete M.13 tanks. There 
were about a hundred and 
fifty of these and many of 
them weren’t fitted with 
radios, but this made it all the 
more important that in those 
that had them the radios 
worked. Keeping the mobile 
gear operational in spite of 
the dust, heat, concussion 
and constant vibration was a 
maddening task. 

Paolo’s stories of equip¬ 
ment failure, troubleshooting 
and repair soon brought up 
the subject of ham gear and 
our personal preferences and 
experiences. We argued the 
advantages of our favorite 
antennas and agreed that CW 
was far more satisfying than 
phone. Before long we were 
comparing DX notes, re¬ 
calling more or less accurately 
the best of the miracles 
recorded in our logbooks at 
home, and in cordial compe¬ 
tition modestly attributing 
our feats to luck rather than 
technical prowess. Paolo 
scored heavily when he men¬ 
tioned that his first West 
Coast contact was W7CSF. 
The call has been reissued but 
my good friend Dick Rose 
held it then, and I remem¬ 
bered clearly his announcing 
one evening that he had just 


worked the first Italian he 
had ever heard. Probably I 
responded with rude noises 
indicating disbelief, and I 
could foresee his smile when I 
confirmed the contact with a 
report of this meeting. I 
didn’t tell Paolo Dick had 
never received his QSL. 

Suddenly I realized that 
the sunlight from the port¬ 
hole had moved from the 
deck into the passageway, 
and it was time to leave. 
Paolo had volunteered 
nothing about his present cir¬ 
cumstances, and as I collected 
my tools, I tried without 
success to think of tactful 
questions. We shook hands 
and he asked me if I would 
come back the next day. I 
said I would. Together we 
made our way through the 
battered passage, but Paolo 
wouldn’t come out on the 
open afterdeck, and as I left 
him I asked if he needed 
anything. He shrugged and 
smiled. “I have food,” he 
said. 

There was hardly a ripple 
on the water. As I rowed I 
kept the transom centered on 
a tall palm behind the sea¬ 
wall, where peddlers hawked 
triangular paper packets of 
dates and almonds. The late 
sun on the low white build¬ 
ings made sharp silhouettes of 
the trees — a travel poster 
view of friendly Tripoli. Half¬ 
way back I was pleased to 
retrieve two floating empty 
bottles as a present for my 
corporal friend who had 
asked if we had any on his 
first visit to the Everett. The 
Afrika Korps had charitably 
left behind an impressive 
stock of German hops and 
Hungarian barley at the Oea 
brewery (Oea was the old 
name of Tripoli), but bottles 
were in short supply and 
everyone was on the alert for 
empties. Minutes after I 
boarded the Everett, the gun¬ 
nery officer knocked on my 
door and spotted the empty 
bottles. He hadn't believed 
my report of the empty wine 
casks on the Bertani, but 
something else was on his 
mind. "Churchill sent his 
apologies," he said, “and 


they’ll take our 
tomorrow." 

That night the Luftwaffe 
ignored us and the following 
morning the Crusader engines 
were roaring and backfiring in 
the holds, ready to go as soon 
as they were landed and the 
bridles freed. It was noisy and 
exiting but I left early, allow¬ 
ing for the longer trip from 
the breakwater against a low 
chop in the harbor. The wind 
had shifted and there was a 
suggestive haze in the 
southern sky. Torrents of rain 
and rotten visibility would be 
nice, I thought, rowing 
steadily, my feet pushing 
against a carton packed with 
old copies of "QST," British 
ration "V” cigarettes, a flash¬ 
light and a box of spare 
batteries. In memory of the 
Bertani’s vanished wine stores 
there were two bottles of vile 
Australian sherry. 

Paolo was waiting for me 
in the radio shack, obviously 
pleased to have company 
again. It struck me that he 
was impressively neat and 
clean and his manner rather 
blithe and easy for a lonely 
fugitive, truant from a re¬ 
treating army. In your shoes, 
I thought, I'd be wary and 
glum and look very scrubby. 
Stacking the magazines on 
the deck, I put the flashlight 
and batteries next to them 
and held up one of the 
bottles of wine. "For emer¬ 
gency use only," I said, 
thinking of his Italian palate. 
"Thank you very much," 
Paolo said, dismissing my 
deference with a smile. Open¬ 
ing one of the cigarette packs, 
he took two out, and after we 
lighted them he brought a 
small bundle from a corner of 
the room. Turning back a 
fold of canvas he handed me 
an Italian helmet. Inside was 
a Beretta automatic, and on 
top of it a British pound 
note. "For the emergencies," 
he laughed, and turned the 
note over to show me the 
back was covered with 
Arabic. “German counterfeit. 
Propaganda. It says here that 
the word of England is as 
good as this money, but I am 
very sure that they will both 
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be worth more, pretty soon, 
when this war is over.” 
“Agreed,” I replied, “Unless 
the English try exporting this 
tobacco.” 

I thanked Paolo for his 
gifts, and, after a brief 
explanation of Beretta design, 
disassembly and cleaning, he 
withdrew to silent concentra¬ 
tion on the circuits and adver¬ 
tisements in the magazines. I 
fiddled with the gun for a 
while, but then my curiosity 
overcame qualms about 
prying and I asked him why 
he was waiting out the war in 
the center of a harbor where 
a night without a raid was an 
exception. He kept flipping 
the pages and smiled without 
looking up. The antiaircraft 
fire was so intense, he said, 
that hits on shipping were 
unlikely. The center of the 
target was the best place to 
be and the worst was the 
outside ring, from the jetties 
into the harbor side of the 
city. The latter was believ¬ 
able; during every raid we saw 
bombs bursting among the 
apartment and office build¬ 
ings, and there were piles of 
rubble along the main streets, 
gaps and debris where there 
had been villas and shops, and 
every afternoon at four or 
five o’clock a flow of people 
into the countryside where 
those who couldn’t find 
shelter slept in the fields. But 
the safety of the harbor 
center was relative and poor 
consolation, and Paolo’s reply 
hadn’t answered my question. 
He put down the magazine 
and gravely inspected the 
flashlight. Long minutes of 
silence. Sadness touched his 
face and I regretted my 
curiosity. 

"Spain,” he said, speaking 
very slowly, "was reality, and 
we had been prepared for it 
with lies. Germans fought 
Germans there, and Italians 
fought Italians. It was a bad 
time, and we understood 
nothing. Afterward, in the 
engineering school, I was just 
glad to study and not think 
about politics. Then, in 1940, 
suddenly Italy was in the war. 
Many people, like my father, 
said Mussolini acted to 
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protect us from Hitler 
because France and England 
betrayed us during the 
Austrian Anschluss. They 
told each other that the 
fighting would soon be over, 
that Germany already had all 
of Europe except Italy, and 
that it would be our turn 
next if we didn’t agree to a 
military alliance. Our first 
easy victories here in Africa 
left us foolishly optimistic, 
but before long the English 
pushed us back, things got 
very bad quickly, and defeat 
was close. We were ready to 
give up when the Germans 
arrived in February of ’41, 
here in Tripoli. Now they are 
gone and I think it will soon 
be over.” 

Paolo stood up, stared out 
the porthole for a moment 
and lit another cigarette. “I 
am talking too much.” I said 
nothing. "Rommel was too 
much for the English, but he 
should have been here in the 
beginning. Even before El 


Alamein I knew we would 
have to turn back. Supplies 
weren’t getting through from 
Italy. The sinkings were 
increasing at the same time 
that Montgomery was getting 
more and more through Suez 
from America. Marshal 
Cavallero kept promising that 
fuel for the tanks would 
arrive immediately, but we 
knew he was lying. Less and 
less got through. It was hope¬ 
less." 

During one of Rommel’s 
efforts to stiffen Axis morale 
by mixing Panzer units with 
the Italian regiments, Paolo's 
combination of language and 
technical skills were noted 
and he found himself in a 
liaison assignment untying 
communication knots. Access 
to all Italian and German 
radio nets confirmed his 
feeling that disaster was in¬ 
evitable. 

“After Alamein," he con¬ 
tinued, “I stayed with the 
15th Panzer. There wasn’t 


nearly enough transport for 
the retreat, so I rode with the 
Germans. Otherwise, I would 
have been in the bag and 
spent the rest of the war in a 
stockade in Egypt. I knew if I 
got back to Tripoli my 
friends here would help me.” 

Rommel hardly slowed for 
Tripoli. At Castel Benito, 
Paolo walked away from the 
war. He unbuttoned a shirt 
pocket, drew out a leather 
folder and opened it to show 
me a picture of a very pretty 
dark-haired girl standing with 
him in the Piazza Italia. She 
was wearing a white dress and 
smiling at the sun dial on the 
wall of Tripoli Castle. “I’m 
going to stay here,” Paolo 
said. “We are going to be 
married some day. When I 
came here from Italy I was 
billeted with Antonia’s 
parents, and now they are 
helping me as much as they 
can. An English civil adminis¬ 
tration officer is living in the 
room I had, and he brings 




them extra food for me.” 

“She is very attractive,” I 
said. “I hope everything goes 
well.” I carefully printed my 
name and address on a scrap 
of cardboard and held it out. 
“When you can, write to me 
about the wedding." 

“I promise," he said. 
“Soon now, the planes will be 
bombing Sfax instead of 
Tripoli, and it will be quiet 
here. Then the Germans will 
be defeated in Tunisia and 
the war in Africa will be over. 
It won’t be long,” 

“And then?” I asked. 

“Then the Mediterranean 
will belong to the English 
navy. Italy will surrender, and 
before long,” Paolo smiled, 
“Antonia and I will be living 
on a small farm outside 
Tripoli.” 

“What do you know about 
farming? I thought you grew 
up in a city." 

“I lived in a city, but I 
'grew up in Spain and Africa." 
-He shrugged his shoulders. 
“Anyway, Italians are all 
good farmers. Good builders 
and good farmers.” 

Years later I recalled 
Paolo’s remark as I read of a 
letter Rommel wrote to his 
son, Manfred. Referring to 
the Italians, he said, “Cer¬ 
tainly they are no good at 
war, but one must not judge 
everyone in the world only 
by his qualities as a soldier — 
otherwise we would have no 
civilization.” 

“Goodbye, Paolo," I said. 
"We may leave tomorrow. 
Good luck, and don’t forget 
to write. When we’re on the 
air again we’ll arrange a 
schedule.” 

“Of course! With a farm 
there is plenty of room for 
antennas, you know.” He was 
silent for a minute. “That is 
in the future. Today I am a 
deserter from the Italian 
army in time of war; I am 
engaged to a Jewish girl and 
being fed by an enemy officer 
while I wait for my country 
to surrender. I wonder what 
my father would think. Well, 
this will soon be over. Now, 
goodbye." 

He waited in the shadow 
at the end of the passageway 



umil I waved from the stern 
and climbed down the ladder. 
As I rowed away, I wondered 
why Paolo hadn't found a 
safer place to await the sur¬ 
render he expected in a few 
months (seven, it turned out), 
but I thought I knew. There 
were many Italians still in the 
area, but they were not men 
of military age or inclination. 
They were middle class, 
middle-aged or older, mer¬ 
chants and colonial farmers. 
They weren't on the streets 
much during the week, but 
leaving the Cattedrale di 
Sacro Cuore after Sunday 
morning mass they were sur¬ 
prisingly cheery, friendly, 
quite willing to converse with 
the strangers who had taken 
over their city. With unex¬ 
pected candor, some would 
even defend Mussolini, in¬ 
sisting that he had been 
deceived by his ministers, and 
most agreed that the best 
chance for a happy solution 
lay with Prince Umberto and 
the diplomat Dino Grandi. 
And at some point in every 
conversation the lament 
would be repeated: '‘If only 
Marshal Italo Balbo were still 
alive!” In defeat, their fervent 
nationalism was as important 
as the fat on a hibernating 
bear. We listened to them 
with surprise, and then with 
dismay and a certain un¬ 
easiness. No, I didn’t think 
that Paolo, a deserter, could 
have found much compassion 
in them. Probably they would 
promptly have turned him in 
and with relish sent the bad 
news to his family. 

As I boarded the Everett, 
the last of our Crusaders was 
ashore, and the booms were 
being topped. The hatch 
covers dropping into place 
between the strongbacks 
made a very pleasant noise, 
rather like a gangway lowered 
smartly to the dock in some 
neutral port ablaze with 
nightclubs. The pretty 
balloon I was inflating 
promptly was pricked by a 
news bulletin from the deck 
cadet, and I went into the 
saloon tor coffee and 
sympathy. The messman was 
humming "Sheik of Araby" 


and wiping the tables with 
special flourishes. “My 
prayers have been answered,” 
he said. "One more night on 
the hook and tomorrow back 
to the fleshpots of Egypt!" 
"Well,” I said, “you didn’t 
pray hard enough. The latest 
word is a quick turnaround at 
Alex and back to Sfax with a 
full load of cased gas.” He 
whimpered plaintively and 
lifted a corner of his apron to 
his eyes. “Boo hoo, and I’ll 
never see my dear family 
again.” Bathos was 
acceptable. “My hearfelt 
congratulations,” I said. He 
poured our coffee and we sat 
in silence. I was thinking that 
I stilt wouldn't rant to trade 
places with Paolo. 

When we had pulled out 
and anchored again near the 
Treen, there was an hour of 
winter daylight left. We 
expected a visit from Sicily at 
the regular time, and perhaps 
a little something extra saved 
for us from last night's break 
in the routine. With this in 
mind, I went into the wheel- 
house to experiment with an 
aircraft warning device 
H.M. Signals had installed 
during a shuttle to Beirut for 
the Ministry of Sea Transport 
when the area was being 
harassed by planes from 
Crete. We had heard about 
radar, of course, and observa¬ 
tion of the bedspring 
antennas on battleships and 
cruisers gave us a clue to the 
frequencies, but we couldn’t 
guess the secret of generating 
power pulses adequate to 
provide useful reflections 
from targets at fifty or a 
hundred miles. The mag¬ 
netron was an enigma well- 
guarded. And the Royal Navy 
desperately needed more 
radar, so none was allotted to 
merchant ships; however, a 
British Marconi had come up 
with a jury rig warning 
system. In essence this con¬ 
sisted of a tuned amplifier 
driving an alarm bell noisy 
enough to alert any pilots 
who hadn’t already spotted 
us, fed by two masthead 
microphones separated by an 
acoustical baffle. Theoreti¬ 
cally, shipboard noise was 
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picked up by both mikes and drizzle and I wondered if the 
canceled, leaving only the bad weather people on Sicily were 
news to excite the amplifier, forecasting a low ceiling at 
The passband was narrow and Tripoli, 
tuned, according to the There was no warning. A 
skeptical, to guttural German. Ju88 appeared over the 
The optimistic among us breakwater, framed by the 
assumed the peaking fre- Voyager's masts, cannon and 
quency had something to do machine guns winking orange 
with audio quality common and yellow. Then there were 
to BMW, Daimler-Benz, )umo three more, wingtip to 
and Gnome-Rhone engines, wingtip, and bombs were 
In fact, the only time it went already bursting ashore and in 
off was when the saloon the water as I ran for 
messman climbed atop the shelter, portside and down 
wheelhouse and blew the ladder. At once there was 
patiently into a beer bottle, a furious rattling as bullets 
He was promised that a raked the Everett, along with 
second demonstration would a sharp bang when a 20mm 
ensure his disappearance at shell exploded against the 
sea. concrete facing outside the 

Now it was dark. The sun captain's quarters, missing his 
had set after a brief pink porthole by inches. From the 
illumination of thin webs breakwater around the harbor 
spun high overhead by a slow and on into the city, bomb 
shifting of upper winds. I hits glowed red at neatly 
could sense prayers for cloud spaced intervals, and as the 
cover rising like smoke in the storm of noise died away, fire 
still surface air. Cargo was bloomed from a small vessel 
being worked on a ship on our starboard bow. A 
already secured in the berth quick check indicated we had 
we had left, and bright lights only superficial damage from 
along the mole silhouetted gunfire, and none, of the 
the Empire Voyager, still at bomb explosions in the 
anchor, low in the water and harbor had been close enough 
showing no lights. In the to hurt the hull. Even in the 
southern sky stars glittered, dark it was obvious that we 
but none were visible to the came close to qualifying as 
north; there was a light bullet-riddled. Perforations in 





Tripoli: night raid. 


the deck ventilators were 
back-lighted rubies, and from 
inside the holds the starboard 
side looked like a plane¬ 
tarium, but most of the hits 
were high. Ahead lay a pain¬ 
staking survey of all the 
running gear; it wouldn’t do 
for a nicked winch runner to 
drop a tank down a hatch. 
Luckily, no one had been on 
deck on the wrong side, but a 
visitor from another ship had 
a leg wound from a ricochet 
that entered a passageway, 
and I had steel splinters in 
one knee. The Bertani wasn’t 
visible and I hoped Paolo had 
been below, shining his flash¬ 
light on a magazine. 

After a short coffee 
session in the saloon, the 
messman was clearing away 
the cups and we were alone. 
“Got them!” he said, quoting 
the captain. “The old man 
thinks those brave lads must 
have flown right on the water 
for the last fifty miles. He 
said they probably had orders 
to light a beacon here and 
we'll get it again in a few 
minutes." I agreed. It was the 
first really low level attack 
since our arrival and, in view 
of the drizzle and broken 
ceiling, probably a path¬ 
finder. 

Returning to my room, I 
paused on the boat deck to 


listen. As the wavering beat 
of distant engines rapidly 
grew louder, narrow white 
searchlight beams flicked on, 
one after another, from 
among the fires ashore. This 
time the antiaircraft gunners 
were ready, and suddenly all 
batteries were firing, white 
flashes lighting up the harbor 
crescent from the mole to the 
city. Immediately bombs hit 
a destroyer and a tanker west 
of us, and a plane ablaze went 
into the water just beyond 

! 

I 


the Bertani. Overhead, white 
in the probing searchlights, 
bombers seemed to hang in 
the sky, unconcerned and 
irrelevant to the turmoil 
below. Our 20mm Oerlikons, 
which with a minute's 
warning might have scored 
against the first low attack, 
were useless now, but a sharp 
crack from the three inch gun 
on the bow told us that 
events had exhausted its 
crew’s patience with the 
harbor rule that merchant 
ships were not to fire without 
orders. The battle phone 
circuit forward was dead, 
later found to be shorted by a 
pin through the cable, and 
the Navy gun crew was firing 
as fast as it could reload. 

Burning gasoline and oil 
had spread over perhaps a 
third of the harbor, when 
another flight of bombers 
came over. The crashing, 
thudding and jarring in¬ 
creased in intensity. A ship 
near the breakwater was hit 
bow and stern, and a burning 
plane broke up against a 
salvage vessel near the harbor 
gate. Our clothes were 
whipped by concussion as we 
stared at the Empire Voyager 
— eight thousand tons of ex¬ 
plosives aboard and she was 
on fire. On our other side a 
Liberty, the Sam Parker, 
slowly moved through the 
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smoke between us and the 
Bertaini, headed for the 
harbor gate and open sea. 
Soon other ships, backlighted 
by fires and then hidden by 
smoke, were making their 
way carefully out of the 
harbor. The antiaircraft guns 
stopped firing, gun by gun, 
but explosions continued 
around us and orange tracers 
arced away from the Voyager 
as heat set off ammunition on 
deck. She was aflame from 
stem to stern. 

I had just left the port 
wing of the bridge for my 
room to get a flashlight, with 
some idea of blinking it at 
Paolo, when the Voyager 
exploded. A brilliant orange 
flash lighted the passageway 
and our ship lifted, trembled 
and fell back, rolling to port 
and then righting. The sound 
was something more than 
noise, a tremendous sharp 
thud that made my head hurt 
and left me deaf for a 
moment. Then a mixture of 
sounds — everything that 
could move was clattering, 
knocking against something 
else. After a bit, I ventured 
out on the boatdeck. Debris 
was hissing into the water and 
rattling onto the decks, and 
now and then a heavy piece 
from the Voyager rang on our 
steel. The air was filled with 
muck blown up from the 
bottom of the harbor, but 
soon it cleared and in the 
glow from burning oil I could 
see the Bertani was still 
afloat. Poor Paolo, I thought; 
you could be in a nice safe 
POW camp at Ismailia with a 
view of the canal. 

The rest of the night was 
spent collecting our wits, 
drinking coffee and checking 
for serious damage. Below the 
waterline the hull was whole, 
but the oil burning where the 
Voyager had been showed 
our starboard side to be well 
scarred. The decks were 
littered with iron from the 
sky, and coated with slime 
from the bottom of the 
harbor. Dents showed where 
heavy pieces had struck and 
bounced over the side; the 
gun tubs were badly chewed 
and one lifeboat was holed, 



but all the wounds we found 
were superficial. “Got them!" 
the captain muttered, 
meaning he was mystified by 
our good fortune, and so 

It was nearly dawn when 
orders were brought aboard 
for departure for Port Said, 
and I tried again to raise 
Paolo with the light. I had 
decided that if I saw no blink¬ 
ing reply the possibility that 
Paolo was hurl and needed 
aid would justify confiding in 
the corporal. Minutes passed 
and no luck. The launch 
would be leaving soon. I had 
just about given up when the 
answer came: “OK OK OK 
god luck god luck.” The 
misspelling struck me as 
inspired. 

Hurrying with our last 
bottle of Scotch, I caught the 
corporal at the ladder as he 
was telling the captain that 
one of the Voyager 's boilers 
had flown over the city and 
come to earth in the suburbs, 
and one of her guns had 
dropped onto the salvage ship 
at the harbor gate. "Got 


them!" Miller said, rubbing 
his nose thoughtfully. "Ta,” 
the corporal smiled as he 
took the bottle, “come again 

The wind was picking up 
from the north, sweeping 
away the clouds and fanning 
fires around the harbor, and 
the first gray light revealed 
that the Bertani 's barrage 
balloon had pulled free 
during the night. I thought of 
its passage, a spectral mystery 
in the sky blocking out the 
stars as it sailed noiselessly 
over the Sahara, and then in 
the sunshine a delight to the 
Tuaregs who would turn it 
into tents and a fable. 

In a couple of hours we 
were under way, leaving 
behind us a dispiriting scene. 
The destroyer had been 
beached and lay at a sad angle 
near the seawall; near it spray 
rose now and then, as demo¬ 
lition crews exploded tor¬ 
pedoes or mines; oil slicks 
were still burning on the 
water and streamers of black 
smoke drifted into the city. 
As we moved slowly past the 



Unidentified remains. 

Bertani, her lines again drew wing of the bridge I waved 
our admiration. She was still goodbye, 
riding evenly, but the fore- Soon Tripoli was just a 
mast was canted aft at a new line on the horizon. It could 

angle, a bit rakish but not have been Boston or 

really inappropriate. From a Sydney." 
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The back issues of 73 are a gold mine of interesting 
articles ... just take a look at what’s been covered . .. every 
possible interest. This is the most important library you can 
have for hamming. 

The supply of these back issues is very limited .. . and 
when these are gone, that will be it. Don’t miss out by 
procrastinating. 

Single issues .$1 each (before 1976) 

Ten back issues (your choice) ..... $12 postpaid in US. 

Twenty-five back issues (your choice) $20 postpaid in US. 

Twenty-five back issues (our choice) $10 postpaid in US. 








































































































Since there’s little to get stale in back issues of 73 (our 
magazine is not padded ... like others ,.. with reams of 
activity reports), you'll have a fantastic time reading them. 
Most of the articles are still exciting to read . .. and old 
editorials are even more fun for most of the dire predictions 
by Green have now come to pass. Incentive licensing was every 
bit the debacle he predicted . .. and more. You’ll really get a 
kick out of the back issues. 
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visiting views from around the globe 


Little... 


Neil "Rusty" Rapp WN9VPG of 
Vincennes, Indiana will only start first 
grade this fall. At age four the boy's 


the fifth gi 


is Novice cc 


he's no longer licensed, 

or has another call. A fellow in Wash¬ 

ington now holds N7BBJ. 

Rusty began on the CB bands, after 


a Novice, bought a CB 


Every day records are falling. Divers 


zing handles and callsigns and 


playing records. Jets are crossing the 
Atlantic at supersonic speed. A group 
of Nashua, New Hampshire folks re¬ 
cently set the world's record for 
rocking chair rocking. And out in a 
small midwestern town this summer, a 
five year old boy has earned a Novice 
class amateur radio license. It boggles 


sr Rapp 


becoming a 

13. He used the handle ' 
Shadow." 

At Christmas time 
dusted off a code ki 
and decided to get into ham radio. 
Father and son had been practicing 
for several weeks when they spotted 
an ad in the local paper: The Old Post 
Office Amateur Radio Society was 
offering Novice 


ig 10. 


better score (103) than his father. 
Rusty learned the code in only seven 
weeks and passed his theory exam in 
about half an hour. Already he's 
bored with the Novice bands, and is 
studying hard for his General. 


The first night, Del Rapp left his 
son home, afraid of the age limit. But 
there was a ten year old girl enrolled, 
so the next week it was Rusty's 
chance. Three weeks later, father 
passed the code test, but Rusty failed. 


paper ... but since the boy wrote in 
such big letters, he'd run out of paper 
and couldn't copy enough characters. 
Rusty, according to his mother. 








































Outcome of CB Radio Boom 

The study team developed a 


* question of the more vulnerable organizations in the 
jse of jamming to path of the telecommunications on- 
>rder in riot situa- slaught. Despite the vital function it 
the use of scram- has performed for society for two 


The Persuader 


the loss will disproportionately affect 
USPS revenues. 

A second threat lies in the growth 

which might ultimately be used for a 
large portion of intra and inter¬ 
business messages. With advancements 

for many business purposes, massive 
subsidization might be required to 
maintain national mail service for in¬ 
dividuals. This could result in very 
much steeper postal rates 
(approaching 354 an ounce for First 
class mail in the mid 1980s). the need 
to pick up mail from central drops, or 
else pay for deliveries. 

The USPS can respond with its own 
electronic transmission to move mail 


































The Federation of Eastern Massa¬ 
chusetts Amateur Radio Associations 
has been putting on conventions for 
years now. There have been those 
bigger than this year's version, held at 
the downtown Boston Statler Hilton. 
Most of the biggies had come to the 
now departed New Ocean House in 
Swampscott, but that was before the 
CB explosion. 

Not that the CB influence hurt 
attendance much. A lot of CBers 
see why all those 


folks wi 


el 19 to 


Report from Boston 


the hotel. Convention officials si 



goodwill, a band of local ham radio 
operators cut through international 
red tape to airlift a seriously ill Ameri¬ 
can from Mexicali to a hospital here. 

Robert Lake Carden Jr., 27, of New 
York state, was in Veterans Hospital 
today after the San Diego County 
Amateur Radio Council put up 
SI .700 bail for alleged crimes in 
Mexico and flew him here in a rented 


Hams to the Rescue 
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have probably heard the 

















































try and get it back into the hands of very, very worthwhile contributions 






















December 5 

Entries may be single or multi¬ 
operator class. All contacts on 3.5 to 
3.6 MHz, CW only. General call is 
"CQQMF." 

EXCHANGE: 

RST/001 and progressive QSO 
numbers from 001. 

SCORING: 

Contacts with own country. 1 
point; each call area in W/K, UA etc., 
VE/VO. and VK counts as separate 
country. Contacts with stations in 
same continent. 2 points; other con¬ 
tinents, S points. Contacts with HQ 
station GW8WJ or GW6AQ count 26 
points. Total score is sum of contact 

worked (same as for WPX). 

ENTRIES: 

January 31, 1977 to: Peter Lumb 


RST and ARRL section or country. 
SCORING: 

QSOs with amateurs in an ARRL 
section count 2 points; QSOs with 
amateurs not in an ARRL section are 
worth 5 points. DX to DX QSOs do 
not count. Multiplier is the total 
number of ARRL sections (74), VE8, 
and foreign countries worked. 

AWARDS: 

Certificates will be awarded for 

section and non W/VE country high 

scores. Division high scores will have 

their section award endorsed with an 

appropriate seal. 

FORMS: 

It is suggested that contest forms be 
obtained from ARRL, 225 Main St., 
Newington CT 06111. Check sheets 
are not required but a penalty of 3 
additional contacts will be made for 
each duplicate contact. 


through OSCAR. When operating on 
10 meters, please avoid the OSCAR 
downlink frequencies. 

CLASSES: 

Entries will be classified as either 
single or multiple operator stations. 
Multiple transmitter stations are not 
allowed. 

EXCHANGE: 

All W/VE stations will send RSIT) 
and state or province. Others will send 
RSIT) and consecutive serial number 
starting with 001. Stations that are 

not land based will send RSIT) and 

ITU Region (1, 2 or 3). The District 
of Columbia is counted as part of 
Maryland. 

SCORING: 

Each completed QSO counts 2 
points, or 4 points if with a W or K 
Novice. The multiplier is the sum of 
the total number of states, Canadian 
call areas (max. 9), ARRL countries 
(not US or Canada), and ITU reoions 


letter code tor tneir location (county) 
as follows: BA, BP, BE, BN, BO, CS, 
FE, GY, HA, HE, KO, NO, PE, SA, 
SO, SZ, TO, VA, VE, ZA. 

SCORING: 

Each HA QSO counts 1 point. The 
same station may be worked only 
once per band. Each different HA 
county worked counts 1 multiplier 

point per band. Final score is total 

QSO points times sum of multiplier 

points from each band. 

ENTRIES: 

Logs must be made in usual form 
with summary sheet and signed declar 
ation. They should be mailed within 6 
weeks after the contest to: Radio 
Amateur League of Budapest, H-1553 
Budapest, P.O. Box 2, HUNGARY. 
AWARDS: 

Certificates to first place station 
from each country in each class or 
section. Additional places If war- 























































































































































































































































































New Products 


EICO DLP-6 feature I haven't seen before - it can 

If you've been working with digital tell the difference between an active 
logic circuits, you've probably already high or low, and an open circuit. This 

discovered that there's no really can be really useful. As a final touch. 


Recently, I had occasion to use the while maintaining a constant 116,45 

DLP-6 to find a bug in my TVT-II. I MHz difference between them. Using 

had been trying for two days to find a the synthesizer and VFO you can 

missing pulse, before it slowly dawned work through the satellite or monitor 

on me that the pulse was so short I beacon signals at the flick of a switch, 

wouldn't be able to see it on my scope Because the Multi is a transceiver, 

even when I "found" it. Using the however, the big difference between 

DLP-6, it took about fifteen minutes normal OSCAR operation and using 

to find a NAND gate with positive the 2700 is that you can t monitor 

pulses in on all inputs, but no negative your relayed signals from the satellite. 









































NATIONAL'S NEW VOLTAGE 
REGULATOR HANDBOOK 



























T he increased population 
of amateur repeaters 
and the resulting interference 
has forced many repeaters to 
use tone access systems. The 
tone burst system is irritating 
to users, and if a station 
drops out after accessing the 
system, there is no way for 
the system to be reaccessed 
until the next transmission. 

These factors led to the unit 
described in this article. The 
cost of reeds for a reed 
encoder is prohibitive for 
most amateurs ($15 for a new 
reed plus another $15 for the 
encoder), while this complete 
circuit can be constructed for 
approximately $10. 

Circuit Description 

The unit (see Fig. 1) is a 
simple crystal controlled 

oscillator 1 driving a CMOS PC board. 


Go Tone for Ten 

- - simple subaudible encoder 



Carson Haines Jr. WB6GON 
3112 Sylvan Ave. 

Oakland CA 94602 



Fig. 1. Subaudible tone encoder. 
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divider with an RC filter on 
the output. The CMOS 
divider was selected so the 
number of components could 
be reduced from four 7490s 
and a precision voltage regu¬ 
lator to one CMOS divider 
with a simple zener voltage 
regulator. 

In the units constructed, 
FT243 crystals were used. To 
calculate the frequency of the 
crystals, see the sample 
below: 

Required Frequency x Divide 
Ratio = Crystal Frequency 
Example: 136.5 Hz x 8192 = 
1.182 MHz 

There are two divide ratios on 
the board, 8192 and 16384. 


Component layout. 

If other frequency range 
crystals are available, simply 
bring out the required divide 
ratio from the 1C and feed it 
into the filter. The crystals 
used in the original units were 
the least expensive crystals 
Jan Crystals had listed in 
their catalog. Pick a crystal 
frequency as close to the cal¬ 
culated value as possible. In 
our units for 136.5 Hz the 
closest crystal was 1120 kHz. 
This yielded an error of .2 
Hz when the dividing was 
completed, and normal reed 
decoders are approximately 
±1 Hz wide minimum. When 
selecting a crystal, try to keep 
the end error to approxi¬ 
mately .5 Hz and you should 


not experience any problems. 
The oscillator is very broad 
band and crystals from 
around 100 kHz to 3 MHz 
should perform fine. 

The dividing is done by a 
CMOS divider and it is avail¬ 
able from Godbout Elec¬ 
tronics. The CD 4020 has 
divide ratios of 2 through 2^4 
(16384) available and if other 
ranges of crystal oscillator 
frequency are used, it is 
possible to pick the divide 
ratio you require. 

The output circuit is a 
simple RC filter 2 which takes 
the square waves on the 
output and makes them into 
a triangular waveform. The 
potentiometer in the output 
is used to set the output level, 
and the resistor value for the 


series resistor should be 
selected for the impedance 
into which you are inserting 

tone. 

Construction 

The unit can be con¬ 
structed using any means 
available. The original units 
were constructed on PC 
boards and a full size layout 
is included (Fig. 2). Parts 
value is not critical, so select 
parts you have on hand that 
are near to the values listed 
on the schematic. The zener 
can be between 6 and 9 volts 
since the CD 4020 will run on 
any voltage between 5 and 15 
volts. 

Operation 

Connect the unit to a 
source of 12 volts that is 
turned on when the trans¬ 
mitter comes on or let the 
unit run all the time (only 10 
mA is required). Connect the 
audio and you are ready to 
go. 

I will be happy to answer 
any questions you may have 
regarding this unit, but please 
SASE or no answer. ■ 

References 

1 Ham Radio, June, 1972. page 
11, "Five Band Communications 
Receiver,” M. A. Chapman 
K6SDX. 

2 73 Magazine, April, 1974, 
"Rock Solid Subaudible Tone 
Generator," Paul H. Wiese 
WA8YDC. 

Parts Available From 

Jan Crystals 
2400 Crystal Drive 
Ft. Myers FL 33901 
Godbout Electronics 
Box 2355 

Oakland Airport CA 94614 


Fig. 2. Layout (bottom view) for subaudible tone encoder. 
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Complete five band dual conversion amateur communications receiver. 


I am sure many radio ama¬ 
teurs who have home 
brew rigs would love to have 
a matching receiver. Deciding 
to do something positive 
about this emptiness in the 
shack, I came up with a plan 
that made the home brew 


Warner F. Stortz K3QKO 
5122 Alberta Ave. 
Baltimore MD 2J236 


receiver not only a possi¬ 
bility, but a reality. 

The plan centered on re¬ 
ducing the complexity and 
time of construction dramati¬ 
cally by using a drugstore 
transistor AM broadcast radio 
set as the main building 


block. Even if you never start 
to build this receiver, I am 
sure that you will find it 
comforting to know that if it 
ever became necessary, you 
could do it. 

This receiver, being a dual 
conversion type, has two 


local oscillators (LO) and two 
intermediate frequency 
amplifiers (IF). In this circuit 
we have to make our own HF 
LO, while both IF amplifiers 
and the MF LO are parts of 
the AM broadcast set. 

We also have to make six 
other circuits to support our 
BC set to make certain that 
our project winds up a real 
communication receiver. 
These are the HF radio fre¬ 
quency amplifier, 1 MFIz 
amplifier, beat frequency 
oscillator (BFO), S-meter, 
crystal filter, and automatic 
noise limiter (ANL). 

When all the circuits are 
working together, their opera¬ 
tion is spectacular for such a 
simple design. When the rf 
gain control is two thirds up, 
a 0.2 microvolt 7.1 MHz 
signal at the antenna con¬ 
nector will read S9. The re¬ 
ceiver noise is too low under 
these conditions for me to 
make a measurement with the 
simple equipment available to 
me. 

All I can say about it is 
that I could hear only signal 
in the phones, and I just 
finished working F6ARC on 
40 meters with no trouble at 
all. Any dual conversion 
birdies are less than S2 and 
located so they are no bother. 

Drift and broadcast station 
feedthrough is nil. Each of 
the five bands can be selected 
by a front panel control and 
is 0.9 MHz wide. The 6 dB 
down bandwidth signal selec¬ 
tivity is 300 Hz with the 
phase control in the CW posi¬ 
tion, and 1.2 kHz in the SSB 
position. It is powered by a 9 
V battery and the current 
drain is 30 mA. 

Circuit Description 

The transistor AM broad¬ 
cast set just keeps on doing 
what it did before we bolted 
it to the front panel - 
changing .55 MHz to 1.6 MHz 
rf to sound at the speaker or 
phones — so there is no need 
to describe it any further. 
Fig. 1 shows how it works in 
our receiver and is supported 
by the outboard circuits. 
These will be described in 
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detail because each is unique 
in this receiver. 

Starting from the antenna 
connector, Fig. 2, the band- 
switch, SI, selects one of the 
rf transformers, T1-T5. They 
are broadband-tuned to the 
center of the desired fre¬ 
quency range. Therefore, all 
the signals in the frequency 
range selected appear at the 
gate of rf amplifier Q1. Here 
they are amplified as much as 
possible without adding noise 
to the output. By using a low 
noise MOSFET for this ampli¬ 
fier, the receiver signal-to- 
noise ratio is greatly im¬ 
proved. 

To prove this point with¬ 
out a lot of rotten math, it is 
logical that if the rf signal is 
made greater, the following 
gain controls will have to be 
turned down to yield the 
same output that was present 
before amplification. If noise 
was not added in the amplify¬ 
ing process, all the frying 
sounds generated by these 
turned down stages will be 
much less. 

The output of the rf 
amplifier is inductive coupled 
to the gate coil of the con¬ 
verter transformer, T6-T10, 
and selected by the band- 
switch, which, also through 
other poles, applies this signal 
to gate 1 of the HF converter 
Q2 (along with the HF LO 
output to gate 2). 



The HF LO is crystal con¬ 
trolled for stability and uses 
FT-243 type crystals. The 20 
meter, WWV, and 15 meter 
bands are at a frequency 
higher than that at which 
these crystals will oscillate, so 
a multiplier is used to double 
or triple their fundamental 
output when the bandswitch 
is in these positions. This 
multiplier is a class C ampli¬ 
fier whose output is tuned to 
the selected frequency with rf 
chokes and fixed capacitors. 

Now things really start to 
happen. While the converter 
Q2 is doing what is natural, 
its output is a real mess of 
signals, and we are only inter¬ 
ested in the ones that are the 
difference between the LO 
and rf frequencies. 

The unwanted signal that 
will cause the most harm is 
the very strong one at the 


LO frequency. If it gets into 
the BC set loop stick, over¬ 
loading will take place and 
there will be birdies all over 
the bands. To stop this LO 
feedthrough, the converter 
output is filtered by using a 
well shielded oscillator coil. 
Til (Fig. 3), removed from 
another BC set, and tuning it 
with a fixed capacitor to 
about 1 MHz. 

Because of a long coaxial 
cable run to this improvised 
transformer, Z1 was fabri¬ 
cated to swamp any VHF 
parasitics that might develop. 
The base of the 1 MHz ampli¬ 
fier Q5 is connected to the 
pick-up coil in Til, resulting 
in a clean converted signal 
being amplified. It produces a 
strong field around rf choke 
L8, which is tuned to about 
0.8 MHz with fixed capaci¬ 
tors. 



This choke is mounted 
close to the BC receiver loop 
stick so its field will be 
picked up with little attenua¬ 
tion. Strong spurious signals 
(birdies) are unacceptable. 
Therefore, the importance of 
keeping the HF LO signal out 
of the BC set, and the BC LO 
signal out of the HF rf ampli¬ 
fier cannot be overempha¬ 
sized. Most of the receiver 
shielding and parts placement 
was made to achieve this 
isolation. 

The broadcast receiver is 
now able to tune and detect 
the different HF signals that 
have been converted to fre¬ 
quencies that are within its 
range. It is still not ready to 
be used for a reliable contact, 
because it needs at least a 
beat frequency oscillator and 
more selectivity. 

The BFO is a series-tuned 
Colpitts type. It uses a tran¬ 
sistor BC set IF transformer 
for the frequency controlling 
element and a front panel 
controlled capacitor to vary 
the pitch. Its output is taken 
from the small untuned 
winding in the IF trans¬ 
former. 

The receiver’s fine selec¬ 
tivity is achieved by con¬ 
necting a crystal filter 
between the collector of the 
BC set’s first IF amplifier 
transistor and its output 
transformer. To implement 
this, the collector lead is dis¬ 
connected from its original 
place, and reconnected 
through a coaxial cable to 
another identical IF trans¬ 
former located on the Zi MHz 
crystal filter and ANL circuit 
board (Fig. 4). 

This transformer, T12, 
provides the input for the 
FT-241 low frequency crystal 
Y6 and the 180 degree out- 
of-phase signal for the phase 
control C20. When C20 is 
critically adjusted from the 
front panel, stray signals 
shunted around Y6 are can¬ 
celed and the filter output 


Fig, 2. 


Fig. 3. 
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Fig. 5. 


has an extremely narrow 
bandwidth. 

When it is closed, it sends a 
strong signal around Y6 and 
the bandwidth is useful for 
SSB communication. The 


output of Y6 is kept at a very 
high impedance and con¬ 
nected to gate 1 of Q6. Gate 
2 has the BFO output and the 
ANL bias feed to it. The BFO 
is mixed with the IF in this 


manner to prevent strong 
signals from pulling its fre¬ 
quency. 

The gain of Q6 is regulated 
by the amount of ANL bias 
at gate 2. Its drain is con¬ 


nected through another 
coaxial cable back to the BC 
set IF transformer at the 
original collector connection 
of the first IF amplifier tran¬ 
sistor. This completes the IF 
amplifier circuit again, but 
with the crystal filter, ANL, 
and BFO added to it. 

To develop the automatic 
noise limited bias, the IF 
signal at the input of the 
crystal filter is transformed to 
a low impedance by Q7 and 
diode CR4 changes it to nega¬ 
tive dc, filtered by C24. This 
diode is biased to different 
values above cut-off by the 
front panel control R26. 

When the signal exceeds 
this bias, a negative voltage is 
developed which is subse¬ 
quently fed to gate 2 of Q6. 

The gain of Q6 will vary 
with a noise pulse all the way 
to cut-off, depending upon 
the setting of the ANL pot 
R26. The diode limiters are 
also part of the ANL but they 
are not adjustable. The main 
function of CR1-CR2 is to 
prevent serious overloads 
from damaging any com¬ 
ponents when the transmitter 
is keyed, and that of 
CR5-CR6 is to prevent audio 
distortion. 

The S-meter circuit has an 
unusual input network that 
nulls out the BFO component 
of the IF signal so it will not 
deflect the meter. This is 
accomplished by adding the 
exact amount of 180 degree 
out-of-phase BFO power to 
the input of Q9 (Fig. 3). 

It might look like a mar¬ 
ginal balance, but I have not 
had to change the original 
adjustment of R32, and a 
year has passed without the 
meter being slightly deflected 
by the BFO. The rest of the 
circuit is conventional with a 
voltage amplifier Q9 followed 
by a collector detector Q10 
that deflects the meter. 

The final two modifica¬ 
tions require soldering inside 
the BC set. One is to add 
manual IF gain control to 
prevent overloading, and the 
other to stabilize the collec¬ 
tor voltage that feeds the MF 
LO to prevent modulation 
and drift. To locate the 
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Fig. 6. Typical calibration chart. 


proper place to do both jobs 
will take some looking 
around. 

A zener diode, CR3 (Fig. 
4), is connected across the 
large capacitor on the load 
side of the decoupling resistor 
feeding the collector power 
to the rf circuits. The resistor 
is about 100 Ohms and the 
large can type capacitor 
makes it fairly easy to locate. 

Next you will have to find 
the forward biasing resistor of 
the IF amplifier base bias 
divider. My receiver has only 
one IF stage and it was no 
trouble to find. It will be 
about 150k and it feeds the 
power we just stabilized 
through the AM detector 
diode, which also doubles as 
the AGC generator, on to the 
cold side of the IF trans¬ 
former base winding. This 
resistor is disconnected from 
the stabilized voltage and 
reconnected to the wiper of 
the front panel controlled rf 
gain pot, R16 (Fig. 3). 

Construction 

I assembled my receiver on 
a 15 cm x 10 cm x 5 cm (6 x 
4x2 inch) chassis having a 
18.4 cm x 12.7 cm (714 x 5 
inch) front panel. The tran¬ 
sistor AM broadcast receiver 
was selected because of its 
tuning dial and volume con¬ 
trol layout. The negative side 
of its battery was connected 
to the ground plane, and the 
speaker opening was covered 
with a gold metal screen that 
would make a pretty good 
shield. 

I found later that it had 
only one IF stage, but this 
certainly did not affect its 


sensitivity or degrade the 
project. The BC set must have 
extension shafts epoxied to 
its tuning and volume control 
dials so they can be operated 
outside the front panel. The 
new tuning dial is a vernier 
type and had to be mounted 
on a 1.1 cm (7/16 inch) 
homemade spacer so it would 
fit on the capacitor shaft. 

The front panel controls, 
S-meter, speaker, and phone 
jack are located so that they 
are easily accessible. After the 
BC set has had its IF retuned 
to match the filter crystal, it 
is fastened to the front panel 
with two #2-56 bolts. One of 
the bolts has a solder lug 
under its nut so the BC set 
ground plane can be con¬ 
nected to the metal front 


panel through it. 

The outboard circuits that 
convert the BC set into our 
communication receiver are 
made on pieces of “vector” 
breadboard material, and the 
components are soldered to 
press-in terminals. They were 
all made as small as possible 
and tested before they were 
mounted, using spacers, in 
the main chassis. 

The bandswitch has two 
levels with three poles on 
each. All rf amplifier con¬ 
nections are kept on one 
level, with converter and FIF 
LO connections on the other. 
A lot of effort was spent 
trying to keep the leads short 
and separated from each 
other, but it still turned out a 
mess. However, it works 
better than anyone could 
have imagined. I used #22 
AWG solid insulated wire for 
the interconnections, and 
bare wire for the jumpers. 

All rf transformers are 
mounted on the top of the 
chassis and are well shielded. 
The converter transformers 
are preassembled on a plate 
that fastens to a flange 
around a cut-out in one end 
of the chassis. These coils 
project into the underside of 
the chassis, isolating them 


from the rf amplifier input. 
The tuning is broadened by 
the heavy loading of both sets 
of coil with more primary 
(untuned) turns than would 
be used for high Q operation. 

I used as much shielding as 
I could make without getting 
sick. It is very important to 
keep the outputs of the two 
local oscillators out of each 
other’s converters, and the 
BFO harmonics out of the 
HF rf amplifier. 

The cabinet is fabricated 
out of aluminum sheet and 
provides the shielding needed 
to keep out broadcast station 
signals. The front and rear 
panels are marked, after 
painting, with Datak dry 
letter transfers, and then 
sprayed with clear plastic to 
prevent them from being 
worn off. When the wrap¬ 
around top, bottom, and side 
piece is buffed carefully, the 
receiver has a professional 
appearance. 

My semiconductors were 
selected because they were 
readily available to me. The 
SE 4010 transistors came 
from an old printed wiring 
board bought from a mail 
order house. When I ran out 
of these, I used 2N2222 tran¬ 
sistors from another board. 



Fig. 7. Looking toward front pane / with top half of cabinet removed. Top, left to right: 
S-meter, 1 MHz coupler next to loop stick antenna, AM broadcast set. Bottom: HF LO crystal 
shield, S-meter amplifier over the rf transformer shield, crystal filter and ANL circuit board. 
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Both are replaceable with 
Motorola HEP55, a NPN rf 
transistor. 

The MOSFETs, Q1, Q2 
and Q6, are the contents of a 
Radio Shack Archer Pack 
#276-628 called “Three 
MOSFET N Channel Tran¬ 
sistors.” You must watch 
how you solder these units in 
place. Keep all the leads 
shorted together during the 
process or the gates will 
surely be ruined. After they 
are in place nothing seems to 
be able to keep them from 
working. 

Alignment 

I aligned the tuned circuits 
of my receiver using equip¬ 
ment commonly found in the 
ham shack. Operation one is 
to tune the rf and converter 
transformers to the center 
frequency of their bands 
using a grid dip meter for an 
indicator. 

Next, you must have the 
shields fastened into place, 
power switch placed on, rf 
gain turned fully on, audio 
gain one quarter up, ANL off, 
BFO off, phase capacitor 
fully closed, and the antenna 
input supplied with a signal 
from a VFO. The coupling 
must be very loose to the 
VFO. 

The coupling recom¬ 
mended is two 50 Ohm resis¬ 
tors side by side, one fed by 
the VFO and the other across 
the coax connected to the 
receiver antenna terminal. 
There is no hard electrical 
connection between the two 
resistors (only the rf field), 
and the spacing between the 
two should be variable. 

Back on the receiver, an 
oscilloscope is connected to 
the input of the filter crystal, 
Y6, using a high Z probe. The 
slugs in Til and T12 are 
centered, and the bandswitch 
set to the VFO frequency 
range. The VFO or the re¬ 
ceiver dial is varied until the 
rf is picked up and a 'A MHz 
IF signal is seen on the scope. 
Til, T12, and the rf con¬ 
verter transformer combina¬ 
tion, when switched in, are 
adjusted until the IF signal is 
maximum amplitude. 


r 


Fig. 9. Underside of chassis. Left to right: converter transformers on loosened panel, HF. LO 
converter circuit board in back of bandswitch, LO multiplier, BFO in back of shield, 1 MHz 
amplifier. 


Fig. 8. Looking toward front pane! with all shields removed, along with cabinet. Left to right: 
converter transformers on loose panel, HF. LO crystals on home brew holder, 7 MHz coupler, rf 
transformers, rf amplifier, BC set, S-meter amplifier, crystal filter, ANL board. 


The rf gain should be re¬ 
duced along with the 
coupling to the VFO during 
these adjustments, to keep 
the scope presentation at an 
amplitude easy to see but not 
overloading the circuits 
(about a volt peak). 

Connect the scope probe 
to the drain of Q6 and retune 
the receiver dial for a maxi¬ 


mum display. Set the phase 
capacitor to its minimum 
bandwidth position, which is 
found by mo.ving the VFO 
dial around the detected fre¬ 
quency. Move the scope 
probe back to the input of 
Y6 and tweak up T12 and the 
first BC set IF transformer so 
that their bandpass is 
centered on Y6’s frequency. 


Connect the scope to the 
output of the last BC set IF 
transformer and tweak up the 
remaining BC set IF trans¬ 
formers so they are also 
center tuned to Y6’s fre¬ 
quency. The BFO is switched 
on, the pitch capacitor 
centered, and the slug in T13 
adjusted for a zero beat, 
noted at the scope and the 
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tone at the speaker. you believe is a S9 signal in 

The last and simplest the phones reads S9 on the 
adjustments are made to the meter. 

S-meter calibration pots, R32 If you use a dial marked 1 
and R33. Without an rf signal through 100 like I did, a 
being applied to the receiver calibration chart will have to 
input, rotate R34 fully clock- be made. One curve, and only 
wise, place the BFO switch one, is needed for all bands, 
on, and adjust R33 to a posi- because the BC set does the 

tion where MI indicates zero, tuning each time. Fig. 6 

When an rf signal is present, shows how an easy-to-read 

Ml will deflect to a value chart may be laid out. The 
proportional to its power, points for the curve are 

There is no clear-cut amount located by picking up the 

of rf power per S unit, so set output of a 100 khlz crystal 
R33 to a place where what calibrator, and knowing the 


frequency of the converter Also, their frequencies 
crystals. Subtracting the HF would be such that the LO 
rf frequency from it will multiplier could be elim- 
locate the band scales on the inated, reducing the battery 
chart. drain by 5 mA. I believe that 

I would make the front panel 
Conclusion larger to accommodate a 

This whole project was a different type of dial. I can- 
very satisfying success. Flow- not find any fault with the 
ever, you could always do semiconductor devices or the 
better if you had a second BC set, so I would stick with 
chance. The next time, I them, 
would replace the FT-243 In fact, the whole receiver 
style crystals with smaller de- fits and works so well beside 
vices, even though it would my keyer that I am in no 
run up the cost. hurry to change anything." 


Ham Help _1 

Many people express an interest in volunteer your services as an "Elmer" 

ham radio, but find it difficult to in your area. If your club would like 

locate a ham to answer their ques- to handle all requests from a certain 

tions, peak their curiosity, and enroll area, let John know, and we will be 

them in a local area class. As public glad to refer prospects to you. A good 

pressure for our frequencies increase, way to increase membership in your 

we must increase both our public clubl 

awareness and our numbers in order Let me stress that, though CFMC is 
to survive and grow. Through a new funding this program, we wish it to be 
program called Ham Help, we hope to a truly inter-club project. The Chica- 
be the link between the prospective goland area is ripe for a program of 
ham and you, the local radio club, the this type. Our hobby is the finest in 
neighborhood ham, and the nearby the world - It's time we began to 
radio class. Here's how it works. show it off I 

A prospective ham will call the Only through your club's (and its 
Ham Help number, ILL-1676. The24 members') participation can Ham 
hour line will be answered by John Help work. We ask that you print this 
Russell WB9UEC, Ham Help Chair- in your bulletin or newsletter, and 
man, or an answering machine. After announce it at your next meeting, 
getting the name, address, and phone We are banking on your continual 
number of the prospective ham, John support of Ham Help to make this 

will call a volunteer ham in the program a huge success, and to bring 

prospect's neighborhood. The volun- new blood into our hobby and our 

teer will, in turn, call the prospect, clubs. 

and, hopefully, take a personal Rich Casey WA9LRI 


From my copy of FCC Rules and 
Regs, Vol. VI, I have found Bangor, 
Maine, is the semi-annual location of 
examinations. How do I find out 
when and how much? How do I find 

who could examine me for Novice? 

How do I find out - in a HURRY 
- what licensed hams have known for 


remaining than there was on the front 
side! 

From what little I know now, 80 
through 10m is the spectrum that 

used receiver, 5 band, SSB, all solid 

a little listening, and to gather some 
education on the way. To get some 
good out of it, an antenna is a 


simple dipole which I can hang 


most welcome. Lightning arrestors, 

mountain country, where it gets 
pretty "snappy" now and again. 



field High School. The computer was 
a "Digital" PDP/11, BASIC language. 
The school I went to taught computer 
programming starting in grade 6. (The 
name of the school is South Middle 
School.) When we moved here, I 





let me know? I really enjoyed com¬ 
puter programming in BASIC language 

Tom Trusty 
2613 Lynnwood Dr. 
Arlington TX 76013 
(8171-274-7998 

P.S. I am waiting for my Novice call 
to come back from the FCC. I took 









T o those who are used to 
struggling with the 
vacuum tube version of the 
electronically regulated 
power supply, the 1C voltage 
regulators can be quite an 
experience. 

Within the realm of what 
is possible when working with 
any infernal electronic device, 
to know them is almost to 
love them. 

While they come in a wide 
variety of sizes, shapes and 
internal configurations for 
specialized purposes, most of 
the jobs that the beginner and 
even the more advanced 
builder would have can be 
handled with only a few of 
the most commonly available 
types. 

Here comes the fun part. 
Using these 1C regulators is 
almost as simple as plugging 
in a transistor. The ones of 
most interest are three 
terminal devices and require 
only a few external parts. 

The 1C regulators are 
classified as linear devices. 
While there are a number of 
ratings which might apply, 
and a number of ways to get 
a more complex regulator 
using them, it is the simple 
way we want to explore. 

As most of this series has 


been devoted to the digital 
ICs, the first voltage that 
would be of interest is the 
regulated five volts dc that 
the digital ICs require. 

For this job there are two 
very common regulators 
which you will find in many 
of the circuits. They are the 
LM309H and the LM309K. 
(The LM109H, K are almost 
identical and are also com¬ 
monly available.) 

As can be seen from the 
numbers, they are very simi¬ 
lar to each other. There are 
two practical differences 
between them: the package 
they are in and the power 
they will handle. 

The LM309H is in a TO-5 
transistor type package and 
will handle about 200 mA. 
The LM309K is in the T0-3 
type package and will handle 
an Ampere of current. 

Fig. 1 shows the pin con¬ 
figurations of the two. These 
are from the bottom of the 
package. While the DIP (Dual 
Inline Package) ICs are 
counted from the top of the 
device, these are from the 
bottom, like transistors. 

This may be confusing 
until you get used to it, since 
you may be working from the 
top with a breadboard matrix 


or other construction tech¬ 
nique. 

With just three pins, you 
don’t have a lot of choice to 
make. One is the voltage 
input, one is the regulated 
output and one is the ground 
connection. It would be hard 
to go wrong. Just make sure 
which pin is which. 

Fig. 2 shows how the 
device hooks into the power 
supply circuit, and its basic 
external components. While 
the device can be used with as 
high as 35 volts input, there 
are dangers to doing this 
which will be explained later. 
Assume that the supply 
shown is in the nine to twelve 
volt range. 

It is very important to 
understand the purpose of C2 
and C3. They are not there to 
supply additional power 
supply filtering in the 
ordinary sense. A typical 
value for Cl would be in the 
neighborhood of 5000 uF, so 
the two additional capacitors 
with those values would have 
miniscule effect. 

The technical data lists 
them as optional and not 
being needed for all applica¬ 
tions, but don’t you believe 
it. So what are they there 
for? 


Specifically, they are there 
to prevent self-oscillation of 
the regulator 1C and to pre¬ 
vent external pulses from 
upsetting internal operation. 
Self-oscillation? 

A simple transistor regu¬ 
lator consists of a pass tran¬ 
sistor to handle the current, 
controlled by several signal 
type transistors. As the 
voltage varies, it creates a 
signal which goes to the con¬ 
trol circuitry which tells the 
pass transistor what to do to 
hold the voltage steady. 

The LM309 has about 19 
transistors and a heap of 
other parts in it. Even though 
there are only three pins on 
the outside, there is a whole 
lot going on inside. 

As with any transistor, 
there is always the danger of 
it breaking into oscillation 
since it has the overall effect 
of being a high gain device. 

This also means that it is 
susceptible to pulses from the 
outside getting in to cause 
trouble. 

Even though this may not 
be a problem in all cases, the 
reports of 1C equipment and 
experimentation so far have 
come up with another reason 
why they should be used as a 
matter of course. 

ICs seem to find the signal 
they want in normal opera¬ 
tion. This normal operation 
usually includes square waves 
which means there are going 
to be harmonics, spikes and 
so forth. 

While ICs seem to thrive 
on a diet of crud and garbage 
like that, the rest of the 
world is not so tolerant. It 
would seem prudent to try to 
remove as much of it as 
possible from the nearby en¬ 
vironment. 

Shielding and bypassing 
should be employed as a 
matter of course to help keep 
this stuff from getting to the 



Fig. 1. LM309H (K) 5 volt 
regulator. 


How Do You 
Use ICs? 

-- part IV 

Alexander MacLean WA2SUT/NNNQZV.B 
18 Indian Spring Trail 
Denville NJ 07834 
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Fig. 2. 


outside world. 

The regulator bypass 
capacitors will not only help 
to protect it from itself and 
the rest of the circuit, but 
will help keep down the 
amount of damage that can 
be caused to other equipment 
from interference. 

While the regulator can be 
located any reasonable dis¬ 
tance from the supply, care 
should be taken with the 
placement of these capaci¬ 
tors. 

While most of the 1C parts 
values appear to have quite a 
bit of leeway, these appear to 
be specific values and should 
not be skimped on. 

As with any bypass capaci¬ 
tor, locate them as close as 
possible to the regulator itself 
and keep the leads as short as 
possible. 

While these two will 
handle the bulk of the jobs 
you will have to do with 
digital 1C power supplies, 
there are many projects that 
will require a wider range of 
voltages. 

Most of this can be 
handled by the LM340K or 
the LM340T positive voltage 
regulator series. Fig. 3 shows 
the pin configuration of the 
two and the chart of available 
output voltages. 

The basic difference 
between the two is the 
package. The LM340T is in 
the T0-220 transistor package 
and the LM340K is in the 
TO-3 transistor package. 

Either model will handle 
an Ampere of current output 
with care. Fig. 4 shows how 
this regulator hooks into the 
main circuit. 



As the schematic shows, 
the same values are used for 
the bypass capacitors with 
this 1C as with the LM309 
series regulators. 

The same precautions 
should be taken with the 
placement and the lead length 
— as close and as short leads 
as possible. 

Fig. 5 shows the negative 
version of the LM340. This is 
the LM320T(K). Notice that 
there is almost the same range 
of voltages available. Also 
notice that the pin configura¬ 
tion is slightly different. This 
is important. 

The negative input is also 
connected to the case which 
can then be connected to 
chassis ground, thus keeping 
chassis ground at negative 
potential if desired. 

Notice in Fig. 6 that there 
is a ground symbol used 
rather than the familiar 
chassis ground. This is con¬ 
fusing as it is not the old 
meaning which was literally 
an earth ground, as opposed 
to the chassis common point 
which may or may not have 
also been grounded. 

Here what is intended is 
the circuit common point, 
and not necessarily a connec¬ 
tion to either the metal 
chassis or to an earth ground. 

With solid state work there 
is often the problem that the 
circuit common connection 
can be either plus or minus 
and may not necessarily be 
either chassis ground or earth 
ground, and either plus or 
minus potential may be con¬ 
nected to the chassis or 
ground independently of the 
circuit common connection. 

It makes for quite a few 
possible combinations which 
must be carefully watched for 
in the circuit. ICs are usually 
more straightforward in this 


Fig. 5. LM320T(K) negative voltage regulator. LM32QT(K) 
(5.0, 5 . 2 , 6.0, 8.0, 12, 75 , 18or 24). 


Fig. 3. LM340T(K) regulator. Code number includes voltage. 
LM340T (or K)-(5A 6.0, 8.0, 12, 15, 18 or 24). 


respect than transistors. 

There is one big difference 
in the circuit which is imme¬ 
diately apparent in the sche¬ 
matic (Fig. 6). This is the 
value of the bypass capaci- 

They are ten times bigger 
than those for the positive 
regulators. Also they are 
rather specific about the type 
of capacitor that is to be 
used. They should be solid 
tantalum. Those are the mini¬ 
mum values that should be 
used. They can be higher if 
convenient. 

About now panic is 
starting to set in as you try 
and figure out where to get 
solid tantalum capacitors. No, 
you don’t have to try a mid¬ 
night raid on Cape Kennedy. 
These are a fairly common 
surplus item. Usually the 
same catalogs that have the 
ICs you want will also list the 
solid tantalum capacitors you 
need to go with them. 

While there are applica¬ 
tions where you might want 
to build a negative regulated 
supply by itself, most of the 
time working with a separate 
supply you have only to 
switch the leads to do the 
job. This circuit was shown to 
simplify a larger supply. 

There is one area where 
you will certainly want this 
type of negative supply. This 
is when you get into working 
with the 1C op amps or other 
IQ which require a dual 
polarity supply. 

These ICs make it very 
simple to get your plus and 
minus supply. All you have to 
do is put a negative and a 



positive supply back to back 
and you have it made. 

This is shown in Fig. 7. As 
can be seen, this is virtually 
the same circuit as the two 
individual supplies, but now 
they are both together. The 
only thing that has been 
added is two diodes. 

For this type of supply 
you just choose two regula¬ 
tors with the same output 
voltage, whatever is desired. 
These two were intended for 
just this type of service. 

The diodes are a protective 
device to let the regulators 
start up looking into a com¬ 
mon load. They may also 
serve the purpose of pre¬ 
venting a wrong polarity 
voltage from getting from one 
regulator into the other. 

Notice that they are 
reverse polarity to the supply 
each is across and would 
block the voltage from the 
other where a load resistor 
would not. 

The diodes are rated at the 
regulator short circuit current 
rating. For 12 and 15 volt 
dual supply (one Amp), a 
1N4720 is listed. For a 15 
volt 200 mA supply, a 
1N4001 is listed. 

That is the overall survey 
of the basic type of supply 
you will be working with. 
While there are far more com¬ 
plex configurations to handle 
extreme situations, these will 
serve for almost anything you 
might want to try. 
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Fig. 6. *C2, C3 - solid tantalum. 
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Within the range of simple 
variations on the basic design, 
you will be able to get even 
more practical advantage. 
However, before getting into 
variations, a few words are in 
order on the preservation of 
these devices. 

While they are quite 
rugged when used as in¬ 
tended, as all transistorized 
equipment, they are quite 
intolerant of any mistakes 
you might make. 

The easiest mistake to 
make is with the internal 
device dissipation. Most of 
these regulators will accept a 
voltage input of up to 35 
volts and still give the re¬ 
quired voltage output, but 
there is a built-in booby trap. 

Assume that you want five 
volts for a digital circuit and 
have available a twenty-four 
volt supply. You could 
simply add the regulator 
circuit as shown in the 
drawing and you would get 
the five volts output, up to a 
point. 

Under a light load, you 
would probably be OK, but 
when you started to draw 
much current, good-bye 1C. 
This is the internal rating 
problem. 

Assume that you want to 
draw one full Ampere of cur¬ 
rent through this regulator. 
With five volts out and an 
input of twenty-four volts, 
you are left with nineteen 
volts to deal with. 



Fig. 8. 


At one Ampere through 
the regulator, that means 
almost twenty Watts has to 
be accounted for. It helps to 
remember that this is a regu¬ 
lator, not a power resistor, 
and should not be used as 
one. 

Some of these regulators 
can go a little over their 
ratings and may be more for¬ 
giving with the use of the 
proper heat sinks, but there 
comes a point where you 
have troubles. 

Most of the regulators 
such as the LM309 series are 
built with an internal shut 
down feature for when the 
going gets hot, but even then 
you don’t have to go asking 
for trouble. 

There is one very simple 
way to deal with this 
particular problem. Use a 
dropping resistor. This is 
shown in Fig. 8. The value is 
quite easy to figure once you 
know what you are looking 
for. 

Most of these regulators 
are designed to operate with 
anything from one volt over 
their rated output voltage up 
to their limit. To leave some 
margin, figure on a two volt 
margin. 

In the example shown, the 
output is to be five volts and 
the input is twenty-four volts. 
The desired input is seven 
volts, two more than the 
device output. Assume that 
the maximum current of one 
Ampere is to be drawn. 

This means that the re¬ 
sistor must drop seventeen 
volts. This works out to a 
seventeen Ohm resistor. If 
you want to be very safe, use 
a 20 Ohm resistor. 

The power involved is 
seventeen Watts. Use a 
twenty Watt resistor at the 


minimum. Most of the time 
for experimental work you 
will not be drawing the full 
output, but it’s nice to be 
prepared. 

While this might be an 
extreme example, it is within 
the range of what might be 
encountered when you are 
working with what you have 
on hand. It points out your 
most effective rule of thumb. 

If you want to have the 
maximum reliability of the 
circuitry when you are exper¬ 
imenting or designing, stay as 
far within the ratings as you 
possibly can. 

The simplest thing to do is 
to start with the voltage you 
plan to use as the input 
source and then figure what 
the full load current and 
power would be through the 
regulator. As long as it is 
within the device’s ratings, 
you would be safe. 

It would be better to use 
the resistor as a matter of 
course, figuring it as in the 
example for two volts more 
than the output of the regu¬ 
lator. 

This is based on a steady 
supply voltage. If the supply 
voltage drops under load, you 
may have to determine the 
resistor value experimentally 
for the correct input to the 
regulator. You should have 
some margin to work with 
above the two volts you are 
aiming for. 

In this case you want to 
make sure that under full 
load you get the required 
input to the regulator. Under 
light load a higher input can 
be tolerated because it will 
not be dissipating much 
power. 

Once you have the safety 
requirements for these regula¬ 
tors in mind and know how 
to work within them, there 


are several tough dog prob¬ 
lems which have surprisingly 
simple solutions. 

The first, and most 
obvious problem, is what to 
do when you need to supply 
more than one Ampere of 
current. This doesn’t often 
come up with experimental 
circuits, but does with a lot 
of finished equipment. 

The technical type answer 
to a problem like this would 
be to use an external pass 
transistor with the regulators 
as the controlling element. 
The transistor can handle the 
extra current, but it makes 
for a more complicated cir¬ 
cuit. 

There is an easy way out. 
Use more than one 1C regu¬ 
lator. Split up the load among 
several so that no one has 
more than it can handle. This 
is shown in Fig. 9, and is 
quite a common feature of 
many circuits. It also provides 
better decoupling between 
different parts of the equip- 

When you are working 
with experimental circuits it 
would be nice to have a 
variety of voltages available. 
A multi-output supply is a 
formidable undertaking ... 
or is it? 

That same technique can 
be used to provide a number 
of standard output voltages. 
Fig. 10 shows the basic sche¬ 
matic. The resistance values 
can be figured the same way 
as in the example already 
given. 

One thing to keep in mind 
is that the total output cur¬ 
rent is limited by the output 
current available from the 
basic supply. Thus if the 
supply can only handle three 
Amps, then you cannot draw 
more than that in total 
through the combined regula- 



Fig. ft 





Fig. 10. 


tors. too. It doesn’t cost that much 

Fig. 11 shows an oddball to play it safe, 
circuit that I was told would That should handle just 
work with a single supply. It about any of the usual experi- 
does not look like something mental or finished equipment 
for the faint of heart. regulated supplies you might 

It might work, but it need for most of your work, 

breaks the rules about not These devices are probably 
pushing the ratings. While the most commonly available 

normal operation would on the surplus market, but 

divide the voltage between there are many more that also 

the two so that each was only can be used. Some are in¬ 
getting a few volts more than tended for more precise uses 

needed for operation, if one or other applications, but 

regulator were to short, it most can be used just the 

might throw the full voltage same way that the ones men- 

to the other regulator. tioned can. 

As this is on the dangerous A quick look shows that 
side of the ratings, it might the external parts used are 
damage the other regulator often the same values as given 



Fig. 11. *Solid tantalum. 


for the devices described. a buck each. 

This sort of information is One item that is expensive 
usually supplied with the now, but may come down, is 
application notes for the 1C the three terminal high cur- 
It would pay to get the appli- rent regulator capable of five 
cation notes for any new type Amperes of current or so. 
you were not already familiar Looking at the ads, there 
with. seem to be a number of small 

The 1C and solid state field kits of parts and built 
is constantly changing. By the modules that will supply 
time this is in print there may sufficient voltage and current 
be a whole new line of for both digital 1C and op 
goodies available to the ex- amp type ICs for a price close 
perimenter on the surplus to what the parts would cost, 
market. They should be kept in mind 

There are a number of as a quick and easy way into 
small regulators that will the game, 
supply standard voltages at If you stick to the simple, 
one or two hundred mils, available and cheap for a 
These were intended for on- while and remember not to 
board use in sections of push the ratings,, it will be 
equipment and cost less than hard to go wrong. ■ 













Don Inman 
350 Nelson Rd. 

Scotts Valley CA 95066 

Hamming 101 

- - another Cabrillo College 
pioneering program 


R ecently, I sat in on two 
sessions of a Cabrillo 
College summer school CW 
group. Cabrillo is a com¬ 
munity college located in 
Aptos CA. The CW group is a 
part of ET 80AB, Special 
Projects in Electronics, which 


gives an opportunity for stu¬ 
dents to explore electronics 
areas of special interest on an 
independent study or seminar 
basis. Forty students are 
enrolled in the course; 
twenty-six of these are in the 
CW group. 


Eddy Pollock, Director of 
Technical and Vocational 
Education, acts as the ring¬ 
master for this three ring 
circus composed of beginners, 
advanced, and super students. 
The beginners group, at 
present, has ten members 
receiving and sending at 0 to 
4 wpm. The advanced group 
has twelve working at 6 to 
over 14 wpm. The super 
group has four members 
qualifying at over 16 wpm. 
The goal of each student is to 
improve his code speed at 
least one word per minute per 
week. 

Eddy keeps all three 
groups going at the same time 
in adjoining rooms. A normal 
classroom serves as a place for 
instruction and code practice. 
Enrollees take turns on the 
key so that both receiving 
and sending practice are pro¬ 
vided. An adjoining room 
houses WB6JOD, the Cabrillo 
amateur station. Here is 
where the real action takes 
place. All groups have a 
chance to get in on “live” 
communications at the 
station as well as “canned" 
tape programs. 

No doubt some 73 readers 
are aware of, or have com¬ 
municated with, WB6JOD or 
its predecessor, WA6TST. 
Eddy established WA6TST 
when he came to Cabrillo in 
1960. In 1962 Cabrillo 
moved to its permanent and 
present location and was 


assigned the call letters 
WB6JOD. The station is a 
part of the Electronics Tech¬ 
nology Communications 
Laboratory, as well as serving 
as the Tri-C (Cabrillo College 
Communications) Electronics 
Club station. 

Mr. Pollock, a charter 
member of the Institute of 
Amateur Radio and a lifetime 
subscriber to 73 Magazine, is 
an inspiration to past and 
present Cabrillo electronics 
students. Well over two 
hundred students have 
obtained amateur radio 
licenses as a result of his 
efforts with the Tri-C Club. 
The club holds practice 
sessions at noon during the 
regular school year and in the 
evenings during the summer. 
Tri-C has scored high or won 
several DX and Field Day 
contests. 

WB6JOD is a busy station 
with many users. It operates 
up to 30 hours some weeks, 
the total time depending 
upon the number of per¬ 
sonnel available for super¬ 
vision. Contacts have been 
made with approximately 
150 foreign countries and all 
states in this country. 

Licensed personnel 
attached to Cabrillo include: 
Eddy Pollock W6KHS, First 
Class Radio Telephone Engi¬ 
neer, Amateur Extra Class, 
and Citizens Band; Dr. Larry 
Edler WB6MVK, Extra Class; 
Jim Marshall WA6HCL, Ad¬ 
vanced Class; George 
Jurichovich K6PPZ, General 
Class; Royce Krilanovich 
K6QJZ, Advanced Class, 
Adult Evening Program 
teacher; Mary Duffield 
WA6KFA, General Class, 
Electronics for Young People 
teacher. 

During the 1976-77 school 
year Cabrillo will add specific 
seminars for radio. ET 84AB 
will prepare students for an 
Advanced Class FCC license, 
and ET 84CD offers prepara¬ 
tion for the Extra Class FCC 
license. 

All age groups and both 
sexes were represented in the 
CW class this summer. Intense 
interest was highly evident in 
the class as members offered 



Girls participate in class, too. 
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constructive criticism and en¬ 
couragement to each other’s 
efforts. This attitude seems to 
pervade the amateur hobby 
groups with which I have 
come in contact. 

Community colleges, such 
as Cabrillo, help to fill a 
vacuum that is being created 
in our public secondary 
school systems. As school 
financing gets more critical, 
special interest classes such as 
radio, computer program¬ 
ming, and other electronics 
courses are in trouble. As 
schools become more 
crowded, the administration 
begins to examine the smaller 
classes for possible elimina¬ 
tion. A teacher is thus freed 
to take the overload. By their 
very nature, laboratory 
classes are usually small due 
to equipment and safety 
factors. Therefore, they 
become the prime target for 
elimination. New courses 
being suggested in the rapidly 
expanding computer field are 
failing to get off the ground 
for the same reasons. 

Many of us in the educa¬ 
tion field feel that these 
classes are important - even 
more important than some of 
the traditional classes which 
are “required” courses for all 
students. We must find ways 
to provide this kind of knowl¬ 
edge to our young people. It 
is in this area that community 
services offered by such com¬ 
munity colleges as Cabrillo 
prove so valuable. 

Another aspect of 
Cabrillo's Community Ser¬ 
vices was opened to me re¬ 
cently. My 12 year old son 
participated this past year in 
two electronics courses 
offered to youngsters. One 
striking feature observed was 
the creation of a soft-sell 
technique for education. 
Public school teachers, as well 
as parents, could learn some¬ 
thing from this approach. No 
pressure for grades and no 
fact-memorization to pass 
tests were evident. Each 
session was a fun-filled and 
information-packed ex¬ 
perience. From the surprise 
gift package of electronic 
components, which opened 


the first meeting, to the draw¬ 
ing for electronics books, 
which closed the final 
meeting, the course provided 
something for every partici¬ 
pant. 

This first course entitled 
“Electronics for Young 
People” was limited to 10-14 
year olds. While the instruc¬ 
tor i ntroduced electronics fun¬ 
damental s, the students were 
able to examine, feel and ask 
questions about the com¬ 
ponents under discussion. 
Color codes, component 
units, values, etc., were tied 
into the physical components 
in a meaningful way. A code 
oscillator, a frequency 
counter, a two meter trans¬ 
ceiver and other electronic 
“goodies” received lots of 
attention during the break of 
the three hour sessions. 

During the second session 
of this course, my son and I 
contributed a computer 
demonstration. An Altair 
8800 with IK of memory, 
operating in machine 
language, was used. This 
equipment is part of a system 
being built up by the Moun¬ 
tain Digital Group, a small 
local organization dedicated 
to providing the schools with 
an introduction to computers 
and computer programming. 

While a brief description 


of the computer's operation 
was being given, Kurt pro¬ 
grammed the computer. He 
loaded a few number guessing 
games for the students to 
play. (For those of you with 
new computer equipment but 
no input/output devices - 
take heart. There are a 
number of interesting things 
you can do through the front 
panel switches with only a 
small amount of memory.) In 
Kurt’s first number guessing 
game, a correct guess trig¬ 
gered a music program and 
"Daisy" was played over a 
nearby radio. A guess too 
high turned on all the data 
lights, and a guess too low 
turned off all the data lights. 
The kids really went for this 
game. There were many “Far 
out!”, “How neat”, and 
“Ah” and “Oh" remarks 
from the young audience. 

A visit to Cabrillo’s ama¬ 
teur radio station highlighted 
the final meeting of the class. 
On one wall was a world map 
with a pin for each foreign 
contact made by the station. 
QSL cards were posted along¬ 
side from many stations. 
Eddy Pollock fired up the 
transmitter, and each student 
was allowed to speak into the 
"live" mike. It was several 
minutes before each student 
had sent the sounds of his 


voice over the airwaves. Eddy 
then spoke a few words into 
the microphone, and sud¬ 
denly the students were con¬ 
fronted by the sound of their 
own voices coming back over 
the receiver. It seemed that 
Eddy’s father, Earle 
WA60SQ, another ham, had 
recorded the students’ trans¬ 
mission and was now playing 
it back from his own trans¬ 
mitter. The students also 
visited the Radio and TV Lab 
of the college during this 
session. 

During class breaks and at 
other times, Mary Duffield 
WA6KFA, the instructor of 
“Electronics for Young 
People,” tuned in her trans¬ 
ceiver to one of the amateur 
bands. While students 
gathered around, Mary ex¬ 
plained how to get a ham 
license and encouraged all to 
take a crack at it. 

Mary recently retired from 
33 years in the public 
schools. Owner of a 35 foot 
sailing vessel, Mary was drawn 
to the field of radio commun¬ 
ications out of necessity. 
Cabrillo provided her with 
the opportunity to learn elec¬ 
tronics, and she now holds a 
General Class license. She has 
become so enthused over 
amateur radio that she is now 
thoroughly involved in 
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Members of Tri-C Electronics Club at the Novice station. 


passing along her new-found 
knowledge to youngsters. As 
I write this, Mary is out at sea 
with a group of young 
people. They are involved in 
UNESCO work, contacting 
other young people from 
other countries. They’re 
making friends via radio com¬ 
munications and face-to-face 
contact. Her summer ex¬ 
perience should be a story 
unto itself. 

Eddy Pollock is the real 
mover behind these courses 
for youngsters. He set up and 
taught the original course in 
1971 at the urging of Com¬ 
munity Services. Twelve 
students showed up for the 
original offering, and classes 
have been full ever since. 
Over four hundred children 
have poured through 
Cabrillo’s doors to lake part 
in this one course. 

A natural follow-up to this 
introductory class was one 
called “Electronic Construc¬ 
tion" taught by Eddy him¬ 
self. This class opens with a 
quick review of the previous 
course. The students were 
then given a handful of com¬ 
ponents and a printed circuit 
board in order to learn and 
practice soldering techniques. 
Enough college students, who 
volunteered as lab assistants, 
were provided for almost a 


one-to-one ratio of super¬ 
visors to students. Recogni¬ 
tion of components, their 
characteristics, and methods 
of mounting on printed 
circuit boards were demon¬ 
strated and practiced. Correct 
usage of hand tools, with 
particular stress on safety, 
was brought into play. 

Students were allowed to 
select their projects from a 
suggested list for group pur¬ 
chase or to select one of their 
own choosing from some 
other source. Quite a variety 
of projects were chosen, 
including code oscillators, 
battery checkers, walkie- 
talkie AM radios, three-band 
radios, strobe lights, a para¬ 
bolic microphone, and an 
infrared burglar alarm. 

At the second session, all 
kits had arrived. An air of 
anxious anticipation filled the 
room. Before construction 
began, the students checked 
their parts lists for any 
omissions or incorrect parts. 
They were then on their own 
to construct their kits from 
the assembly manuals 
furnished. There was much 
excitement evident as boxes 
and plastic bags full of com¬ 
ponents were opened and 
examined. 

“Is this a capacitor?” 


"What is this?” 

"Look at your parts list." 

“Which resistor is the Ik?" 

"Look at your color 
code.” 

Questions flew faster than 
the assistants could respond, 
at first. What an ideal learning 
environment! Then the class 
settled down to a semi-quiet 
concentration as parts began 
to be put into their proper 
places. 


Two class meeting were 
largely devoted to actual con¬ 
struction of the projects. Lab 
assistants provided advice and 
aid when troublesome areas 
were encountered. Test in¬ 
struments were provided to 
check out the projects at 
various stages of completion. 
Happiness and satisfaction 
glowed in the young faces as 
projects checked as desired. If 
the results were not satisfac¬ 
tory, a grim determination to 
find the cause and set things 
right was seen. 

At the fourth, and final, 
meeting, the students were 
allowed some time to put 
final touches to their project. 
The projects were then 
arranged in groups, according 
to the age of the builders. 
Each student then inspected 
each project and cast a vote 
for the best constructed 
project in each age group. 
Students voted for the best 
overall project, also. Each 
winner received a prize, either 
an amateur radio book or a 
project construction book. 
The grand prize winner re¬ 
ceived a walkie-talkie con¬ 
struction project as well. 

The future of amateur 
radio and other hobby groups 
seems secure as long as people 
like Mary Duffield and Eddy 



Projects class at Cabrillo. 
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Pollock can be found. But, 
they need help. Look around 
your own community and see 
if such courses exist. If not, 
find out if facilities and per¬ 
sonnel to start such courses 
can be found. Find the 
persons who are putting their 
hearts, as well as their 
energies, into providing for 
those children whose educa¬ 
tion is rapidly approaching a 
“no frills" condition. Give 
them some of your time and 
help if you can. 

At the present time, most 


schools feel that they have 
neither the facilities nor the 
personnel to handle programs 
of this nature. They also haw 
problems scheduling non- 
traditional courses in an over¬ 
crowded situation. It is my 
contention that provision 
should and must be made. 
Certain techniques of learning 
in a laboratory environment 
are vastly superior to the 
lecture-test methods of many 
traditional classrooms. 

My particular field of 
interest is in computers, and I 


feel very disturbed in meeting 
strong resistance to the imple¬ 
mentation of courses in this 
important and fast growing 
field. As a member of the 
Mountain Digital Group, it 
has been my privilege to 
present demonstrations in our 
local intermediate and high 
schools, as well as at Cabrillo 
College. We also presented a 
session at the California State 
Science Teachers Convention 
in an effort to interest 
teachers in computer kit¬ 
building classes. With the 


appearance of inexpensive 
kits spreading at a rapid pace, 
it is obvious that there is no 
reason a student should be 
denied access to a computer. 

Projects carried out this 
past year in my own class¬ 
room have shown that high 
school students, with little 
electronics experience, are 
capable of putting together 
microprocessor kits. In addi¬ 
tion, they acquire an amazing 
amount of electronic knowl¬ 
edge in an enjoyable, infor¬ 
mal atmosphere. ■ 














Bert Kelley K4EEU 
2307 S. Clark Ave. 

Tampa fl 33609 Fig. 7 . Block diagram of CW IDer. 



A Super Cheapo CW IDer 

- - for FM repeaters and RTTY 



view of board showing construction of matrix. 


T his device automatically 
generates your call 
letters for the FCC required 
CW identification and can be 
started by either a push¬ 
button or a pulse from other 
equipment. If you have been 
hand sending CW or using a 
mechanical code wheel on 
RTTY, here is a way to 
improve operation at low 
cost. It also has an audio 
output that can be used as a 
monitor or to modulate FM 
repeaters. 

The IDer is complete on a 
small 4” x 6” circuit board 
with built-in power supply, 
provision for either positive 
or negative voltage keying 
without relays, monitor, and 
an adequate 128-bit diode 
memory. Its simple design is 
its best feature because the 
TTL logic required is cheap 
and available. The diode 
memory is easily programmed 
or, if necessary, changed 
when needed. Contrast this 
with more sophisticated 
designs using programmable 
ROMs which must be pro¬ 
grammed correctly the first 
time with no mistakes. The 
code speed is derived from 
the ac line for a fixed 18 
wpm. This eliminates a few 
parts, and adjustment, but 
fully complies with regulation 
97.87(h). Last, but equally 
important, a circuit board is 
available to help you in con¬ 
struction. 









Circuit 

The block diagram (Fig. 1) 
shows the functions of the 
integrated circuits. U1 is a 
start/stop control and resets 
U2, U3 and U5 so they start 
each sequence from the same 
point. A push-button or pulse 
sets 111, the control line goes 
low, and U2 starts dividing 60 
Hz pulses by four, driving U3. 
The BCD output of U3 deter¬ 
mines the status of U4, a four 
line to sixteen line decoder/ 
multiplexer — actually a sort 
of single pole, 16 position 
rotary switch. As U3 counts, 
U4 advances and grounds 
each of the sixteen outputs in 
sequence. In the meantime, 
U5 is counting each time U4 
finishes a complete sweep, 
and with U6 is used to select 
the eight output lines A 
through H, so that only one is 
active for each sweep of U4. 
This multiplies the 16 posi¬ 
tion output of U4 by a factor 
of eight, giving a matrix with 
a 128 position or “bit” 
capacity. When U6 has com¬ 
pleted its sequence, U5 gen¬ 
erates a pulse which auto¬ 
matically resets U1, and con¬ 
cludes the transmission. 

The eight input lines to U6 
are pulled to a logic one by 
2200 Ohm resistors mounted 
vertically on the circuit 
board. The inverted output of 
U6 then remains low and the 
keying transistors are inactive 
unless the scanning sequence 
is started and reaches points 
in the matrix where diodes 
are connected. They allow U4 
to ground inputs of U6 
without short-circuiting all 
the connections together. If 
we assume the IDer is at rest, 
pin 1 of U4 is grounded, and 
the input line A of U6 is 
positive via the 2200 Ohm 
resistor. Since this is the at 
rest or starting point, no 
output is wanted and there¬ 
fore this position has been 
omitted from the circuit 
board layout. When the 
button is pressed, the matrix 
is scanned from the resting 
point A0 through A1, A2, 
etc., to A15, then B0, B1, B2, 
etc., until operation con¬ 
cludes at HI 5. Viewing the 
trail side of the circuit board, 



it is in reverse to the way you 
read a paragraph in a maga¬ 
zine. The schematic (Fig. 2) 
shows an example of the IDer 
as programmed for “DE 
K4EEU.” 

02 and Q3 are high 
voltage keying transistors. If 
you are keying a positive 
voltage, only Q2 is installed. 
For negative keying, add Q3 
and a 1 k base resistor as 


Front view of CW IDer. 

shown. Naturally, Q2 can be 
used to operate a relay if you 
want to key an isolated 
voltage in a B plus line, for 
example. 

Monitor 

The 555 timer makes a 
simple and effective monitor. 
The frequency will be about 
800 Hz with components 
shown, a square wave which 


is more than adequate to 
drive a small speaker directly. 
The tone is all right for moni¬ 
toring but may be cleaned up 
with a simple low pass filter. 

Parts and Construction 

A circuit board layout is 
given in Fig. 3 for those who 
want to make their own. An 
epoxy, undrilled, but plated 
circuit board with parts list is 



All parts mounted on board. Note ample reserve space in diode matrix. 














available from me for $8 
postpaid US and Canada 
only. Parts locations are 
screened on the board to 
make construction fast and 
easy. 

The HEP transistors are 
shown because they are 
stocked by many local parts 
houses as universal replace¬ 
ments. RCA has a similar line 
and SK-3018, SK-3103, and 
SK-3025 may be substituted 
for Q1, Q2 and Q3. The 
remaining parts are sold by 
advertisers in this magazine. 

Note that the mounting 
screws on the LM309K regu¬ 
lator are also circuit connec¬ 
tions, and verify that the 
regulator output is 5 V within 
a few tenths of a volt. Diodes 
may be either silicon or 
germanium, but should be 
checked on an ohmmeter. 
They are mounted vertically 
with cathode band toward 
the circuit board. 

The speaker impedance is 
not critical. Once the holes 
are drilled with a #60 drill all 
parts can be mounted on the 
circuit board and the unit 
bench-tested in about one 
hour. The completed device 
can be installed in a small 5” 
x 7” x 3” chassis or mounted 
in vacant space in other 
equipment such as a RTTY 
demodulator. 

Programming 

This is done by installing 
diodes at locations where a 
tone is wanted on the matrix 
according to the following 
rules: The first bit, AO, is 
reserved for standby. A dash 
is three bits, or three diodes 
in a row; a dot is one bit, or 
one diode; a space is one bit, 
or no diode. Three vacant 
spaces between characters, 
and seven bits or vacant 
spaces between words. An 
L-shaped bus is formed of 
stiff plated wire and con¬ 
nected above the board 
between each A, B, C, D, E, 
F, G, H input of U6 and 
supported at the other end 
above the board by the 
vertical 2200 Ohm resistor. 
The anodes of the vertically 
mounted diodes are soldered 
to these buses. * 


Fig. 3. PC board. 
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1405 Richland Avenue 
Metairie LA 70001 


CT700I Clockbuster 

- - the ultimate clock/calendar 
(for now) 


F or several months, I 
have been toying with 
the idea of building a digital 
clock using one of the many 
integrated circuits that are 
out on the market today (see 
the ads in this magazine). A 
recent sale on the Cal-Tex 
CT7001 clock-on-a-chip inte¬ 
grated circuit was too much 
to resist. I quickly ordered 
one along with six readouts 
and was soon on my way to 


constructing a digital clock. 
The results of using the 
CT7001 have exceeded my 
expectations, and this article 
is an attempt to provide you 
with sufficient information to 
build your own. 

The CT7001 has many 
features which may be 
selected according to how the 
various scanned inputs are 
connected to the digit output 
pins. The chip is also available 


in either seven segment out¬ 
puts (CT7001) or BCD 
outputs (CT7002). 

General Description 

Fig. 1 is a block diagram 
of the integrated circuit and 
external connections. All that 
is necessary to make use of 
the integrated circuit is a 
power supply, 4 or 6 read¬ 
outs, and the external 
switching matrix which will 



Fig. 7. Block diagram of CT7001. 


be described in complete 
detail later in the article. The 
integrated circuit makes use 
of a 60 Hz timebase fre¬ 
quency from the power line 
to count the hours, minutes 
and seconds. There are also 
provisions for battery backup 
should the power line fail, 
and the integrated circuit has 
its own internal oscillator to 
take over the 60 Hz timebase. 
The actual frequency is deter¬ 
mined by the RC circuit con¬ 
nected to pins 25 and 26 of 
the integrated circuit. There 
are no particularly critical 
parts of the external circuitry 
with the exception that you 
should use an integrated 
circuit socket rather than 
soldering the 1C directly into 
the circuit. The reason for 
this is that the MOS type 
circuit is sensitive to static 
electricity which could 
destroy some of its inputs. 

The particular mode of 
operation is determined by 
connecting various digit out¬ 
puts to the three scanned 
inputs of INI, 2 and 3. The 
chip was designed so that 
setting any one particular 
counter such as the time, 
alarm, calendar, etc., is 
possible without upsetting or 
affecting the contents of any 
other counter. 

Since there are so many 
options available with the 
CT7001, I have not made this 
a detailed construction 
article, but rather a descrip¬ 
tion of how to apply the 
CT7001 and by so doing, 
allow you to choose the 
options you desire in con¬ 
structing the digital clock. 
This way, it will be possible 
to tailor the external circuits 
according to your own in¬ 
dividual requirements. 

The integrated circuit will 
accommodate 4 to 6 seven 
segment displays as shown on 
the block diagram. It will 
direct drive luminescent anode 
display tubes, and the applica¬ 
tion brochure from the manu¬ 
facturer states that it will 
direct drive common cathode 
LEDs. However, one word of 
caution is in order. It will 
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direct drive common cathode 
LEDs as long as the segment 
current does not exceed five 
milliamps. If your particular 
LED will draw more than five 
milliamps per segment, it will 
be necessary for you to incor¬ 
porate either the transistor 
driver or integrated circuit 
driver that will be described 
later in the article. 

To summarize, the 
CT7001 incorporates a 
28/30/31 day calendar, 12/24 
hour clock operation with 
true 24 hour alarm setting, 
snooze alarm, 50 or 60 Hz 
timebase, 6 digit direct drive 
display, clock radio features, 
on chip 60 Hz backup oscil¬ 
lator and easily settable 
counters which will be ex¬ 
plained in the following 
section. 



Operational Modes and 
Switching Matrix 

Referring to Fig. 2, we 
have a chart showing the 
scanned input options which 
are available with the clock. 
The first input is INI and by 
connecting various digit out¬ 
put pins to this INI, the 
operational mode of the 
clock will be changed 
accordingly. Likewise, the 
same holds true for inputs 
IN2 and IN3. 

For example, there are 
three display modes available, 
depending on the connection 
of IN3 to either D3 or D4. 
With no connections to the 
Cl or C2 inputs, the time will 


be displayed for eight seconds 
and the calendar for two 
seconds. If the C2 input is 
closed (D4 to 1N3), only the 
calendar will be displayed on 
a continuous basis. Likewise, 
if the Cl input is closed (D3 
to IN3), only the time will be 
displayed on a continuous 
basis. The am and pm outputs 
will operate during the clock 
and alarm display modes 
when the clock is operating 
on a 12 hour basis. If it is 
switched over to a 24 hour 
clock, the am and pm outputs 
will not be available. 

This means that if the 
12/24 hour input is closed 


Front view. 

(D2 to IN3), the clock will 
operate on a 24 hour basis 
(00:00:00 to 23:59:59). 
Should the 12/24 hour input 
be opened, the clock will 
display 12 hours with an am 
and pm indication both on 
the clock display and the 
alarm. 

If the alarm switch is 
turned on (D1 to IN3), the 
alarm output will go high 
when the clock counter is 
coincident with the preset 
alarm counter. The alarm out¬ 
put will remain high until it is 
terminated by opening the 
alarm switch. 

While the alarm is func¬ 


tioning, if the snooze switch 
is closed momentarily (D6 to 
IN2), the alarm will be 
disabled for ten minutes and 
this cycle can be repeated as 
many times as desired until 
the alarm is disabled by 
opening the alarm switch. 

There is also a counter 
built into the clock chip that 
can be set in one minute 
increments from 9 hours and 
59 minutes to 1 minute. This 
feature can be used to control 
some external appliance and 
may be utilized in three 
different ways depending on 
the setting of the Mode A and 
Mode B switches. 

When Modes A and B are 
off, the accessory output will 
then be high for the preset 
time by closing the accessory 
switch, and this timed cycle 
can be interrupted at any 
time by opening the switch. 
When the accessory switch is 
closed again, the countdown 
will continue where it left 
off. 

If Mode A is on and Mode 
B is off, the accessory will go 
high for the preset time 
period and also go high at the 
alarm time, providing the 
accessory switch is on. This 
mode may be used to turn a 
sleep/learning tape off auto¬ 
matically and then wake you 
up at the preset alarm time. 


Scan Time Input Nan 

D1 Set 


Set H/M 

Clock Radio Switch 

Mode A 

Mode B 

50/60 Hz 

Set Calendar 

Set Clock 

Set Alarm 

Set Clock Radio 

Snooze Switch 

Alarm Switch 

12/24 Hour 


Definition, Connect ion 
Set Counter 

Set Hour or Month Digit 
Clock Radio Switch - On 
Mode A - Off 
Mode B - On 
50 Hz Input 
Set Calendar Counter 
Set Clock Counter 
Set Alarm Counter 
Set Clock Radio Counter 
Snooze Switch - On 
Alarm Switch - On 
24-Hour Operation 


See n< 
See n< 


e below 


Definition, No Connection 

Set Minute or Day Digit 
Clock Radio Switch - Off 
Mode A - On 
Mode B - Off 
60 Hz Input 


Snooze Switch - Off 
Alarm Switch - Off 
12-Hour Operation 
See note below 


Fig. 2. Scanned input Options. There are three display modes: (!) if the Cl and C2 inputs are 
left unconnected, time will be displayed for 8 seconds and the calendar displayed for 2 seconds; 
(2) if the Cl input is dosed (C2 open), the time will be displayed on a continuous basis; (3) If 
the C2 input is dosed (Cl open), the calendar will be displayed continuously. 
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The third possibility is to 
have both Mode A and B 
turned on with the accessory 
switch on. This will allow the 
accessory output to go high 
for the preset time only at 
the alarm time. This function 
may be used to turn an ex¬ 
ternal appliance on for a 
certain length of time at any 
desired time. The individual 


counters are very easy to set 
with this particular integrated 
circuit and the procedure is as 
follows: 

The counter to be set is 
selected by closing the set 
calendar clock alarm or acces¬ 
sory switch, which is accom¬ 
plished by connecting either 
Dl, D2, D3 or D5 respec¬ 
tively to the IN2 input. Then, 


Fig. 3. LED interface for common cathode. RL is sized L 
limit current for specific LED used. 


if D2 is connected to INI, the 
hours or month digit will be 
advanced. Or if D2 is not 
connected to INI, the minute 
or day digit will be set. Once 
this is determined, connecting 
Dl to INI advances the digits 
of that particular counter at 
the rate of one digit per 
second. During the set clock 
function, connecting Dl to 
INI also sets the seconds to 
zero and freezes this particu¬ 
lar register until the clock is 
started again. This allows you 
to set the time say one 
minute ahead of WWV time, 
wait for the tone, then switch 
the function switch to run at 
the right moment. With this 


synchronize the clock with 
WWV. 

The calendar display for 
this particular integrated cir¬ 
cuit is very unique. It has an 
internal memory which can 
determine which months have 
28, 30 or 31 days. It will 
count the correct number of 
days for each month and 
advance to the next month at 
the end of the last day of the 
previous month. The only 
day which has to be manually 
set is February 29. This 
means that once the calendar 
is set, it will only have to be 
reset once every leap year on 
February 29. When I think of 
all the times I have had to 
manually reset the calendar 
on my calendar watch, this 
one feature is well worth the 
price of the chip. 

Typical Circuits 

Now to discuss some 
actual circuits you can use to 
build a digital clock. It is 
possible to incorporate either 
common cathode or common 
anode LEDs in the display. 
As mentioned previously, 
direct driving of the LED 
segments can only be used if 
the particular LED that you 
are using is a common 
cathode with a current draw 
of five milliamps per segment 
or less. Figs. 3 and 4 show a 
typical application for tran- 

cathode and common anode 
LEDs. Six digit driver tran- 


Fig. 4. LED interface for common anode. RL issized ti 

current for specific LED used. 


Fig. 5. Improved LED interface using SN75491 andSN75492 
integrated circuits (for common cathode LED). SN7549I - 
quad segment driver; SN75492 — hex digit driver. Notes: (!) 
For both SN75491 segment drivers, pins 3, 5, JO and 12 are 
connected to pin 11 through 150 Ohm % W resistor. (2) Vs s = 
716 to 9 V dc (10 V dc max). 












Fig. 6. Typical dock circuit for common cathode readouts. Note: Each of the SN7549I 
segment drivers has pins 3, 5, 10 and 12 connected to pin 11 through a 150 Ohm !4 W resistor. 
*Choose RL to limit LED current to less than 5 mA (typically 2.7k). 


sistors are required as well as 
seven individual segment 
drivers. Since the displays are 
multiplexed, all segments in 
the display are wired in 
parallel. This greatly reduces 
the number of drivers and 
load resistors that are re¬ 
quired in a typical circuit. 

It is also possible to use 
integrated circuit drivers for 
the digits, which greatly re¬ 
duces the amount of external 
wiring. Fig. 5 indicates an 


improved LED interface using 
SN75491 and SN75492 inte¬ 
grated circuits. This diagram 
is for a common cathode 
installation. The SN75492 is 
a hex digit driver and the two 
SN75491s are quad segment 
drivers. For both of the 
SN75491 segment drivers, 
pins 3, 5, 10 and 12 are 
connected to pin 11 through 
a 150 Ohm, 'A Watt resistor. 
The application sheet on both 
these integrated circuits indi¬ 


cated that the maximum 
supply voltage is ten volts and 
it is probably better to 
operate them between 7'/j to 
9 volts dc to avoid any 
damage to the integrated cir¬ 
cuits. 

In my particular clock, I 
had already etched the circuit 
board before I realized that it 
would be possible to use the 
improved interface integrated 
circuits. Consequently, my 
particular clock is a hybrid, 


using six transistor digit 
drivers and two SN75491 
quad segment drivers as a 
typical application. This is 
shown in Fig. 6 and inciden¬ 
tally, this diagram is a typical 
application which allows you 
to incorporate all the func¬ 
tions that are available within 
the clock integrated circuit. 

In order to keep the front 
panel of the clock as simple 
as possible, I located the 

display select, 12/24 hour, 
Mode A and Mode B switches 
on the rear apron of the 

clock. The set/funclion 
switch, the set counter, and 
the hours/minutes selector 
along with the accessory and 
alarm switches were located 
on the front panel of the 

clock. I used LEDs of 

different colors to indicate 
the am and pm settings of the 
clock and also an LED for 
each of the accessory and 
alarm switches to indicate 
when these switches were 
turned on. This feature helps 
to remind you to turn off the 
alarm or accessory when you 
don’t want to be awakened 
early on a Saturday morning. 

There are various options 
in regard to the alarm circuit, 
and Fig. 7 shows a typical 
alarm circuit using a tran¬ 
sistor driver interface to turn 
on a programmable unijunc¬ 
tion transistor oscillator 
driving an internal 8 Ohm 
speaker. A potentiometer can 
be incorporated into the 
circuit to vary the tone of the 
alarm output to suit your 
own particular preference. 
The output from this oscil¬ 
lator is sufficient to awaken 
all but the most ardent 
sleeper. 

A friend of mine included 
another unijunction in his 
clock to produce an alarm 
similar to a police siren. How¬ 
ever, the side effects the 
wavering alarm tone had on 
his wife prompted him to 
quickly change the circuit 
back to a steady, soothing 

A transistor driver circuit, 
similar to the one used to 
turn on the alarm, can be 
used to operate a 12 volt dc 
relay. The contacts from this 
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relay can be used to control 
some type of accessory func¬ 
tion such as a clock radio, 
lamp or appliance. In my 
particular installation, I am 
using it to switch 120 volts ac 
to an accessory socket at the 
rear of the clock which is 
used to turn on a small radio. 
However, it can also be used 
to turn on some external 
appliance or other similar 
function. The circuit diagram 
is shown in Fig. 8. 

Various power supply 
options are available 
depending on your own 
personal requirements and 
the amount of regulation that 
is desired. Fig. 9 shows a 
typical power supply with a 
PNP power transistor used to 
help regulate the output for 
the unit. Battery backup is 
provided by two nine volt 
batteries installed with a six 
volt zener diode. CR2 is in¬ 
stalled to prevent the battery 
from supplying power to the 
displays when the normal 
power has failed. The battery 
is only used to operate the 
integrated circuit with its on¬ 
board oscillator to keep the 
clock functioning during a 
power failure. A variation to 
this circuit may be used to 
display the time for short 
periods to conserve battery 
power. Simply connect a 
momentary, N. 0. SPST 



push-button switch across 
CR2. This will allow you to 
bypass the diode to display 
the time. 

In some cases, it may be 
objectionable for the leading 
zero to be displayed during 
clock operation and also 
during calendar display. It is 
possible to blank the leading 
zero by means of a transistor 
and a few resistors. Since 
segment F is the only seg¬ 
ment not required to form 
the digits one or two, it can 


be used to uniquely describe 
zero. If segment F is present 
during D1 time, the 
2N2222A transistor will turn 


off the D1 to the display 
while preserving the D1 signal 
to the input matrix. Fig. 10 is 
taken from a Cal-Tex applica- 




Fig. 7. PUT = programmable unijunction transistor (Radio 
Shack 276-119 or equivalent). 



Fig. 8. K1 = 12 V dc coil relay suitable for switching accessory 
loads for miniature size. 


Fig. 9. Power supply for the CT7001 dock. During normal 
operation, all power is supplied from the ac power supply. 
During a power failure, the dock continues to operate from 
the battery backup composed of two 9 volt batteries. To limit 
current drain on the batteries, a diode blocks power to the 
displays. A push-button bypass switch across diode CR2 may 
be installed to momentarily view the display. 



Fig. 10. Zero suppressing the D1 digit. Since segment F is the 
only segment not required to form digits 1 or 2, it can be used 
to uniquely describe 0. If segment F, is present during D1 time, 
the 2N2222 A will turn off the D1 to the display, while 
preserving the D1 signal to the input matrix. 
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tion note on how the circuit For those of you who 
should be connected to zero desire more accuracy than the 

suppress the leading zero, power line regulation, or for 

Since I have not incorporated that matter, high accuracy 

this feature in my particular when the power line fails, it is 

clock, I can’t vouch for the possible to incorporate a 

values of the resistors to be crystal oscillator as an ex- 

used, but I assume that they ternal timebase. This is shown 


are the normal values that are 
used in the other driver tran¬ 
sistor circuits. You might try 
a 4.7k resistor for the base 
and a 22k resistor for the bias 


in Fig. 11 using a 100.800 
kHz crystal with a one 
megohm resistor and a 5-50 
pF variable capacitor. The 
frequency can be trimmed 
with the variable capacitor to 


result in a very stable external 
timebase whose accuracy is a 
function of the crystal used. 

Conclusion 

The clock has been in 
operation for several weeks 
now using only the timebase 
from the power line fre¬ 
quency to determine the 
accuracy of the clock. This 
timebase has proven to be 
adequate for most operations. 


the power line is a reliable 
source for a 60 Hz timebase, 
barring momentary power 
lapses. When this happens, 
the chip displays one more 
feature - at the moment 
power is restored, the clock 
begins counting, but displays 
all 8s. This is to let you know 
that the count is not 
accurate. By momentarily 
closing the set counter 
switch, the clock display will 
appear. Keep this in mind the 
first time your clock is turned 
on, as all 8s is a normal 
indication until the set 
counter switch is closed. 

In closing, I highly recom¬ 
mend the CT7001 digital 
clock/calendar 1C, and should 
you decide to build your own 
digital clock, it's a good idea 
to obtain the basic applica¬ 
tion notes from Cal-Tex 
Semiconductor along with 
the supplementary applica¬ 
tion notes listed in the refer- 



imebase. In this mode of operation, it is 
t the 60 Hz input (pin 23) to Kss (Cal-Tex 


(1) CT7001 Digital Clock /Calendar ( 

(2) Supplementary information on C 

(3) AN#108 - Display oscillator. 

(4) AN#103 - LED interface for coi 

(5) AN#! 02 - Display options. 

(6) AN#105 - Colon blanking durir 

(7) AN#107 - External timebase. 
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Saving a CBer 

--a new resource for hams 


Karl M. Schulte WA2KBZ/JY9KS 
4011 Bluebird Lane 
Roiling Meadows rL 60008 


T he harsh jangling of the 
phone grabbed me by 
the eardrums, and cruelly 
vibrated me awake. Slowly, 
groggily, I fumbled at the 
bedside phone, resolving to 
leave it off the hook the next 
Friday night. It seemed that I 
had just dropped off to sleep, 
and a quick look at the clock 
confirmed that impression; it 
was 9 am, and I had turned 
the rig off only three hours 
ago. Trying to work Australia 
with my minimal antenna 
system was as fruitless as 
hunting with a water pistol - 
all night and no luck. 

The phone had reached 
my ear by now, and I 
mumbled something into the 
mouthpiece. “Good morning, 
Karl!” said an all too awake 
and cheerful voice. “I just 
passed my Advanced exam 
and I wanted you to know.” 

“Ken, are you kidding me? 
You just got your General 
three weeks ago!” Now 
completely awake, I found 
this news to be both amazing 
and just a little embarrassing 
- this kid had done in six 
months what had taken me 
three years to do. 

"Well, Karl, I had a day 
off from school, and I have 
been studying for at least two 
weeks now, so 1 decided to 


give it a try." He decided to 
give it a try, I thought; no 
denying that the kid had 
plenty on the ball. 

“Well that’s just great, it's 
fantastic, actually. I gave you 
your Novice not more than 
six months ago. Congratu¬ 
lations! Not many hams can 
beat that; not bad for a 
converted CBer.” 

He signed off and I turned 
over in bed, not to sleep, but 
to think on his brief career in 
ham radio, which had been 
nothing short of astounding. I 
felt more than a little satis¬ 
faction and pride. He had 
done the work, of course, but 
I had been lucky enough to 
provide the proper guidance 
and to help send him on his 
way. 

It had started one evening, 
while listening on the 
Chicken Band (our local nick¬ 
name for CB). Amid the usual 
strange chit chat and madeup 
calls, something had aroused 
my interest. There, he was 
back again. "Yes, Little 
Chicken, and Red Hen, this is 
KBC 1234 (I can’t remember 
the exact call). I was just 
saying that CB is OK for 
some things, but everything 
I’ve heard about ham radio 
makes me think that it's a lot 
more fun, and interesting 


too.” I couldn’t agree more, I 
thought; let’s hear more. "All 
the things I’ve heard about it 
sound real neat, like talking 
to other countries, using 
Morse code - I still 
remember that from the 
Scouts — and even building or 
fixing your own gear. You 
can use hundreds of Watts 
and not worry about the 
FCC. It sounds like a great 
hobby, but it’s hard to get 
started. I sure wish I had 
someone to help me out. It’s 
like the difference between 
flying a kite and flying an 
airplane.” Not a bad analysis, 
and he was right. CB does 
have its worthwhile uses, if 
the legitimate stations can get 
out from under the 
cacaphony of QRM from all 
those "Little Chickens” on 
the band. 

I broke in, using WSEWF’s 
CB call and rig (which I had 
been testing), and asked him 
to drop over to my shack that 
afternoon, to get that help he 
was looking for. Expressing 
surprise and thanks, the 
young man said his name was 
Ken and that he lived just 
around the corner from my 
house. That was my first and 
last CB contact, for that rig 
was sold the next day, 
W5EWF having despaired of 


the way the band had 
developed since its early days. 
That one contact made for a 
happy result, however: the 
addition of a bright, talented 
and very enthusiastic new 
ham to our fraternity. 

Ken was right on time for 
our first meeting, and I 
quizzed him on his back¬ 
ground, so I would know 
where to start. As it turned 
out, he had a good start, 
having retained all of his Boy 
Scout Morse code (at a speed 
of about two words a 
minute), and having studied 
basic electronics in high 
school. All he needed was 
exposure to actual ham radio, 
as well as guidance in his 
studies. He went off clutching 
copies of “How To Become A 
Radio Amateur” and “The 
Radio Amateur’s License 
Manual,” not to mention 
several copies of 73. An hour 
of twenty meter phone 
seasoned with the forty meter 
Novice band had whetted his 
appetite. 

Before I knew it, I was 
giving Ken his Novice test. 
Naturally, he was nervous, 
and he wrote hunched over 
the forms, in intense 
concentration. After it was 
over, I could not help but 
notice that the answers 
(which I had accidentally 
seen) were all correct. 
Although I reassured him, 
Ken was anxiously waiting 
for the mailman for the next 
month or so, catling me up 
every other day (after three 
weeks had gone by), 
wondering if such a long 
delay was normal. 

Then one day, Ken came 
running up as I shoveled snow 
in my driveway. Giving the 
last shovelful a heave, I 
straightened up and greeted 
him. 

”1 made it!” he shouted. 
“I'm a Novice, I’m a ham!” 

“That’s great, Ken - but I 
knew you’d make it. What’s 
your call?” I wondered how 
far down the list they had 
gotten. 

“I’m WN9QDL!” 
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“Well, WN9QDL, why 
don't you hustle on over to 
your QRP Heath rig and I’ll 
work you.” Snow shoveling 
really never excited me that 
much anyway, I thought, as 1 
headed tor the shack. 

One thing led to another, 
and one day about mid-April, 
the new Novice became a new 
Technician, and then (after 
borrowing some of my code 
tapes and a little technical 
advice on theory and its 
practical application), guess 
who was a General? I was 
only a little bit surprised at 
that, for Ken had been 
working hard. We put up 
some improved antennas and 
I loaned him my rig so he 
could try phone for a while, 
and got almost daily landline 
reports on how he was doing. 
It seemed to me that the 
thrill of being off the limited 
Novice bands would kind of 
slow down the climb up 
through the license grades, 
while he concentrated on 
making lots of contacts. Well, 

I was sure wrong on that 


score. His radio library had 
been steadily expanding to 
the point that I was 
sometimes borrowing books 
from him, and they were all 
well used when I received 
them he had been studying. 

So now Ken was an 
Advanced class ham. As I got 
dressed, I counted the 
months since he had received 
his first call - six months, to 
the day. Perhaps there were 
more good potential hams 
marking time on CB; a little 
encouragement might be all 
that would be needed to find 
them and bring them into the 
hobby. I resolved to listen in 
on 27 MHz some more. Just 
then, the telephone rang 
again, interrupting my 
thoughts. It was Ken again, 
asking to borrow my 21 wpm 
73 code practice tape; he said 
he’s just started working on 
his amateur Extra and his 
records only go to 18. 
Hmmm, I wonder if he can 
help me with my code - 
maybe I’ll get that Extra class 
myself!" 
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See 


computer equipment at 


CALIFORNIA 

The Electric Brain Computer Store 
700 Village Parkway, Suite L 
Dublin, Ca. 94566 
(415) 828-7480 

Computerware 
830 First St. 

Encinitas, Ca. 92024 
(714) 436-3512 

Cvberdux 

Microcomputer Applications 
1210 Santa Fe Dr. 

Encinitas, Ca. 92024 
(714) 279-4189 

A-VID Electronics Co. 

1655 East 28th St. 

Long Beach, Ca. 90806 
(213) 426-5526 

The Byte Shop Computer Store # 1 
1063 E| Camino Real 
Mountain View, Ca. 94040 
(415) 969-5464 

The Computer Center 
8205 Ronson Rd. 

San Diego, Ca. 92111 
(714) 292-5302 

Computer Store of San Francisco 
1093 Mission St. 

San Francisco, Ca, 94103 
(415) 431-0640 

The Byte Shop Computer Store #2 
3400 El Camino Real • 

Santa Clara, Ca. 95051 
(408) 249-4221 

The Computer Store 
820 Broadway 
Santa Monica, Ca. 90401 
(213) 451-0713 

FLORIDA 

Electronics for Yachting, Inc. 

2001 S.W. 20th St. 

Ft. Lauderdale, FI. 3331 5 
(305) 525-3479 

Computer Assoc., Inc. 

6900 N. Kendall Dr., Suite A103 
Miami, FI. 33156 

Marsh Data Systems 
5405-B Southern Comfort Blvd. 
Tampa, FI. 33614 
(813) 886-9890 

Microcomputer Systems, Inc. 

144 S. Dale Mabry Ave. 

Tampa, FI. 33609 
(813) 879-4301 

GEORGIA 

Atlanta Computer Mart 
5091-B Buford Highway 
Atlanta, Ga. 30340 
(404) 455-0647_ 


ILLINOIS 

American Microprocessors 
Equipment & Supply Corp. 

241 Indian Creek Rd. 

Prairie View, II, 60069 
(312) 634-0076 

INDIANA 

The Data Domain 
111 S. College Ave. 

Bloomington, In. 47401 
(812) 334-3607 

KANSAS 

Midwest Scientific Instruments, Inc. 
220 W. Cedar 
Olathe, Ks. 66061 
(913) 764-3273 

KENTUCKY 

Cybertronics 
312 Production Ct. 

Louisville, Ky. 40299 
(502) 499-1551 

LOUISIANA 

Baxter's T.V. 

7964 Jefferson Hwy. 

Baton Rouge, La, 70809 
(504) 924-5303 

MARYLAND 

The Computer Workshop, Inc. 

5709 Fredrick Ave. 

Rockville, Md. 20852 
(302) 468-0455 

MASSACHUSETTS 

Computer Warehouse Store 
584 Commonwealth Ave. 

Boston, Ma. 02215 
(617) 261-2701 

Control Concepts 
P.O. Box 272 

Needham Heights, Ma. 02194 

NEVADA 

Johnson T.V., Inc. 

2607 E. Charleston 
Las Vegas, Nv. 89104 
(702) 382-5553 

NEW HAMPSHIRE 

Aircom, Inc. 

Route 16-B 
Union, N.H. 03887 
(603) 473-2323 

NEW JERSEY 

William Electronics Supply 
1-863 Woodbridge Ave. 

Edison, N.J. 08817 
(201) 985-3700 

Midwest Enterprises, Inc. 

81 5 Standish Ave. 

Westfield, N.J. 07090 
(201) 233-7090 


your local dealer 

NEW YORK 

Synchro-Sound Enterprises 
193-25 Jamica 
Hollis, N.Y. 11423 

Audio Design Electronics 
487 Broadway, Room 512 
New York, N.Y. 10013 
(212) 226-2038 

Computer Mart of New York, Inc. 
314 Fifth Ave. 

New York, N.Y. 10001 
(212) 279-1048 

Waco Trading Co., Inc. 

239 Park Avenue South 
New York, N.Y. 10003 
(212) 674-0470 

OHIO 

ELS Systems 
2209 N. Taylor Rd. 

Cleveland Heights, Oh. 44112 
(216) 249-7820 
PENNSYLVANIA 
Martin J. O'Boyle & Assoc. 

P.O. Box 9094 
Pittsburgh, Pa. 1 5224 
(412) 361-1602 
UTAH 

The Computer Room 
1455 South 1100 East 
Salt Lake City, Ut. 84105 
(802) 466-7911 

TEXAS 

Printing & Office Supply Co. 
of Texas, Inc. 

130 One Shell Plaza 
Houston, Tx. 77002 
(713) 228-8966 

The Micro Store 
634 S. Central Expressway 
Richardson, Tx. 75080 
(214) 231-4088 
WASHINGTON 
Retail Computer Store 
410 N.E. 72nd St. 

Seattle, Wa. 98115 
(206) 524-4101 
WISCONSIN 

The Milwaukee Computer Store 
6916 W. North Ave. 

Milwaukee, Wi. 53213 
(414) 259-9140 
FOREIGN 
Computer Resources 
Chaussee de Charieroi, 80 
1060 Brussels, Belgium 
SDS Technical Devices, Ltd. 

1138 Main St. 

Winnipeg, Man. R2W 3F3 Canada 
(204) 589-4803 

The Entryphone Co., Ltd. 

172 Ifield Rd. 

London SW 10 9AG, England 
01-373-8571 




Louis /. Hutton K7YZZ 
12235S.E. 62nd St. 
Bellevue VIA 98006 


A Ham’s Computer 


CW/RTTY the easy way 


F or several years I have 
experimented with, 
built, and operated different 
items of SSTV equipment. 
From that experience I tried 
my hand at building an all 
solid state RTTY TVT which 
was recently described in 73 
Magazine,' In monitoring 
ham RTTY transmissions on 
the West Coast, it was noted 
that the subject of microcom¬ 
puters and their application 



to ham radio was being 
discussed in increasing fre¬ 
quency. My curiosity was 
aroused about this new 
development in ham radio. 

I was fortunate in being 
able to visit Dr. Robert 
Suding W0LMD several times 
during business trips, and 
observed the development of 
the microcomputer that is 
now marketed by The Digital 
Group of Denver, Colorado. 2 


For my “hands-on" experi¬ 
ments in microcomputers, I 
purchased their type 
8080-4BD kit. I feel that I 
was probably like other hams 
and did not have the slightest 
notion of how this thing 
worked, but figured to just 
jump in and have a go at it. I 
must say it has been a very 
interesting project. I am 
slowly learning to live with 
the new system and to use it 


in some practical applica- 


System Description 

The 8080-4BD system as 
shown in the block diagram 
consists of several PC boards 
and the components that 
must be mounted on the 
boards. This includes the 
standard mother board, a 
CPU board with 2K of 
memory, an 8K memory 
board using 2102 ICs, a video 
display and cassette interface 
board, and a 4-port parallel 
I/O board. 3 The mother 
board will accommodate two 
more 8K memory boards and 
three more 4-port I/O boards. 
Low profile sockets are used 
for mounting all ICs. An un¬ 
mounted surplus keyboard 
with ASCII encoded output 
was also purchased from The 
Digital Group. 

A 12 inch transistorized 
black and white TV set was 
used for the video display. 
The display consists of 16 
lines of 32 characters per line. 
For the cassette “Read" and 
“Write" modes, I use a Super- 
scope Model C-104 as recom¬ 
mended in the technical 
literature that accompanies 
the kit. Power supplies in 
both kit and assembled form 
are available from The Digital 
Group, but I chose to build 
my own. The cabinet for the 
mother board, PC boards and 
power supply was salvaged 
from an old obsolete tube 
transmitter. I also fabricated 
a cabinet for the keyboard 
assembly. The TV set was 
modified to accept video 
input from the computer. 

Included in the parts from 
The Digital Group is a pre¬ 
recorded tape cassette that is 
used to initialize the system 
and to test out the memory 
card. It also has a game pro¬ 
gram, a program to make the 
unit act as a digital counter, a 
bicentennial demonstration 
program, and a ham CW and 
RTTY program. The bicen¬ 
tennial program on the tape 
prints an American flag on 
the TV screen to the accom¬ 
paniment of The Star- 
Spangled Banner. As Dr. 








Suding says, "So what else 
would you expect in 1976?" 

Assembly of the System 
It is stressed in the data 
furnished with the kit that 
the builder should have some 
experience in building elec¬ 
tronic equipment other than 
assembling detailed kits from 
Benton Harbor. The data 
does not give that kind of 
step-by-step instructions. The 
quality of the PC boards is 
first class, with gold-plated 
connector contacts and 
double-sided boards with 
through-plated holes. General 
instructions on how to 
assemble each PC board are 
given, with a description of 
how the circuit works. A 
schematic diagram is 
furnished for each board, 

along with a general parts holes in the mother board, added to protect all those before the set began to 

layout for that particular The next bug was that a expensive ICs on the memory display the signal on the 

board. Testing and trouble- portion of the dot structure and CPU card. Discussions screen at an acceptable 

shooting information is also was missing in the characters with Dr. Suding indicated brightness and contrast level, 

furnished in the data package, being displayed. This was that anything less than The builder should not use a 

In assembling my system, I found to be caused by a 50,000 uF in the 5 volt TV set that does not have a 

discovered one board that defective Motorola (MCM power supply filter might power transformer providing 

was missing all the bypass 6571L) character generator lead to unwanted noise prob- power line isolation. Be sure 

capacitors. They were imme- chip which was promptly lems. I located just what was that the set does not have a 

diately replaced when The replaced (once again) by The needed in a local surplus store “hot” chassis with series 

Digital Group was advised of Digital Group. The last bug and ended up with a 55,000 string heater tubes. That type 

the shortage. Another board was that the encoder chip (Tl uF unit. will really fry the ICs in a 

had one low cost 1C missing TMS-5000) in the keyboard The cabinet for the computer, 

which I replaced from my had to be replaced (as one computer is 1 9>Vi inches wide I found that when playing 
junk box. Another board had row of keys was dead). With by 9 inches high by 12 inches the cassette into the corn- 

one extra 1C in the kit. After those bugs out of the way the deep. I cut two large square puter I could not monitor the 

the unit was finally assembled system worked as designed, holes in the top and riveted in audio signal, so I modified 
and ready to test, I ran into The power supply shown a perforated grille for better the recorder by adding a 100 

several bugs. The characters in the diagram was home- circulation of cooling air. A 4 Ohm resistor across the 

on the video monitor were made, and provides all the inch fan is mounted on the output jack switch contacts 

not complete, and it looked voltages required at the compartment divider bulk- so that the speaker was in the 

more like a foreign language specified current loads. I had head between the power circuit even when an audio 

than English. I found, after to salvage an old 6.3 volt 20 supply compartment and the line plug was connected to 

consultation with Dr. Suding, Amp transformer and rewind PC board compartment. The the recorder output. Itiscon- 

that I had a bit missing on the it with a new secondary for air is directed over those venient to monitor the mark 

data lines going into the video the high current 5 volt load, warm memory chips. I have frequency tone as the pro¬ 
board. This was determined A second winding was also had no problems with over- gram playback begins and 

to be caused by a lack of added for the +12 volt line, heated ICs. The MPC-1000 5 ends, 

through-plating in one of the The crowbar circuit was volt 10 Amp regulator is 

mounted on a very large heat Initial Test 

sink on the back bulkhead, When power is applied to 
out in the open air. This way the system there should 
it does not dump its heat into appear on the top of the TV 
the unit. screen “Read 8080 

The 12 inch TV set was INITIALIZE Cassette.” If 
modified as per a TV type- this message appears, all is 
writer article in BYTE Maga- well. The first program on the 
zine. A The level of the audio cassette furnished with 
video signal from the com- the kit is loaded in the re- 
puter was more than the TV corder. At the start of the 
Fig. 1. Block diagram of microcomputer system at K7YZZ. set could handle, and re- mark frequency tone the 
*ltems basic to the 8080-4BD kit. quired additional line loading "Reset” button on the com- 
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puter is depressed for a 
moment. The computer then 
begins to accept the digital 
data recorded on the tape. As 
the data is loaded into the 
computer, the TV screen will 
display lines of a running 
series of numbers beginning 
with 1 through 7, and back to 
0 through 7, until the pro¬ 
gram is loaded. This 
represents each page of pro¬ 
gram data being loaded into 
memory. At the end of the 
program tape, the mark tone 
will return and the screen will 
display "8080 OP SYSTEM” 
and the options. Selecting 
item 4 of this listing (hit key 
4) will permit the operator to 


begin generating a program 
from the keyboard beginning 
at page 6. Program develop¬ 
ment using this tape will be in 
the octal code format. Other 
prerecorded programs on the 
tape, such as the “Memory 
Check,” are used to deter¬ 
mine if all of the memory ICs 
are OK. The tape for that 
program is loaded and key 6 
is depressed. The TV screen 
goes blank until all the 
memory chips are tested. 
Then, if all is OK, an alpha 
sign appears in the upper left 
hand corner of the screen and 
another run is automatically 
begun. Each successful test 
provides another alpha figure 


on the screen. For the 2K 
memory the check time is 
just a few seconds; for the 
10K memory it takes about a 
minute to run the test. If a 
defective memory 1C is 
located, it will stop the test 
and print on the TV screen 
which 1C is defective and on 
which circuit board the 1C is 
located. This really works, as 
I tried some known bum 
chips and it located them 
very promptly. 

At first I was very appre¬ 
hensive about pushing that 
"RESET” button, or switch¬ 
ing off the power to clear the 
memory for a new program 
entry, but after a while I 


found that it did not damage 
the machine. I became more 
confident of the machine and 
its operation. 

Operation 

The Digital Group has 
established a branch called 
The Digital Group Software 
Systems, which supplies 
cassettes of games and other 
items, such as a Tiny BASIC 
Extended. 5 I obtained all the 
games (that are available to 
date), including the Tiny 
BASIC Extended. Most of the 
games are written in Tiny 
BASIC and must have the 
Tiny BASIC program loaded 
in the computer before they 
can be played. The machine is 
turned on, and when the 
initialization statement 
appears on the TV screen the 
Tiny BASIC tape is loaded. 
Then the selected game tape 
is loaded by keying 1 on the 
keyboard when the mark 
tone appears at the beginning 
of the tape. 

The blackjack game is fun 
to play, and some of the 
locally trained (Las Vegas) 
experts tell me it is a very 
well written program. It has 
all of the game’s rules well 
executed. I condensed all of 
my games onto two tapes. 1 
recorded the Tiny BASIC 
program at the beginning of 
each tape and then recorded 
around 10 to 12 games on 
each tape. There is still plenty 
of tape left for additional 
games. The magnetic tape 
cassettes are of the 30 to 46 







modification. 


minute type. Longer tapes are 
too thin to make good re¬ 
cordings of digital data. 

A new ham cassette is in 
the works at The Digital 
Group Software 
Systems 6 and will have 
expanded capability for both 
sending and receiving CW and 
RTTY (with up to 8 storage 
slots of 100 characters each). 

I have had some success at 
trying to program some 
games using the Tiny BASIC 
Extended. (Incidentally, the 
Tiny BASIC Extended does 
not have floating decimal or 
square root math capability.) 

I feel that these programming 
efforts have been the most 
informative and effective way 
to learn just what you can 
and cannot do with the 
machine. Also, you can be 
sure that it will tell the oper¬ 
ator when he has goofed, in 
no uncertain terms. 

Conclusions 

The construction of the 
microcomputer turned out to 
be no more difficult than 


most SSTV construction 
projects. The biggest problem 
is acquiring an understanding 
of the machine and learning 
the Tiny BASIC Extended 
language. Computer terminol¬ 
ogy is almost like listening to 
a foreign language. I can 
assure the reader that after 
continued exposure to this 
new technology the terms 
and functions will begin to 
make sense. I should also like 
to warn the reader that this 
machine is addictive. You will 
find yourself sitting in front 
of that keyboard for hours 
trying out first one thing, 
then another. It is absolutely 
fascinating. Try it, and see for 
yourself. ■ 
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What’s All This 
LSI Bunk? 


- - an ostrich’s eye view 
of the microprocessor 





piece of silicon less than a LSI technology uses masking 

quarter of an inch square; this processes which we can corn- 

number has doubled each pare to those used in photo¬ 
year for the last ten years and graphy. The manufacturing 

is likely to continue doing so cost of MOS LSI devices, like 

for the next ten years. LSI the developing costs of 

has already led to the elec- photog-aphs, is relatively 

tronic calculator and the elec- independent of the amount 

tronic watch. In the early of detail involved. The cost of 
1970's, semiconductor manu- developing a picture with a 
facturers found it possible to million precise details is the 
place circuitry that would same, in terms of paper and 
perform all the functions of chemicals, as the cost of 
the central processing unit developing a picture taken 
(CPU) of a computer on one without removing the lens 
or a few chips. We call such cap. Of course, the more 
computers on a chip micro- detailed photograph requires 
processors. Fig. 3 is a photo- a better camera, more atten- 
micrograph of the Motorola tion to layout, and greater 
6800, one of the most popu- photographic skill; it is also 
lar microprocessors; note the less likely to turn out cor- 
tremendous amount of detail rectly. The production of 
present in a device with an complex MOS LSI chips is 
area of less than one twenty- similar to the development of 
fifth of a square inch. Almost detailed photographs. Since 
two years of work goes into the production cost of a com- 
the design and testing of such plex chip is not markedly 
a device; however, once different from that of a 
designed, the chips can be simple chip, the more that 
produced at the rate of can be placed on a single 
thousands per hour for a chip, the cheaper the overall 
manufacturing cost of a few system will be. Such a single- 
cents apiece. chip system will require fewer 

packages and connectors, less 
A Brief Historical Perspective power, less labor, and a 
The main reason for the smaller amount of other sup- 
low price of hobby com- porting circuitry and equip- 
puters is the use of micro- ment. LSI thus results in 
processors. A microprocessor lowe r total cost if we can use 
will fetch instructions from the same LSI devices over and 
memory and decode them, over again. LSI-based systems 
accept data from memory or will also be smaller, cheaper 
outside sources, perform to run, and more reliable, 
arithmetic or logical opera- MOS LSI techniques were 
tions and save the results in first used to create compact, 
memory or send them to low power memories. In the 
external displays or other late 1960's, these techniques 
devices. A microprocessor were used to create electronic 
will thus do everything that a calculators; the first such 
large central processor will devices were multi-chip 
do, even those which are the systems which retailed for 
heart of enormous computers several hundred dollars but 
like the IBM 370, Burroughs could do little more than 
6700, or Control Data 7600. today's $10.00 or $15.00 
Yet the microprocessor is devices. Remember that just 
built on one or a few chips of ten years ago the large 
silicon and costs only $10 to mechanical calculator and the 
$100. slide rule were the state of 

The microprocessor is an the art. In the early 1970’s, 
outgrowth of MOS LSI tech- the quickly changing calcula- 
nology. MOS, metal oxide tor market made semicon- 
semiconductor, is the name ductor manufacturers look 
for a device fabrication for new ways to produce 
process which allows very more general and more flex- 
complex devices to be placed ible devices which could be 
on a single chip. The MOS produced in large volumes 


Manufacturer Microprocessor Used 

The Digital Group Intel 8080, Zilog Z80, Motorola 

Denver, Colo. 6800, & MOS Tech 6502 

E and L Instruments Intel 8080 

Derby, Conn. 

EBKA Industries Inc. MOS Technology 6502 

Oklahoma City, Okla. 

Electronics Product Associates, Inc. Motorola 6800 
San Diego, Calif. 

Gnat Computers Intel 8080 

San Diego, Calif. 

IMS Associates Intel 8080 

San Leandro, Calif. 

Infinite Inc. RCA COSMAC 

Cape Canaveral, Fla. 

Martin Research Intel 8080 

Northbrook. III. 

MITS Intel 8080 

Albuquerque, New Mex. Motorola 6800 

MOS Technology MOS Technology 6502 

Norristown, Pa. 

Mycro-Tek Intel 8080 

Wichita, Kan. 

Ohio Scientific Instruments MOS Technology 6502 

Hiram, Ohio Motorola 6800 

Pehaco Corp. MOS Technology 6502 

Los Altos, Calif. 

PCM Corp. Intersil 6100 

San Ramon, Calif. 

Polymorphic Systems Intel 8080 

Goleta, Calif. 

RCA RCA COSMAC 

Somerville, N.J. 

Southwest Technical Products Motorola 6800 

San Antonio, Texas 

Sphere Corp. Motorola 6800 

Bountiful, Utah 

Wave Mate Motorola 6800 

Gardena, Calif. 

Table 1. Manufacturers of educational and hobby microcom¬ 
puters. Note: Many of the largest manufacturers of micro¬ 
processors and microcomputers are not included in this list 
because their products are intended for industrial applications. 

and yet could be modified by common use which are a 

the calculator manufacturers hundred times as powerful as 

to meet new or custom re- the early 4004 and 8008; 

quirements. such processors can do more 

The first microprocessor, than could large computers of 

the Intel 4004, was developed 15 years ago which cost (in 

for a calculator manufacturer, uninflated money) over 

Although it was designed $100,000.00. Nor have we 

primarily for the calculator yet come close to reaching 

market, it was programmable; the limits of microprocessor 

its actual functions could be performance; many of 

changed by the calculator today’s limitations will 

manufacturer rather than disappear as manufacturers 

being fixed by the semicon- continue to produce more 

ductor manufacturer. The complex LSI chips, 

power of the microprocessor 

and its advantages over hard- A Microprocessor Survey 
wired design soon became Let’s take a look at some 
evident to other industries, of the existing microproces- 

The first 8 bit microprocessor sors from the hobbyist’s 

(the Intel 8008), directed point of view. We will pay 

largely toward manufacturers particular attention to those 

of computer terminals, was microprocessors which are 

introduced in 1971. widely used as central 

The complete history of processing units in hobby 

the microprocessor is thus computers, 

only five years long. Already, Current microprocessors 
though, processors are in can be divided into three 

85 M 




Fig. 2. LSI developments ; 

basic categories: of computing power that can 

(1) Calculator-like be purchased as a single unit, 

processors Complete systems based on 

(2) Standard, self-con- these devices cost only $5 to 

tained processors with a $30 in large quantities. They 

fixed instruction set are used mainly in applica- 

(3) Bit-sliced proces- tions requiring low cost, low 

sors and others with a speed, and relatively limited 

user-defined instruction processing power. Such 

set microprocessors are most 

The three categories include a often found in large volume 
wide range of computing applications as simple con- 

power, speed, price, and trollers for systems whose 

application areas. Category 2 speed is limited by human 

contains all of the micro- interaction or slow mechani- 

processors used in hobby cal devices. These processors 

computers. Therefore, we will generally have very short 

briefly describe categories 1 word lengths (most can only 

and 3 and focus our attention handle 4 bits at a time) and 

on category 2. are thus unsuited to systems 

Category 1, the calcu- requiring complex calcula- 

lator-like processors, contains tions, high data rates, or great 

the simplest and cheapest accuracy. Although these 

devices. Typical processors in simple processors do not 

this category are the Intel attract much attention from 

4004 and 4040, Rockwell writers or researchers, they 

PPS-4, Texas Instruments are still probably the most 

TMS-1000, American Micro- widely used in terms of 

Systems 9209, and National volume because of their low 

SC/MP. Many of these cost, 

devices are much like calcu- We should note that com- 
lators; they are often puter speed is relative. We 

specially designed or have often call a computer slow if 

special instructions to handle it can only execute 100,000 

keyboards and lighted dis- instructions a second! A large 

plays and to perform simple computer may be able to 

decimal arithmetic. However, execute 10,000,000 instruc- 

these microprocessors are tions in that same time but 

user-programmable (unlike the “slow" computer still 

calculator chips) and can be seems to work at lightning 

used in a wide variety of speed to the average observer, 

applications. Besides ad- Category 3, the bit-sliced 
vanced calculators, such processors, are largely in¬ 
devices have been used in tended as building blocks for 

character printers, games, special-purpose computing 

household appliances, paper elements. Typical micro¬ 
tape readers, test sets, func- processors in this category are 

tion generators, counters, the National IMP, Intel 3000, 

microfilm readers, tele- Advanced Micro Devices 

phones, tuners, valves, scales, 2900, Monolithic Memories 

cash registers, and time and 6701, Texas Instruments 

attendance terminals. We may SBP0400, and Fairchild 

have hundreds of these Macrologic. Unlike the 

devices in a single store, fac- devices in categories 1 and 2, 

tory, or laboratory. the bit-sliced processors are 

The devices of category 1 not self-contained CPUs, 

represent the smallest amount Rather, they involve a whole 



rom 1966 to the present. 

family of elements including processors among hobbyists 
a 2 or 4-bit processor slice are: 

which the user must combine Intel 8080 (the Intel 8008 is 
to form a CPU. Such a CPU an older, less powerful ver- 
will generally involve 30 to sion) 

50 discrete packages. These The Intel 8080 was the 
microprocessors are thus first device in this category to 
intermediate between the be introduced (in 1973) and 
self-contained CPUs and the is the most widely used CPU 
discrete circuitry that is cur- in hobby computers. It is 
rently used to make large used in the MITS Altair 8800, 
computers. IMSAI 8080, and in similar 

Most of the bit-sliced sets from Martin Research 
processors are much faster and other sources. The Zilog 
than standard micro- Z-80 is an extended version 
processors, but significantly of the Intel 8080 with a 
more expensive and harder to larger, more powerful instruc- 
use. CPUs based on these tion set and other extra 
processors typically cost features. 

$500 to $1500. Typical appli- Motorola 6800 
cations include disk con- The Motorola 6800 is 
trollers, minicomputer CPUs, comparable to the Intel 8080 
test equipment, intelligent in performance (it was first 
terminals, and signal introduced in 1974). It is 
processing equipment. In the used in the MITS Altair 680 
near future, the bit-sliced and other hobby sets from 
processors may become the Southwest Technical Pro¬ 
basis for most minicom- ducts, Sphere, Wave Mate, 
puters. However, the cost and and Ohio Scientific Instru- 
the number of elements re- ments. 
quired for a CPU will have to MOS Technology 6502 
be significantly reduced The MOS Technology 
before such devices can be 6502 is also comparable to 
used in hobby computers. the Intel 8080 and Motorola 
The main category of 6800 in terms of perfor- 
microprocessors with which mance. It was first introduced 
hobbyists are presently con- in 1975 and is used in the 
cerned is category 2, the stan- JOLT hobby computer and 
dard, self-contained proces- others. The MOS Technology 
sors with a fixed instruction 6502 is somewhat cheaper 
set. These processors are than either the Intel 8080 or 
intermediate in performance Motorola 6800, but not as 
between calculators and mini- widely used, 
computers (i.e., between cate- National PACE 
gories 1 and 3). They are The National PACE is 
complete CPUs on one or a slower than any of the pre- 
few chips and require only a viously mentioned processors 
small amount of supporting and somewhat more expen- 
circuitry. Prices range from sive. It will, however, handle 
$20 to $200 in single quan- 16 bits of information at a 
tities (not including memory, time (the others handle 8) 
I/O, or other system require- and has a more powerful 
ments). Most of these devices instruction set. Systems based 
will handle 8 bits of informa- on this processor are available 
tion at a time, although a few from Godbout Electronics 
can handle 16 bits at once, and from Hamilton-Avnet 
The most widely used micro- (the Pacer). 



Intersil 6100 

The Intersil 6100 is a new 
device which executes all the 
instructions of the world’s 
most popular minicomputer, 
Digital Equipment Corpora¬ 
tion’s PDP-8. The advantage 
of the Intersil processor is 
that a tremendous number of 
programs are already available 
for the PDP-8. Systems based 
on this processor can be 
obtained from PCM Corp. or 
Ohio Scientific Instruments. 

Other processors in cate¬ 
gory 2 which may eventually 
be used in hobby computers 
include the Rockwell PPS-8, 
Signetics 2650, RCA CDP 
1802 (COSMAC), Fairchild 
F-8, and General Instrument 
CP-1600. Table 1 contains a 
list of some manufacturers of 
hobby computers and the 
processors they use. A new 
entry in this category is the 
Texas Instruments TMS9900 
which handles 16 bits at a 
time like the National PACE 
but is just as fast as the Intel 
8080 or Motorola 6800. The 
TMS9900 is presently more 
expensive (about $200 in 
single quantities) than the 


other microprocessors men¬ 
tioned above, but offers 
much more processing power. 

Of course, the devices in 
category 2 have found many 
applications besides hobby 
computers. Among the more 
common are monitoring 
systems, line printers, naviga- 
tion systems, business 
machines, test equipment, 
security systems, program¬ 
mable terminals, plotters, 
oscilloscopes, machine tools, 
industrial-control systems, 
message switching units, 
graphics terminals, and 
medical instruments. These 
processors will probably con¬ 
tinue to have the widest 
variety of applications in the 
near future. 

Semiconductor Technologies 

Now let’s examine the 
characteristics of the semi¬ 
conductor technologies from 
which microprocessors are 
produced. The importance of 
particular features will be 
described as well as techno¬ 
logical trends that may be of 
significance to hobbyists. 

The first question that 


must be answered is, "What 
characteristics are desirable in 
a semiconductor tech¬ 
nology?” Some desirable 
characteristics are fairly 
obvious: 

Low cost: If devices from 
a particular technology can 
be produced cheaply, the ulti¬ 
mate cost will be lower. Cost 
depends on the complexity of 
the semiconductor processes 
and on the amount of ex¬ 
perience that has been 
acquired with a particular 
process. We should note that 
semiconductor prices vary 
widely and manufacturers’ 
list prices often don't closely 
follow the actual prices 
charged by distributors or 
supply houses. 

High Density: If more 
complex circuits can be 
placed on a single chip, fewer 
devices will be needed to per¬ 
form useful functions. More 
complex chips are not usually 
much more expensive to man¬ 
ufacture, but require fewer 
packages, fewer connections, 
less board space, and less 
power than a larger number 
of simple chips. 


Low power consumption: 

If the circuits produced from 
a particular technology re¬ 
quire less power, they will 
need smaller power supplies, 
use less energy, and produce 
less heat. Devices that use 
large amounts of power will 
need expensive power 
supplies and special cooling 
mechanisms such as fans or 
air conditioning. 

High speed: If the devices 
run faster, they can simply 
perform more work in a given 
amount of time. 

Even these simple charac¬ 
teristics can't be easily com¬ 
bined - devices that run at 
high speeds usually dissipate a 
lot of power, for instance. 
Technologies that result in 
high speed also typically 
result in low density and rela¬ 
tively high cost. Tradeoffs 
will have to be made. 

Other useful features in a 
technology that may not be 
quite so obvious include: 

Compatibility with stan¬ 
dard TTL circuitry: If devices 
made from a particular tech¬ 
nology can be readily used 
with the standard 7400 series 
TTL integrated circuits, they 
can then be easily and 
cheaply interfaced to 
peripherals and other cir¬ 
cuitry. 

Ruggedness: If devices 
made from a particular tech¬ 
nology are more rugged, they 
will be able to withstand 
temperature variations, 
moisture, power surges, noise, 
and shock. Devices that are 
vulnerable to various condi¬ 
tions will have to be pro¬ 
tected by means of special 
circuitry or packaging. 

Wide availability and 
support: Technologies that 
are produced by many 
suppliers and heavily sup¬ 
ported will have more parts 
available, more compatible 
devices, and lower prices. 
Such a technology is likely to 
continue in use for many 

Standard parts and large 
memories in the same or com¬ 
patible technologies: Tech¬ 
nologies that have such 
devices will be relatively easy 
to use in complete computer 


















systems. 

Microprocessors are cur¬ 
rently available in six 
different technologies: 

PMOS (P-Channel Metal 
Oxide Semiconductor): the 
oldest MOS technology; high 
density and low cost but rela¬ 
tively low speed; not TTL 
compatible. 

NMOS (N-Channel Metal 
Oxide Semiconductor): the 
present state of the art MOS 
technology; high density and 
moderate cost and speed; can 
be made TTL compatible. 

CMOS (Complementary 
Metal Oxide Semiconductor): 
a technology widely used 
when low power consump¬ 
tion and high noise immunity 
are needed; medium - in 
density, cost, and speed; can 
be made TTL compatible. 

Schottky TTL (Schottky 
Transistor-Transistor Logic): 
a variation of standard TTL 
that offers high speed, but 
high power consumption and 
Cost and low density; fully 
compatible with standard 
TTL. 

ECL (Emitter-Coupled 
Logic): A very fast tech¬ 
nology that is very expensive 
and consumes a large amount 
of power; not compatible 
with TTL. 

I?L (Integrated-Injection 
Logic): a new technology 
that may ultimately combine 
the speed of TTL with the 
density of MOS. 

A comparison of these 
technologies is shown in 
Table 2 . Clearly, PMOS and 
NMOS rank highest in the 
important categories of cost 
and density, CMOS ranks 



Table 2 Comparison of semiconductor technologies. 


highest in ruggedness and 
lowest in power consump¬ 
tion, ECL is the fastest, while 
Schottky TTL is the easiest 
to interface. 

At the present time, 
NMOS seems to have the 
most desirable combination 
of characteristics. It is rela¬ 
tively cheap, very dense, con¬ 
sumes little power, can be 
made compatible with stan¬ 
dard TTL circuitry, and has a 
family of large compatible 
memories. NMOS can be used 
to make single-chip micro¬ 
processors which run at 
reasonable speeds. Such com¬ 
monly used microprocessors 
as the Intel 8080, Motorola 
6800, MOS Technology 
6502, and Fairchild F-8 are 
made from the NMOS 
process. 

Furthermore, new 
developments in the NMOS 
technology should lead to 
considerable improvements. 
NMOS memories (like the 
Intel 2115) are now available 
that are as fast as memories 


made from Schottky TTL. 
The maximum size of the 
chips that can be produced 
from NMOS has also been 
increased. New NMOS 
processes have been intro¬ 
duced that can be easily inter¬ 
faced with standard TTL cir¬ 
cuitry and can use standard 
TTL power supplies. Signifi¬ 
cantly increased performance 
can be expected in the next 
few years from NMOS micro¬ 
processors. 

As for the other tech¬ 
nologies, the ones that will 
probably be the most inter¬ 
esting to hobbyists are CMOS 
and |2 l. Only a few proces¬ 
sors (most notably the RCA 
COSMAC and Intersil 6100) 
are presently available in 
these technologies, but none 
has been widely used in 
hobby computers. However, 
single-chip microprocessors 
would appear to be possible 
in both technologies at rela¬ 
tively low prices. Such 
processors would not only be 
faster than NMOS processors, 


but would also use substan¬ 
tially less power and would 
be much more rugged. Micro- 
processors and large 
memories in these technolo¬ 
gies may become available to 
hobbyists in the next few 
years. ■ 
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Fig. 1. Organization of the “data bank." Each file is stored on an individual cassette. 


The Soft Art 

of Programming 


-- part Hi 


(Here's the final install¬ 
ment of Rich Didday's series 
on BASIC programming. The 
article is written around a 
record-keeping program for 
computer dub members . .. 
but the concepts presented 
will be applicable in many 
other areas as well. For the 
beginner, a lot can be learned 
from reading and analyzing 
the program — which holds 
true for experienced program¬ 


mers, too. I'd like to invite 
you readers who sit down and 
develop the machine language 
routines for cassette read and 
write to submit them for 
publication. OK? — Ed.) 

What we've been doing: in 
Part / we went over ways of 
learning the individual ele¬ 
ments of the programming 
language BASIC, emphasizing 
that good programming 
involves planning things out 


long before you ever write 
any statements in BASIC 
(programming is a lot more 
than just coding). We played 
around. We had fun. 

In Part II we began to put 
together sequences of com¬ 
puter instructions (BASIC 
statements) in order to carry 
out a substantial, useful task 
— namely, the record-keeping 
requirements of our com¬ 
puter dub. We saw ways of 


using arrays, ways of 
estimating how much 
memory our program would 
need for data storage, ways of 
cutting down on memory 
usage. We got frustrated. 

In this, the concluding 
part, well finish the record¬ 
keeping program by pulling 
together the ideas we laid out 
last time, with some major 
improvements. We'll 
emphasize the notion of 


developing our program part 
by part, keeping the user's 
convenience and our overall 
objectives clearly in mind. 
We'll be satisfied , ready to go 
onward and upward. 

A t last! We’re finally 
ready to finish our 
record-keeping program. 
Before plunging into the 
details of the finished pro¬ 
gram, let’s be sure we have 
the big picture firmly in 
mind. 

Fig. 1 shows the organiza¬ 
tion of our "data bank.” 
There is a record for each 
member. Each record consists 
of six fields which store 
specific information about 
that member. A file consists 
of some number of records, 
the only restriction being that 
the number of records on a 
given file can be no more 
than will fit in memory at 
once. We’ll store each file on 
a separate cassette tape, so 
we'll use the terms file, tape, 
and tape file pretty much 
interchangeably. In addition 
to the tapes storing member¬ 
ship records, there is one 
more which stores a directory 
which we'll use to enable our 
program to decide which tape 
file it needs to find a specific 
member's record. The direc¬ 
tory tape together with the 
membership record tape files 
make up the library. 

Our program must 
initialize and maintain the 
library, calling for and re¬ 
writing tape files as the need 
arises (based on the com¬ 
mands the user gives at the 
terminal). The four com¬ 
mands ADD, DELETE, LIST, 
and END seem sufficient for 
our needs. Fig. 2 describes 
each command and shows the 
basic structure of the pro¬ 
gram. 

So far, the only difference 
from last month’s plan is the 
inclusion of a directory. It is 
a big difference, though, 
because the directory, 
coupled with a more reason¬ 
able way of organizing the 
records (namely, keeping 
them in alphabetical order 
instead of in no order like last 


time), will make the system 
much more convenient to 
use. For now, let’s follow 
through in a “top-down" way 
and code the main structure 
of the program, the part 
shown in the flow chart in 
Fig. 2. We'll leave the details 
for subroutines which we'll 
work out one by one. This 
general strategy is sometimes 
called “top-down program¬ 
ming” and sometimes 
"modular programming.’’ The 
idea is that by breaking the 
problem down into manage¬ 
able chunks, you're less likely 
to get confused, and more 
likely to keep all your objec¬ 
tives in mind as you go. 

The Main Program 

The main program begins 
by declaring the arrays to 
store membership records 
(exactly the same as last 


time) and the arrays which 
hold information about each 
file (i.e., the directory infor¬ 
mation). The next step is to 
initialize a number of the 
variables which we’ll use to 
minimize the number of tape 
operations required. Also, 
there is a variable which 
you'll have to tailor to your 
own system: Rl, which tells 
how many records can fit in 
memory at once. 

The next thing the pro¬ 
gram does is determine how 
to initialize the directory 
information. If this is the first 
use of the system ever, there 
is no directory tape yet, so 
the program fills zeros into 
the appropriate parts of the 
directory, and gets ready to 
start creating the first file 
(which will eventually be 
stored on cassette tape num¬ 
ber 1). If, on the other hand, 


the system has been used 
before, there will be a tape 
with the directory informa¬ 
tion on it, and the program 
requests the user to mount it 
and read it in. 

Next, the program offers 
to print a summary of the 
available commands (that's 
handled by the subroutine 
which starts at statement 
3000, which we’ll get to 
soon). 

Finally, the program 
enters the main loop (starting 
at statement 2000) which 
asks for a COMMAND, inter¬ 
prets it, and carries it out. 
The program segment for the 
END command begins at 
statement 2040, the code for 
the LIST command begins at 
2200, the ADD at 2450, and 
the DELETE at 2570. If the 
user types in an invalid com¬ 
mand, control passes to state- 




G°D 


Command Action Taken 

END End of run. If the file currently in memory has been altered in any uvay. 

write it out to its cassette tape. If the directory has been altered, write it 



ADD 


DELETE 

LIST 


Insert a new record. Ask for the new member's name, figure out what file 
it goes on. If that file isn't in memory, get it. Get the rest of the member 
information and insert the new record in alphabetical order. 

Remove a record from the library. For safety's sake, print the whole record 
and ask again before deleting it. 

Generate a mailing list. Go through the entire library, starting with tape file 
1, printing names and addresses of appropriate members. 


Fig. 2. Basic structure of the record-keeping program with each command described. 
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ment 2750. 

The statements which 
handle the commands make 
frequent use of subroutines 
to carry out the details. As 
you go over the statements, 
keep referring to the flow 
chart in Fig. 2 to see how 
things fit into the overall 
scheme. Incidentally, even if 
you have no plans whatsoever 
to implement this program on 
your own machine, you’ll 
learn a lot by making sure 
you see how the program 
works, and by trying to redo 
parts of it in different ways, 
seeing if you can make it 
cleaner and more useful. (I’m 
happy with it the way it is, 
but everyone’s taste and 
specific needs differ.) 




The Command Summary 
Subroutine 

The subroutine which 
begins at statement 3000 
simply prints a summary of 
the available commands. 
Depending on your taste, it 
could be made more exten¬ 
sive, and include such details 
as how to load and start your 
cassette tape equipment, how 
to store the tape files, and so 
on. On the other hand, if 
your system will be used only 
by people who are very 
familiar with it, the sub¬ 
routine could be shortened. 



One difference from last 
month’s scheme is that 
there’s no longer an UPDATE 
command for altering a mem¬ 
ber’s record. Since we’re now 
keeping the records in alpha¬ 
betical order, the UPDATE 
command isn’t as simple as 
before — if the spelling of the 
member name changes, the 
program would have to 



remove the old record and 
insert the changed version of 
it in the proper place. It 
seemed simpler to me to just 
provide a DELETE command 
and let the user do updates 
with it. Again, it’s a matter of 
taste. If you feel that you’d 
rather have an UPDATE com¬ 
mand, or you’d like to add 
some other command, the 
way the main program is 
organized makes it easy to do 
so. For example, suppose you 
want to add a command 
called PRINT which asks for 
a member’s name and then 
prints the corresponding 
record. All you'd have to do 
is insert an appropriate test at 
statement 2750, insert the 
appropriate statements at 
that point, and shift the state¬ 
ments which handle illegal 
commands down to the end, 
like this: 



The Get Name, File, and 
Location Subroutine 

This subroutine performs a 
fairly simple task concep¬ 
tually - namely, getting a 
member's name from the user 
and then finding where it 
goes. However, since the right 
file may not be in memory, it 
can take a fair amount of 
thrashing around to accom¬ 
plish this task. 

Getting the member's 
name is easy, but how do we 
use the directory to discover 
which file that member’s 
record should be on? The 
F$( ) part of the directory 
gives the first member on 
each file. We begin by con¬ 
sidering file number 1 (the 
variable T2 stores the number 
of the tape file we’re con¬ 
sidering). If there is only one 
tape file, then we're done - 
the member must go on file 
1, If there are more, we get to 
line 4080. If the name we 
seek comes before the first 
name on file 2, we're done - 
again, the member must go 
on file 1. If on the other 
hand, the name we seek 



















comes after the first name on 
file 2, the test in line 4080 
fails, and we add one to T2 
and go through the process 
again. Eventually, either we 
come to the last tape file (and 
the test in line 4070 
succeeds), or else we find that 
the name goes before the first 
name on file T2+1 (and the 
test in line 4080 succeeds). In 
either case, when we exit to 
line 4110, we know that the 
member belongs on file T2. 

Next, the routine checks 
to see if the right file is 
already in memory (line 
4120), and if not, we flush 
out whatever file is in 
memory (using the flush sub¬ 
routine which begins at state¬ 
ment 7000) and request the 
proper file (using the tape 
read subroutine - line 6000). 
At last we have the right file 
in memory and we can call 
the search subroutine (line 
5000) to determine where the 
record goes in the file. 



Binary Search Subroutine 

The next subroutine is a 
key one. It's the subroutine 
that searches the records in 
memory for a particular 
member’s name (stored in 
P$). It's different from last 
time because now we’re 
storing the records in alpha¬ 
betical order of the members’ 
names. The main reason we’re 
doing that is to minimize the 
number of tape operations 
the user has to do. However, 
there’s an added benefit. Our 
program will be able to look 
up records much faster than 
before. Why's that? 

Imagine how horrible it 
would be if the phone com¬ 
pany listed people in their 
phone directory in the order 
in which they signed up for 
phones! My phone book has 
about 72,000 listings in the 
white pages. Even if I could 
look at 5 entries per second, 



Fig. 3. The binary search procedure. 
the flow chart in Fig. 3 with 


it would take two hours to 
find a number, on the 
average. (That’s assuming I 
didn’t go bananas first.) Of 
course, the phone company 
has had the good sense to put 
the listings in alphabetical 
order, and we all know how 
to use that fact to enable us 
to find a number in a few 
seconds. Quite a difference. 

It's easy to see why having 
the entries in alphabetical 
order is such a big deal. If 
they're not, when I look at an 
entry and it turns out not to 
be the right one, I’ve elim¬ 
inated just that one possi¬ 
bility. On the other hand, if 
they are in order, and I look 
at an entry near the middle of 
the phone book, if it’s not 
the right one, I can eliminate 
36,000 entries from further 
consideration by checking 
whether the name I want 
comes before or after the one 
I just looked at. 

It's all very well to imagine 
looking up numbers in the 
phone book — now we have 
to devise a computer program 
that mimics what we do. The 
key idea seems to be that as 
we go along, we keep nar¬ 
rowing down the region of 
the phone book in which the 
entry must lie. Let’s use two 
variables, one called L (for 
Low) which stores an array 
subscript value which we 
know to be lower than the 
position of the name we seek, 
and one called H (for High) 
that stores a value which is 
higher than the subscript of 
the desired element. Then, 
each time through the loop, 
we'll look at the array 
position midway between L 
and H. If it’s the name we’re 
looking for, we’re done. If 
the name comes earlier than 
the one we just looked at, 
we'll adjust H. If it comes 
later, we adjust L. If L and H 
squeeze together before we’ve 
found the name we want, 
that means that the name 
wasn’t in the array at all, but 
that it should be at location 
H. Since each step of this 
procedure can eliminate half 
of the remaining possibilities, 
it’s called a binary search 
procedure. Follow through 


few examples to get a feeling 
for how it works. 



Read Tape Subroutine 

This subroutine is fairly 
simple, but parts of it depend 
on the details of your cassette 
tape interface. I've assumed 
that on your system, you can 
“fool” the BASIC interpreter 
into accepting input values 
from tape through INPUT 
statements. On our system, 
we dig into the interpreter 
code and change the I/O port 
specification used by the 
routine that handles terminal 
I/O. After the desired values 
have been read in from the 
tape, we switch it back so 
that further INPUTS come 
from the terminal. 

The sequence of state¬ 
ments from 6080 to 6140 
may look a little weird unless 
you recall that every time 
BASIC comes to a comma in 


the input, it assumes that’s 
the end of the value, so that, 
for example, the comma after 
the member's last name 
divides the entire member’s 
name into two separate 
strings. 



Flush Current File Subrou- 

If the file that’s currently 
in memory hasn’t been 
changed in any way, T1 will 
equal 0, and we get away 
with doing nothing (and the 
user can just rewind the tape 
and put it away without 
waiting for the file to be 
rewritten). If it has been 
altered, we copy the new 
version back to cassette tape 
for storage using the tape 
write subroutine. "S2” is a 
parameter which tells the 
tape write subroutine where 
to start from in memory. In 
the “flush” operation, we 
want to write the entire file, 
so we set S2=0. 
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Tape Write Subroutine 

Like the tape read subrou¬ 
tine, this one is simple con¬ 
ceptually, but depends on 
your ability to write a 
machine language program to 
“fool” the BASIC interpreter. 
In this case, we want to make 
the output from a PRINT 
statement go to the tape 
machine instead of the 
terminal. If that’s hopelessly 
messy on your system, you 
may wind up having to write 
a machine language routine to 
handle all the details of 
memory-to-tape operations. 
Maybe someday there’ll be 
standards adopted and 
accepted so we don't have to 
keep “reinventing the wheel” 
everytime we want to do I/O! 



Insert New Record Subrou¬ 
tine 

This subroutine is used to 
carry out the ADD command. 
It, like the search routine, is 
more complex than last time 
because we now want the 
records to be in alphabetical 
order. If you look back at the 
main program, you'll see that 
this subroutine is called after 
we’re sure the right tape file 
is in memory, and after we’ve 
determined where the new 
record should go in that file 
(the binary search routine 
returns the location in 
memory cell “I"). In order to 
keep the records in order, we 
have to shift some of the 
records already in the file to 
make room for the new 
entry. 

The old adage “you don't 
get something for nothing” 
applies here. Although 
keeping the records in order 
lets us look things up faster, 
it makes inserting a new 
record slower. With last 
month's scheme, we just 
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stuck the new records in the 
next unused location in the 
arrays. Now we have to move 
records (half of them on the 
average) to make room for 
the new record. The time 
difference will be barely 
noticeable compared to the 
tremendous savings we make 
by eliminating tape read oper¬ 
ations, so we’re still miles 
ahead with our new scheme. 

After adding a new record, 
we need to change the direc¬ 
tory and, since we've just 
altered the file, we have to 
make sure that T1 is 1 to 
reflect that fact (see lines 
9200 through 9230). 

Before we RETURN, 
there’s one more thing we 
have to check. What if adding 
this record has completely 
filled memory? If so, the next 
ADD command would cause 
the file to overflow. Since R1 
tells how many records are 
allowed on a file, we see if 
we've hit the limit in line 
9260. Remember that G(T) 
tells how many records are on 
file T. If we have, we initiate 
an update operation by 
calling the update subroutine. 



Delete A Record Subroutine 
This subroutine carries out 
the details of the DELETE 
command. It uses the shift 
subroutine to shift all records 
after the one to be deleted, 
updates the directory, and 
notes (by making sure that 
T1 is 1) that the file has been 
altered. 



Shift Subroutine 

This routine does the shift¬ 
ing required by the insert and 
delete subroutines. For some 
reason, it was a real pain in 
the neck to write. It seems 
like such a simple thing to do, 
and now that I've got it work¬ 
ing, it looks so reasonable, 
but ... I wrote it slightly 
differently at first, only to 
find that it blew up the first 
time I did an ADD. The 
problem was that G(T) is 0 
before file T has any records 
on it, and the way I had 
written the stupid thing, it 
tried to access array location 
-1. I’m sure it demonstrates 
some Grand Principle about 
programming, but which one 
I don’t know. Probably some 
variant of Murphy’s Law. 




Update Subroutine 

When repeated ADDs have 
filled up a file, we have to do 
something about it. The most 
reasonable thing to do seems 
to split that file in half and 
make two tape files out of it. 
Why does that seem reason¬ 
able? Another option would 
be to add a new tape file at 
the end of the library, and 
then spread the records from 
all the files out evenly. Since 
that would mean a tremen¬ 
dous number of tape reads 
and writes if the library was 
big, I ruled it out (we don’t 
want people sitting around 
muttering subversive things 
like “Why don’t we up the 
club dues and get a disk?”). 
After I had ruled out the 
second option, I came up 
with another reason for ruling 
it out: If a particular file has 
overflowed, it might be 
because a lot of club mem¬ 
bers have names in the same 
part of the alphabet, so it 
makes more sense to make 
more room right around that 
file than to make a little more 
room throughout the 
alphabet. 

Since the update yields 
two tape files where there 
was one before, and since the 
tape files themselves have to 
be kept in alphabetical order 
for the directory scheme to 
work right, the user has to 











Some Possible Improvements 

One added feature that mould be worthwhile would be for the LIST command to convert the 
member names to the "first middle last" form before printing out the mailing labels. Most people 
would probably rather have their mail addressed to them that way. Your version of BASIC should 
have built-in string manipulation functions which will make it easy to code this flow chart: 



: the last names were the same and the first names have a lot of letters in 
types a name that the program can't find, the program can look for names 
the user wants. If the program manages to find such a name, it should then 
es actually refer to the same person. 

re tight on memory, you'll probably benefit by redoing the part of the 
i to do an update. If you have the program count the number of characters 
file instead of just the number of records, you'll be able to squeeze every last byte out of your 
memory. Hopefully your version of BASIC has a built-in function that computes the length of a string 
(it's called LEN in Altair BASIC), which will help greatly. 


common. Then if the 
that are "close" to th 
ask the user if the two 
One last thing: If 
program that 


renumber all the tapes after 
the one being updated. That’s 
a possible source of error, so 
anyone who is going to have 
access to the system should 
be warned about it. If the 
tape files do happen to get 
out of order, the tape read 
subroutine will catch the 
error (see lines 6190 through 
6220), but it might take a 
number of laborious tape 
reads to get things working 
again. 

The subroutine should be 
pretty easy to follow. It 
copies the second half of the 
file in memory to the new 
tape and then updates the 
directory appropriately. It 
leaves the rest of the old file 
in memory, and since it’s still 
file number T, nothing has to 
be done except to record its 
new (shorter) length in the 
directory (line 12240). 



Using The System 

To use the record-keeping 
program on your system, you 
need to copy the statements 
in the program, fill in the 
calls to machine language sub¬ 
routines to do the cassette 
tape operations, find a good, 
safe place to store the 
cassette tapes which hold the 
directory and files, and let ’er 
rip! Here’s a sample run 
showing some of the features 
(I’ve underlined the parts I 
entered). 




The only things that aren’t 
demonstrated in the sample 
run are the mailing LIST 
option, which prints names 
and addresses (we cut them 
out of the listing and use 


them as address labels), and 
the update operation, which 
happens whenever a file gets 
full. 

So that’s the record¬ 
keeping program. In one 
sense, it’s finished - it works, 
it does what I wanted it to, 
it’s useful. In another sense, 
it’ll never be finished - as it 
gets used, inconvenient 
features come to light; occa¬ 
sionally other ways to 
organize it enter my mind. I 
guess the ultimate record¬ 
keeping program would be 
one that did absolutely every¬ 
thing all by itself, from read¬ 
ing the morning mail, to 
cashing checks, to sending 
notices to people who are 
behind in their dues, to 
keeping me company when 
nobody is around. That one 
will have to wait a while. 

As The Smoke Clears ... 

Well. Wfe’ve covered an 
incredible amount of material 
in these three articles. 
Possibly too much. Certainly 
too much to absorb com¬ 
pletely if you really were 
starting from scratch in Part 
I. But even if it doesn’t all fit 
together for you yet, I hope 
the feeling of what it’s like to 
program got across. The 
feeling that when you 
actually start doing some¬ 
thing, you’re in for a struggle 
at times, some ups and 
downs. The feeling that to 
create a finished product you 
have to keep refining, testing, 
and revising your plans. No 
one has ever written even a 
medium-sized program by 
just sitting down at the 
terminal and pounding out 
lines of BASIC. If that was all 
there was to it, it wouldn’t 
even be much fun. What I 
really like about program¬ 
ming is that it involves many 
apsects of life itself: dream- 
ing, planning, testing, 
bringing your dreams down 
to the hard reality of what 
the machine can do, getting 
the bugs out, refining your 
plans, finally seeing your pro¬ 
gram run, using it, and then 
starting to dream about the 
next grand scheme. It’s 
great! ■ 
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Getting By the Friden-8800 
Communications Gap 


- - interface made easy 


The input and output of 
the controller is RS-232-B 
compatible. In this configura¬ 
tion, the resting, mark, or 
logic 1 condition is more 
positive than +3 vojts and the 
space or logic 0 condition is 
more negative than -3 volts. 
The EIA serial interfaces, 
which are being used by most 
hobbyists, conform to RS- 
232-C specs. This configura¬ 
tion defines the logic 1 condi¬ 
tion as more negative than -3 
volts and the logic 0 con¬ 
dition as more positive than 
+3 volts. Consequently, for 
150 baud serial transmission 
to and from the Friden it is 
necessary to invert the 
polarity of the transmitted 
and received data signals. 

Due to the fact that I have 
a Processor Technology 3P+S 
interface, the parts necessary 
to invert the signals already 
existed on the board (see Fig. 
1). Pin 25 (the “Tx Out" of 
the UART) was connected as 
usual to the appropriate gate 
of ICS, which provides the 
RS-232-C output. The output 
of this gate was connected 
back to the input of a second 
gate of IC5. The output of 
this second gate now pro¬ 
vided the appropriate polarity 
signal for transmission to the 
terminal, i.e., the output 
signal now conformed to 
RS-232-B specs as a result of 


The A ItairjFriden system. The 8800 is sitting next to the Friden TM 20K714 keyboard-printer. 
The TM 2QK 715 controller (without its cover) is visible under the table. 


R ecently, a number of 
Friden keyboard- 
printers and associated con¬ 
trollers have appeared on the 
surplus market. This article is 
concerned with the TM 
20K714 keyboard-printer and 
its companion TM 20K715 
controller, which, in combin¬ 
ation, formed the heart of the 


Burroughs 9350-2 Communi¬ 
cations Terminal. While these 
are certainly impressive 
looking units, hobbyists have 
been experiencing difficulty 
in getting them "on-line” 
with their home computer 
systems. This article describes 
the hardware modifications 
and the software which were 


implemented to overcome the 
communications gap which 
existed between my 8800 and 
the asocial Friden. 

Hardware 

Hardware modifications to 
the 8800 and the Friden’s 
control unit are relatively 
straightforward. 







the additional inversion pro¬ 
vided by the second gate. In 
order to receive data from the 
Friden, two gates of IC10 on 
the 3P+S were similarly cas¬ 
caded. The additional inver¬ 
sion provided by the first gate 
makes the Friden’s RS-232-B 
transmitted signal appear as 
RS-232-C to the second gate. 
The output of this second 
gate is connected to pin 20, 
the "Rev In" of the UART. 

For those of you who have 
other I/O interfaces, all that 
is required is to connect an 
inverter (such as a TTL NOR 
gate) between the data pins 
of the UART and whatever 
Circuitry (be it transistor or 
1C) which presently boosts 
the I/O signals to the 
RS-232-C level. By inserting 
the inverters between the 
UART and the existing cir¬ 
cuitry, you will invert the 
data signals and still maintain 
the RS-232 drive levels. Such 
would not be the case if the 
TTL inverters were external 
to the existing circuitry. 

The only other hardware 
modification required is at 
the 25-pin connector of the 
Friden's controller. Tie pin 5 
(Clear to Send Line) to pin 
20 (Terminal Ready Line). 
With pin 5 positive and the 
ON-LINE switch activated, 
the orange ON-LINE light 
will be illuminated, con¬ 
firming the status of the 
Friden. The Friden is now 
capable of transmitting to, 
and receiving from, the 8800. 

To help clarify the logic of 
the software routines which I 
developed, it is beneficial to 
examine the terminal's trans- 
mission and reception 
procedures. 

Keyboard Transmission Pro¬ 
cedure 

To transmit from the key¬ 
board, assuming the terminal 
is operating properly "on¬ 
line," the operator presses the 
TRANSMIT key. This 
initiates the transmit mode, 
lights the TRANSMIT and 
SEND lamps, unlocks the 
keyboard, and causes the 
transmission of an STX char¬ 


acter to occur. The operator 
may then enter a block of 
data, terminating it by 
pressing the ETB or ETX key. 
(Data are provided to the line 
as keyed, and also stored in 
the terminal’s buffer for 
possible later retransmission.) 
For simplicity’s sake, we will 
not make use of this retrans¬ 
mission feature. Following 
transmission of the ETB or 
ETX character, the SEND 
lamp then turns off and the 
terminal generates a Longi¬ 
tudinal Redundancy Check 
(LRC) character, which it 
also sends down the line to 
the computer. The terminal 
then waits for an ACK status 
character from the computer. 
If this is received when the 
transmission was terminated 
by an ETB, the terminal is 
cleared, the keyboard un¬ 
locks, and the SEND lamp 
comes on. The last block of a 
transmission should be 
terminated by an ETX char¬ 
acter. Now, following recep¬ 
tion of an ACK character by 
the terminal, the TRANSMIT 
lamp goes out and the 
terminal returns to the idle 
mode. 

A conventional input 
routine will readily accept 
data from the Friden. Since 
instances of these are com¬ 
mon, I will not get into a 
description of one here. How¬ 
ever, a few suggestions con¬ 
cerning the routine are in 
order. You may choose to 
have the routine ignore the 
STX character, since it is not 
a piece of valid data with 
reference to your text. How¬ 
ever, the routine should 
recognize the ETB/ETX char¬ 
acters as flags, and upon their 
detection send an ACK to the 
Friden. Your input routine 
should also ignore the 
terminal generated LRC char¬ 
acter; like the STX, it is not 
relevant to the actual text 
being transmitted. You could 
use a routine, similar to the 
one presented later, which 
will use the LRC for detec¬ 
tion of transmitted errors, 
but it is not necessary for the 
input routine. (As you will 
soon see, the LRC character 
plays a major role in out- 



Fig. 1. The interconnection between the Friden's TM 20K715 
controller and the Processor Technology 3P+S interface. Note 
the cascading of the top two gates of IC5 and ICIO, to provide 
the necessary inversion. 

putting data to the Friden.) The software presented 
Note that it is important below causes the 8800 to 
(necessary) to reply to trans- simulate the transmit con- 
missions from the Friden by ditions which existed at the 
sending back the ACK char- Burroughs B3501 (the 
acter; otherwise, the key- Friden’s host computer). As 
board will remain locked up can be seen, the requirements 

and the TIME-OUT and necessary to make the Friden 

ERROR lamps will come on. accept data from the 8800 

Keep in mind that the are much more stringent than 

Friden’s buffer has a maxi- the conditions required to 

mum capacity of 150 char- make the Friden "talk" to 

acters before the OVE R- the 8800. 

FLOW light comes on. 

The Software 

Printer Reception Procedure For explanatory purposes, 
When the terminal is the program is divided into 

neither transmitting nor two main routines: BUFFIN 

actively receiving, it is in an and PRINT. BUFFIN is called 

idle mode. Message reception up by the output routine of 

begins with the detection of my MONITOR program, 

an STX character from the (Any general output routine 

computer. As characters are can be used to call BUFFIN.) 

received, they are placed in In my system, as the MON- 

the Friden’s buffer. Upon ITOR outputs data the char- 

reception of an ETB/ETX acters are displayed on a CRT 

character, the terminal gen- display and stored in a buffer 

erates an LRC character and area in the 8800’s memory, 

looks for an identical LRC for eventual transfer to the 

character to be sent down by buffer of the Friden. When a 

the computer. If no LRC CR character is detected, 

errors have been detected, the BUFFIN calls up the PRINT 

terminal transmits an ACK routine. PRINT is responsible 

character to the computer for the actual transfer of data 

and commences to print the from the buffer in the 8800 

contents of its (the to the Friden’s buffer, and 

terminal’s) buffer. The for the generation and 

terminal resets the green transfer of the "handshake" 

RECEIVE lamp and returns characters described pre- 

to the idle mode following viously. BUFFIN and PRINT 

reception of the ETX char- will not interfere with the 

acter. outputting of data to the 







CRT display, other than 
causing a 4 to 7 second delay 
at the end of a CR-terminated 
line. This time is consumed 
by the 8800 transferring data 
from its buffer to the 
Friden’s buffer, and for the 


detection of the Friden- 
generated ACK flag. 

Use has been made of 
memory storage and the 
stack, to save the status of 
some of the registers which 
are redefined when BUFFIN 


and PRINT are called. The 
data are assumed to reside in 
register B prior to calling 
BUFFIN. The program, as 
presented, resides in the top 
1K of my 9K memory; when 
you relocate it, pay close 


attention to the memory 
references. Nothing can make 
you wish you had taken up 
another hobby faster than 
having to track down an 
errant memory reference. 

As you study the program, 
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Table 1. Altair/Friden Interface routines. 





it will become apparent that 
the main calling routine could 
call PRINT directly, circum¬ 
venting BUFFIN. You may 
elect to do so. However, if 
you use the Friden to get 
hard copy while you are 
getting soft copy on a CRT, 
you may have problems. 
Some programs, such as those 
for games, may only output 
half a line; they may then 
wait for an operator response 
before finishing the line and 
generating the CR character. 
This is OK on a CRT display, 
where printout is instan¬ 
taneous (well, almost instan¬ 
taneous) and not being timed. 
But remember that the 
Friden has a 25 second timer 
which starts with the recep¬ 
tion of the STX character. If 
the ETB/ETX and LRC char¬ 
acters are not received in the 
25 second interval, a TIME¬ 
OUT-ERROR condition will 
be displayed. Consequently, 
the Friden’s buffer will be 
cleared and no printout will 
be obtained. Use of BUFFIN 
ensures the existence of a CR 


character in the 8800's 
buffer, and the generation of 
the all-important ETX and 
LRC characters by PRINT, 
within the timed interval. 
Alas, this is one shortcoming 
of this configuration of the 
Friden; it isn’t particularly 
suited to interactive work. 

Conclusion 

Well, there it is. It isn’t the 
most efficient program, 
memory-wise. (I don't profess 
to be a programmer.) But it 
does work, and the Friden 
produces a hard copy with a 
style all its own. Before con¬ 
figuring it to your system, be 
certain that you understand 
"everything" in the program. 

I wouldn’t want to see any¬ 
body have to put the days 
(and sleepless nights) into this 
project which I put into it. 
Actually, it was fun, but it 
had its moments. 

Good luck with it. If you 
have any difficulties, send an 
SASE and I will try to help 
you out. Keep on com¬ 
puting! ■ 


Best for beginners... preferred by pro's! 

NYE VIKING SPEED-X 

X ffe Model 114-310-003 

~ $ 8.25 


One of 8 models, 
all sure-handed ... 
smooth operating 
... priced from 
$6.65. 


NYE VIKING SUPER SQUEEZE KEY 

Fast, comfortable, easy... and fun! 

Model SSK-1 (shown) 

$ 23.95 

Model SSK-3 (has 


Whether you're a "brass pounder" or a "side swipei 
insist on the sure, smooth feel, and the long-lasting 
quality that is built into every NYE VIKING KEY. 

Prices subject to change. 

Available at leading dealers around the world c 
__ write for a descriptive catalog. 

WM. M. NYE COMPANY, INC. 

L_-1614 - 130th Ave. N.E., Bellevue, WA 9801 

























J. R. Johnson WA5RON 
4558 Ave. A #205 
-Austin TX 7S75I 



Fig. 1. Two meter to broadcast band converter. LI: 2 turn link on low end of L2. L2: 4 turns 
#20 on 7 mm slug-tuned form spaced to 5 mm; tap at 116 turns from low end. L3, L4: 3 turns 
4420 on 7 mm slug-tuned form spaced to 5 mm. L5: 20 turns #30 closewound on 4 mm solid 
ferrite form. YJ: 48.5 MHz third overtone crystal, HC25/U holder (see text). 


A nother converter? Well, 
maybe there have been 
an awful lot of converter 
designs published in these 
pages, but take a careful look 
at this one before you say 
you don't need a converter. 
The unit described here is 
designed to let you tune a 1 


New Improved 
Repeater Monitor 

- - 2 transistors 









Converter interior is divided by copper shields into four compartments. Block of foam-rubber 
glued to case half keeps the battery in its dip on bumpy roads. 


MHz band on two meters 
using your automobile radio. 
Even if you already have 
VHF gear in your car, 
chances are that you can only 
receive at a few crystal fre¬ 
quencies, and you would 
appreciate being able to tune 
the band to see what is going 
on. You could also use this 
converter in a rented car, 
your wife’s car, or for one 
way communication when 
traveling with other (non¬ 
radio equipped) vehicles on 
the road. I suppose that you 
could even build it for the 
police frequencies or other 
VHF services. 

I thought of building this 
converter one day when I 
noticed the push-button AM 
radio mounted nicely in the 
instrument panel of my auto¬ 
mobile, and realized that it 
had not been turned on for at 
least two years (if you reside 
in Texas but don't like cow 
music, the AM broadcast 
band has little to offer). I 
thought how nice it would be 
if the coverage of that re¬ 
ceiver were in one of the ham 
bands instead of 300 meters, 
and I decided right there to 
build a converter. 

I found a simple converter 
design in an issue of 73 l , and 
quickly built one up as in the 
article. The unit worked, a 
two meter QSO on one of the 
repeaters was heard, but it 
was competing (and losing) 
with all the 50 kW cow sta¬ 
tions that were there, hardly 
attenuated at all by the con¬ 
verter in the antenna line. It 
appeared to me that any con¬ 
verter I built to work into the 
broadcast band as an i-f 
would have to have consider¬ 
able isolation between input 
and output, and that at least 
one stage of rf amplification 
ahead of the converter was 
certainly desirable. The 
design that evolved is note¬ 
worthy in its attention to 
shielding, compartmentaliza- 
tion, and rf blocking along 
the power lead, considera¬ 
tions that are necessary in 
preventing the bleed-through 
of broadcast stations. Fortun¬ 
ately, automobile radios are 
already well shielded and 


bypassed, and they make sen¬ 
sitive i-f receivers with plenty 
of audio output. 

A 5.5 x 7.5 x 13.5 cm Bud 
minibox was divided into 
four compartments by shields 
cut from sheet copper (hobby 
or arts and crafts shop). A 
.001 uF feedthrough capaci¬ 
tor is mounted in each of 
these shields to pass (and 


bypass) the power lead, and 
two of the shields are also 
fitted with an insulated feed¬ 
through (a grommet will do) 
for rf. The four compart¬ 
ments contain preamp, oscil¬ 
lator, mixer, and power 
supply. This last is a 9 volt 
battery that will run for a 
long time at 25 mA drain, 
providing you remember to 


turn the unit off when not in 
use. 

The preamp is a non-FET 
design found in Japanese 
VHF receivers, with a link- 
coupled input circuit added 
to discourage the beastly 
broadcast band from getting 
deep into the converter. If 
you don’t have a 2SA239 
lying around, then any of the 



Converter sections are (left to right): 1 — input and rf amplifier stage, 2 — Crystal controlled 
oscillator, 3 — Mixer stage and output, 4 — Battery and switch. 
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three, the resultant frequency 
is 600 kHz below the bottom 
of the range you would like 
to tune. For example, if you 
wish to tune the popular FM 
frequencies between 146 and 
147, a crystal near 48.4667 
could be selected. Fhe third 
harmonic would be 145.4, 
putting 146 at the 600 kHz 
mark, and 147 at 1600. This 
should be fine for locating 
repeaters in unknown towns 
as you travel about, or just 
keeping tabs on local FM 
activity. If you would like to 
preserve the usefulness of the 
original dial calibrations, then 
you need a crystal cut for 
48.6667 (146.0). This will 
put 146.55 MHz at the little 
"55” on the dial, and 147.6 
will come in at "160" or 
"16” or whatever you have at 
the top end. When you order 
a crystal, include a drawing of 
the oscillator schematic, and 
tell the manufacturer what 
third harmonic frequency 
you want to get, as well as 
the 48 MHz third overtone 
frequency. 

You will note that the 
tuned circuits in this con¬ 
verter have both variable 
capacitors and slug-tuned 
coils. This allows one to 
roughly peak the circuits 
using the capacitors with the 
box open, and then fine tune 
all stages after the unit is 
closed up and mounted in the 
vehicle. Cut a length of 
antenna cable to go between 
converter and radio, with a 
Motorola plug on one end 
and a BNC on the other. The 
car's telescoping whip 
antenna will work just fine 
when pushed down to 
quarter wavelength, and if the 
feed line is replaced with 
RG-58 or RG-59. The original 
automobile antenna cable 
seems to be some sort of 
cheapo shielded stuff with a 
kinky wire for a center con¬ 
ductor. I suspect that it was 
not intended for VHF, and 
certainly not very good for 
transmitting. 

Many new cars seem to 
come with a solid steel whip. 
This could be used as is, but 
cutting it to quarter wave¬ 
length will improve VHF 


Shielding and separation of input and output sections, plus elaborate bypassing of low 
frequency signals on both rf and power leads is necessary to keep powerful broadcast stations 
from shoving their interference through the converter. 


"equivalent" transistors they 
sell nowadays in the whole¬ 
sale stores should work. I 
tried a GE-9 and it did just 
fine. Component leads must 
be very short or they will add 
inductance in series with the 
coils, which are quite small. 
Ground points can be 


soldered directly to the 
copper shield. 

The oscillator was wired 
together on a small piece of 
vectorboard, held by machine 
screws and short standoffs to 
the copper shield. The oscilla¬ 
tor stage was put between 
amplifier and mixer to maxi¬ 


mize the physical separation 
between input and output. A 
third overtone crystal in the 
48-49 MHz range is em¬ 
ployed, giving a third har¬ 
monic at two meters that is 
used by the mixer stage. 
Choose a crystal frequency 
such that when multiplied by 


The oscillator board mounted on one side of a shield. Crystal socket and miniature crystal are 
the only components on the backside of the board. Power feedthrough capacitor is at upper 
right and insulated feedthrough for the rf line is below. Mixer stage (part of coil visible at 
bottom) is on the reverse side of shield. 
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reception and broadcast 
image rejection. I can't 
recommend those imbcdded- 
in-the -windshield type 
antennas at all. This novelty 
was foisted on the car buyer 
at about the same time as the 
something-else-to-malfunc- 
tion hideaway headlight. If 
you got stuck with one (or 
both) of these, you might as 
well punch a hole and mount 
a decent two meter antenna. 
After all, you are a ham, 
aren't you? 

Plug the converter in and 


tune up the circuits on a 
signal somewhere near the 
middle of the band. Look for 
the antenna trimmer capaci¬ 
tor on the broadcast radio 
and tune for maximum signal 
reception. This capacitor may 
be found near the antenna 
input connector, or behind a 
hole above the tuning shaft 
that can be reached by 
pulling a knob (instead of 
pulling the whole radio). This 
adjustment does make a 
difference. 

My little converter should 


give you good reception on 
two meters of both AM and 
FM stations. The ability of 
the automobile radio to 
slope-detect FM depends 
upon the sharpness of its i-f 
tuning. I found that I was 
able to improve the tuning 
and tracking across the band 
of both i-f and rf stages 
within the receiver by tweak¬ 
ing on the slugs. Getting the 
radio out and back into most 
modern automobiles is made 
easier by turning the vehicle 
upside down and moving the 


firewall forward a few feet. 
You might even go so far 

as to cut into the original AM 
board and add one of the FM 
limiter and discriminator inte¬ 
grated circuits. I think that 
you will find, however, that 
FM reception is quite 
acceptable without any modi¬ 
fication to the broadcast re¬ 
ceiver. ■ 

Reference 

1 "Build the OTC," John 
Crawford WA4SAM, George 
Webber W1DVG, 73 Magazine, 
January, 1966, page 74. 




YOUR 

PERSONALIZED 
GREAT 
CIRCLE 
MAP 

CENTERED ON 
YOUR QTH 

ith instant and accurate 
bearing and distance to any other 
location in the world. Each map is a 
multicolored original. It is available in 
10. 20, and 30 inch sizes for $13.95. 
$18.95 and $23.95 from Computer 
Drawing Corporation, P.O. Box 88559 
Seattle, Washington 98188 (Add 75 i 
for mailing). 


PRINTED CIRCUIT 

Positive Acting Photo Resist; Carbide 
Bits; Bubble Etchers; W. H. Brady PC 
Drafting Aids; Epoxy Glass Boards 

Send stamp & address label for flyer 

TRUMBULL 

833 Balra Dr., El Cerrito, CA 94530 



ANTENNA SUPERMARKET P.O. Box 1682, Largo, Florida 33S40 
DIPOLE AND WIRE ANTENNA KITS, complete with HI O BALUN, 100 rope, 

80/40/15 parallel dipole.*38,95 140short, 130' length. *36.95 

40/20/15 parallel dipole. *30.95 80short, 43' length. *31.95 

80/40 trap dipole. *41.95 40short. 33‘ length. *28.95 

40/20 trap dipole. *34.95 Single band models from *24.95 

VERTICALS - complete with Universal Mounting Base. Folds NEW 

to 5' for Easy Transport, Hvy. Duty Aluminum Tubing. ap^^rool"'^''p'abo 6 

20/15 trap, 13'hgt. *29.95 160 compact 23'hgt *44.95 camper, trailer, mo’ 

40/20/15 trap 22'hgt. .. 44.95 80 compact 20'hgt. 39 95 tor home All bands 

80/40/20 trap 30'hgt. .. 69.95 40 compact 15'hgt 34 95 80 10, folds to 5 easi 

80/40/15 trap 20'hgf. ... 59.95 20/15/10full size vertical 29 95 ly 13' height 

10 meter cov. for above add 9.95 _ 80 40 20 15 10 *49.95 

5 n9n ^SS^S3sS MtmM ® 


PRESTO! 

Your counter becomes 
a digital display! 


Like magic. Hufco's Digi-Dial Adaptor turns any 
irequency counter into an absolutely accurate digital 
display! Inexpensively! With continual display of both 
transmit and receive frequencies — as last as you 
turn your transceiver dial! 

With the Digi-Dial Adaptor your counter easily 
adapts to Yaesu. Tempo. Drake C Line, Collins, 
Kenwood and othertransoeivers. (Tel us which other 
brand you have We ll ted you if the adaptor fits .) 

Operation requires only a connecting cable to the 
transceiver VFO plug. Translates VFO output to 2 
through 2 5 mHz. No internal connection or modifi¬ 
cations necessary! Complete instructions included 
No Irequency counter? Get both the Digi-Dial 
Adaptor and a Irequency counter trom Hufoo. We 
have counters starting as low as $45.95! 


Quick! 

Order yours today! 

Please rush me: 

D Digi-Dial Adaptor 

.95 kit form-$49.9! 


DIGI-DIAL ADAPTOR 

i*5 



Check or money order enclosed 
3 Complete date on Hufoo 
frequency counters 


Huffco* 















self-contained 
additional $10, 


for 


Put Snap in Your 
SSTV Pictures 


- - using a $20 freq standard 


E. Sommerfietd W2FJT T71 requency measurement for specific applications is 

49Spring Road f has always been an ex- called frequency comparison. 

Poughkeepsie NY 12601 pensive problem for the radio This article will describe a 

amateur; the least expensive crystal calibrator/comparator 

frequency counter costs for SSTV that will permit 

about $150. Frequency adjustment of various SSTV 

measurement by counting is frequencies to within 1 Hz 

not the only method of for as little as $20. The cali- 

measurement, however, brator can either be built into 

Another less expensive, and the Robot Research 80A 

equally accurate, alternative camera, or implemented as a 



Fig. 1. Overview of crystal dear 1200 Hz. 


Overview 

The basic requirement in 
any frequency comparison 
system is an accurate fre¬ 
quency source. One such 
source is a crystal oscillator in 
the 1200 Hz to 2300 Hz 
range. Crystals in this fre¬ 
quency range are somewhat 
difficult to fabricate; how¬ 
ever, crystals in the 256th 
multiple of this range (300 
kHz - 600 kHz) are easily 
obtained. All that is required 
is a division by 256, and a 
frequency comparator. 

In both the 80A and self- 
contained versions (Fig. 1), a 
crystal controlled square 
wave generator at 307,200 Hz 
(1200 Hz x 256) is fed into a 
256 divider chain and 
emerges as 1200 Hz. This 
1200 Hz signal is then com¬ 
pared to the 1200 Hz SSTV 
video. The resultant “beat 
note” is displayed on an LED 
(Light Emitting Diode). 

In the 80A version, Fig. 

1 (b), the divider chain in the 
NORMAL mode is used to 
convert the 15 Hz horizontal 
input to a 1/8 Hz (8 second) 
vertical signal by dividing by 
128; the last counting posi¬ 
tion is not used. In the COM¬ 
PARE mode, the input to the 
256 divider chain is changed 
to 307,200 Hz and the 
output at 1200 Hz is taken 
from the last position. The 
same “beat note" detector is 
used. If operation at 2300 Hz 
is desired, a crystal frequency 
of 588,800 Hz would be re¬ 
quired. Since crystals in this 
frequency range cost $37.50, 
a crystal at 1/2 the fre¬ 
quency, 294,400 Hz, costing 
$13.50 is used, and the 
output is taken at the divide 
by 128, the next to the last, 
divider position. 

CIRCUIT DESCRIPTION 

The oscillator and compar¬ 
ator are both contained in an 
RCA CA-3046 5 transistor 
DIP module. 

Oscillator 

The oscillator is a standard 

2 transistor free-running 
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multivibrator in which one of 
the RC networks has been 
replaced by a crystal. The 
free-running frequency, 
originally controlled by the 
RC networks, is now con¬ 
trolled by a .01% tolerance 
crystal. The maximum crystal 
error is 30 Hz at 307,200 Hz. 
When the frequency is 
divided by 256, the error, 
which is also divided by 256, 
becomes .12 Hz; this is far 
more accurate than any SSTV 
requirements. The output of 
the oscillator is a square wave 
which when loaded is about 
1.0 volts to 1.7 volts at 

307,200 Hz. The oscillator 
was designed to have a mini¬ 
mum loading effect on the 
+3.6 volt regulated supply 
(80A). The 80A +3.6 volt 
supply already has about a 
200 mA load, and the regu¬ 
lator transistor is “hot" to 
the touch. 

Comparator 

The comparator is com¬ 
posed of 2 inverters with a 
common collector load re¬ 
sistor and shunting LED. The 
LED has a minimum voltage 
threshold of about +1.2 volts. 
Current will flow in the LED 
only when BOTH transistors 
UA-3 and UA-4 are off. The 
amount of time that both are 
off, and in turn the LED is 
illuminated, depends upon 



Fig. 2. Self-contained crystal dear 1200 Hz. U1 - RCA CA3046; U2, U3 - Motorola MC777P; 
SI - Archer 2751386; LED - Archer 276-041; S2 - Calectro E2-140; RI-RIO — 4 W 10%; 
R11-R16 - 4 W 10%; Dl - Archer 276-612 or 276-114; chassis box - Calectro H4-742; 
battery holders — 1 cell, Calectro D3062; 2 cell, Calectro D3063. Calectro - Lafayette, Archer 
= Radio Shack. *R6 was designed for an 80A output greater than 2 V p-p and a low output 
source impedance. X — see Crystal Specifications. 


the frequency relationship of 
the 1200 Hz crystal con¬ 
trolled reference frequency 
and the SSTV input fre¬ 
quency. As the two signals 
"beat” together, the LED will 
“flicker” at the rate of the 
difference frequency. Since 
the two signals will rarely 
lock together at the same 
frequency, there will always 
be some flicker. The compar¬ 
ator output when no SSTV 
video is inputted consists of a 
1200 Hz square wave of 
about 1 volt p-p. This signal, 
with a very low source impe¬ 
dance, is ac coupled to the 



output jack, J2, and can be 
used as a 1200 Hz signal 
generator. 

Divider Chain (Self-Contained 
Only) 

The divider chain in the 
self-contained version is iden¬ 
tical to the one used in the 
80A, and consists of two 
Motorola MC777P binary 
counters connected in 
tandem. Since the divider 
chain counters are unloaded, 
I found that the most reliable 
operation was obtained at 
about +3.2 volts. 

Switch (80A only) Fig. 3 

Many methods were 
analyzed in order to find a 
method of injecting the 

307,200 Hz signal into the 
80A divider chain without 
disturbing the land pattern. 


The only solution found, 
however, was to “break" the 
land pattern on the back of 
the component board as 
shown in Fig. 4. Leads to the 
modification can be run from 
either the land pattern on the 
back, or touch soldered from 
the pins of the DIP modules 
on the front, depending on 
the skill of the user. 

The switch, SI, provides 
the means by which the 

307,200 Hz signal is injected 
into the divider chain. 

Power Supply (Self-Con¬ 
tained Only) 

The divider chain, un¬ 
loaded in this application, 
works optimally at about 
+3.2 volts ± .2 volts. The load 
current is about 150 mA. A 
power supply could have 
been constructed for about 




Fig. 3. 80A modification. AH resistors except R8 can be as low 

as 4 Watt 10%. U1 - RCA CA3046; LED - Archer 276-041; ♦"**< 

SI - Calectro E2-105; C2 - Calectro A1-125; X - see Crystal 

Specifications; term strip — Calectro F3214. Calectro = Fig. 4. 80A land pattern modification. Wiring (back) side of 
Lafayette, Archer = Radio Shack. board. 








$10, but the intermittent use 
of this unit pointed to the use 
of a battery supply for about 
$1. In order to obtain maxi¬ 
mum use of the battery as its 
voltage decreases with age 
and use, a variable resistor, or 
as in my case, a switch with 
resistors (Fig. 2), was used to 
permit adjustment of the 
supply voltage. Too high a 
supply voltage causes a 2400 
Hz output; too low a voltage 
results in no output. The cor¬ 
rect voltage is easily obtained 
by first connecting earphones 
to the 1200 Hz output jack, 
J 2, and then, starting at the 
maximum resistance, slowly 
reducing the resistance until 
the 1200 Hz signal is heard. 

CONSTRUCTION 

Self-Contained 

The self-contained version 
layout is shown in Fig. 5 and 
the photograph. It is con¬ 
structed on a 2.5" x 6” piece 
of .100 x .100 inch perfboard 
(Archer — Radio Shack - 
#276-1394). R11-R16 are 


mounted on the chassis, 
supported between SI and 
S2. 

80A 

The 80A layout requires 
more effort, but it has the 
advantage of a more built-in 
feature. Fig. 6 shows the loca¬ 
tion of the components. The 
crystal socket, switch SI, and 
the module DIP socket were 
epoxied onto the component 
board. The terminal strip was 
anchored using the screw that 
attaches the component 
board to the camera chassis. 

Operation 

Adjust the 80A output 
control, R50, to 2/3 full scale 
(self-contained only). In 
order to measure only 1200 
Hz, the SSTV voltage con¬ 
trolled oscillator (VCO) must 
first be forced into a 1200 Hz 
only mode. This can be done 
in the 80A by shorting the 
collector of Q8 to the emitter 
of Q8, by grounding the junc¬ 
tion of resistors R34, R35 



and R134. This method will 
result in a sync frequency of 
about 1190 Hz. The reason 
for the 10 Hz difference is 
that the normal “on" condi¬ 
tion for Q8 is not a shorted 
collector to emitter, but 
rather a .1 volt collector to 
emitter. Since the more posi¬ 
tive the collector of Q8 is 
from -15 volts, the lower the 
frequency, 0.0 volts = 1190 
Hz, whereas 0.1 volts = 1200 
Hz. 

After the 1200 Hz only 
condition is satisfied, adjust 
R42, SYNC, so that the LED 
just barely flickers. This 
setting will result in about 
1210 Hz when the short is 
removed. If a more accurate 
adjustment is desired, re¬ 
adjust R42 away from zero 
beat in a clockwise direction 
so that the LED flickers at 
about 10 beats/second, and 
then remove the short. This 
should result in an output 
very close to 1200 Hz. 
Important Note (80A Version 
Only) 

In the compare mode, the 
1/4, FULL, 1/2 vertical scan 
switch must be in the FULL 
scan position in order to 
allow the divider chain to 
divide by 256. 

Crystal Specifications 

The crystal used in my 
model was ordered from 
International Crystal Mfg. Co. 
Inc., 10 North Lee, Okla¬ 
homa City OK 73102, 


according to the following 
specifications for 1200 Hz 
output: Frequency - 
307,200 Hz, .01% tolerance; 
Type - GP; Calibration - 
room temperature; Holder - 
F605 (HC 6/U); Circuit Load 
- use Fig. 2. 

The frequencies for other 
SSTV outputs are: 

OUTPUT CRYSTAL 

1200 Hz 307,200 Hz 

1500 Hz 384,000 Hz 

2300 Hz 294,400 Hz 

(divide by 128) 

Other Configurations 

Other configurations that 
used the crystal controlled 
1200 Hz output signal gated 
directly into the SSTV out¬ 
put during sync time were 
considered and analyzed. The 
80A VCO mode was found to 
maintain more than sufficient 
stability at considerably less 
cost. These other designs are 
available by SASE. 

Conclusion 

The calibration capability 
described in this article pro¬ 
vides the missing link towards 
ease in obtaining accurate 
alignment of not only the 
SSTV camera, but also the 
SSTV station monitor. An 
A-B comparison using the 
crystal controlled source cali¬ 
bration vs. a Yaesu model 
YC-355D has shown no 
significant difference in 
accuracy, but a substantial 
difference in cost. ■ 



Fig. 6. 80A component positioning. 













Burt Yellin K2STV 
30 Eleanor Lane 
Plainview NY 11803 

What’s All This 
Wire-Wrap Stuff? 

- - talk about cold solder joints! 


T he advent of digital 
electronics in amateur 
radio has paved the way for a 
new method of construction 
practice already widely used 
in industry. This is called the 
Wire-Wrap* method. One 
might ask, why Wire-Wrap? 
Just talking about the 
number of lines coming from 
an 1C could make one’s head 
reel. For example, let us 
assume that we have thirty 16 
pin ICs, and that we have just 
one wire per pin as either a 
voltage, a ground, or a signal 
line. We now have 16 x 30, or 
480 lines to interconnect. 
Can’t you just picture the 
complexity of the printed 
circuit board required to 
accommodate such a circuit? 
Note that I’m talking about a 
16 pin 1C in this case. Now 
we are well into LSI and MSI 
with 24, 36, or 40 pin ICs 
becoming very popular. This 
is one reason why industry 
has gone the Wire-Wrap route. 
The mechanical design effort 
in laying out such a PC board 
is a time-consuming, costly 
operation. Most of the time a 
double-sided PC board with 
plated-through holes would 
have to be used. And in even 
more complex circuits, 


* The term "Wire-Wrap" is a 
Gardner-Denver Co. 


multi-layer boards would 
have to be designed. 

A second advantage of 
Wire-Wrap over PC is the ease 
with which a design change 
can be accomplished. All one 
needs to do is unwrap the 
wire and put the new one in 
between the proper two 
terminals. We all know what 
it is like to modify a PC 
board. I have several scarred 
fingers from a slip of the 


knife as proof. 

Now let's talk about some 
of the electrical and 
mechanical attributes of 
Wire-Wrap. A Wire-Wrap 
connection consists of 
approximately seven turns of 
30 AWG solid copper wire. 
The wire is wound about a 
0.025 inch square terminal in 
a helical manner, without the 
aid of solder. As the wire is 
wound about the terminal, 


the corners of the terminal 
bite into the wire, as the wire 
notches the sharp corner of 
the terminal. In this manner, 
a gastight, oxidationfree joint 
exists between the terminal 
and the wire. As the connec¬ 
tion ages, a solid state diffu¬ 
sion process takes place, 
which enhances the mechani¬ 
cal strength of the connec¬ 
tion. Through exhaustive 
tests it has been determined 
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Fig. 1. 


Fig. 2. 



that a Wire-Wrapped connec¬ 
tion has a life expectancy in 
excess of forty years. This 
tremendously exceeds the 
reliable life of a solder con¬ 
nection. 

Wire-Wrapping can be 
accomplished through several 
methods. There are hand 
Wire-Wrap tools which are 
readily available and 
inexpensis'e. If many wraps 
are to be done, I would 
suggest the electrical hand 
gun; where a small run of 
similar boards are to be 


Wire-Wrapped, there is the 
semi-automatic method. A 
“head" with a Wire-Wrapping 
bit is indexed over the proper 
terminal through the use of a 
numerical controller. The 
fully automatic method 
would be chosen on a large 
run of similarly Wire-Wrapped 
boards. 

Let’s go through a 
step-by-step procedure to 
show the simplicity of the 
Wire-Wrap process: 

Step 1. Insert the stripped 
end of the wire into the tool, 


as shown in Fig. 1. 

Step 2. Place the tool 

with the wire over the 

terminal (Fig. 2). 

Step 3. Twist the tool 

clockwise, until the stripped 
portion of the wire is used up 
in the wrap. 

Fig. 3 shows a completed 
“modified” wrap. “Modified” 
means that there is 

approximately one turn of 
insulation around the 
terminal for strain relief. 

Well, that about "wraps" 
it up. ■ 



[ The staff (both of us) at fg 
ON. LINE wish to acknowledge 
our readers and advertisers as being 

I the true cause of our successful first d 
year. Our thanks and wishes for am 
1977 full of events, satisfaction and|| 


COMPUTER HOBBYISTS! 

Nationwide Classified Ad Newsletter 
Buy & Sell Hardware & Software 
new/used/unique/low-cost 
S3.75 for 18 issues. 

Free sample issue on request. 
ON_LINE NEWSLETTER 
24695 Santa Cruz Hwy., Los Gatos, Ca. 



ELECTRONIC DISCOUNT 
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If you want a microcomputer 
with all of these standard features •. 



...then let us send you our card. 

HAL Communications Corp. has microcomputer you can buy. For 
been a leader in digital communi- details on the MCEM-8080, write 
cations for over half a decade. today. We’ll also include compre- 

The MCEM-8080 microcomputer hensive information on the HAL 
shows just how far this leadership DS-3000 KSR microprocessor- 
has taken us...and how far it based terminal, the terminal that 

can take you in your applications. gives you multi-code compati- 
That’s why we’d like to send bility, flexibility for future 

you our card—one PC | |fl | | changes, editing, and a 

board that we feel is the K^EII convenient, large video 

best-valued, most complete l/i MU display format. 

HAL Communications Coro. 

Box 365,807E. Green Street, Orbana, Illinois 61801 
Telephone (217) 367-7373 
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WHY YOU WILL BE UNABLE 

TO PREVENT YOURSELF 

FROM SUBSCRIBING TO 
KILOBYTE 

If you can profit from the 
experience of others and perhaps 
manage to save a few dollars 
which you might otherwise blow 
on something inferior, then you 
will be able to save much more 
than the cost of a Kilobyte 
subscription. 

Kilobyte will be running 
articles on every piece of hard¬ 
ware available to the computer 
hobbyist ... and reader reports 
on their experiences with the 
hardware (and software). You 
can profit from the experiences 
of others. Kilobyte will pull no 
punches ... covering up for a 
lousy manufacturer serves no 
one in the long run and factual 
reporting on problems can help 
warn other hobbyists as well as 
encourage the manufacturer to 
get his act together. Look for a 
long and informative letters 
section where a spade will be 
called a spade. 

If you are building a kit, for 
heaven's sake keep a notebook 
of your problems ... problems 
with the manufacturer ... with 
missing parts ... bad manuals 
... bum parts. .. and be sure to 
tell how you solved each of your 
problems as an aid to the next 
guy. Pass along data on how you 
got the system up and running, 
I/O problems and their solution 
... where you got software ... 
etc. 

CHARTER SUBSCRIPTION 
ONLY $12! 

The regular subscription rate 
for Kilobyte will be $15 per 
year. The CHARTER rate is 
only $12. Individual copies will 
sell for a ridiculous $2.00 ... 
and be well worth it. In case you 
are thinking of waiting to see 
how Kilobyte looks, remember 


that thousands of waiters-to-see 
lost out on the first issues of 
Byte. Too bad ... the first issue 
of Byte now goes in some areas 
for more than the Charter sub¬ 
scription rate! 

This is your chance to get a 
bargain ... please don’t expect 
the first issue of Kilobyte to be 
in good supply. 

HARDWARE REVIEWS 
IN KILOBYTE 

In addition to the letters 
from readers explaining about 
the problems they have had with 
hardware (and software), plus 
articles by readers on hardware 
which they are enthusiastic 
about ... Kilobyte will be en¬ 
couraging the manufacturers to 
write articles telling you the 
details of their equipment ... 
why they used such and such a 
chip ... what it does ... what 
this means to you as the possible 
user of the system ... why the 
bus was designed the way it was 
... etc. Manufacturers are well 
aware that their articles will be 
read with skepticism and that 
their credibility is on the line ... 
so we expect them to be rela¬ 
tively candid, for in a market¬ 
place such as this one, with 
many manufacturers competing 
very briskly for your business, 
credibility is of the utmost 
importance ... and a loss of 
credibility can well mean lost 
business. 

Most of the new manufac¬ 
turers of microcomputer hard¬ 
ware are starting small, usually 
with a minimum of financing ... 
so they need your business and 
confidence. You’ll get to know 
these people through the pages 
of Kilobyte. 

SOFTWARE PROGRAMS IN 
KILOBYTE 

In addition to reviews of new 
hardware and reports from the 


readers on their problems. Kilo¬ 
byte will be making every effort 
to encourage programmers to 
send in shorter programs for 
publication in Kilobyte ... short 
programs, routines, algorythms, 
written for use on hobby 
systems. It is hoped that this will 
eventually become a library 
which will be invaluable to you 
when you are writing programs. 
There have been a few programs 
published elsewhere, but these 
have been far too few. 

Longer programs have a home 
too. Kilobyte will be producing 
longer programs on cassette tape 
for sale by mail and via com¬ 
puter stores ... complete with 
documentation. If you have 
some programs which you think 
might be of value ... and might 
sell well ... get in touch with 
Kilobyte. The page rate for 
articles in Kilobyte runs around 
$50 (about double that of other 
hobby computer magazines the 
last we heard), so short programs 
and routines could pay you very 
well if published. Longer pro¬ 
grams will be on a royalty basis 
(15%) and the intention is to sell 
them at fairly low prices via 


stores so as to discourage 
copying and theft. Our ex¬ 
perience with the 73 Morse Code 
tapes is that if cassettes are made 
available for reasonable prices 
there is little problem with 
copying. 

KILOBYTE AIMED 
DIRECTLY AT NEWCOMERS 
TO COMPUTERS 
Most of us are newcomers, 
one way or another. Only long 
time dedicated hobbyists are 
well grounded in hardware, soft¬ 
ware and systems ... the rest of 
us may know one or the other of 
these, but not all. The intention 
is to try and keep a good deal of 
the material in Kilobyte of a 
very fundamental nature so as to 
bootstrap newcomers into the 
hobby. This will even include a 
glossary page of computer terms 
to help the beginner. 

THE KILOBYTE 
LABORATORY 

Kilobyte is the ONLY com¬ 
puter hobby magazine with its 
own computer lab set up. This 
lab is not a little workbench 
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with an Altair... it has an 8800 
with floppy disk, Imsai, Wave- 
mate, Jolt, Apple, Southwest 
Tech, Sphere, Ebka, Intelligent 
Systems, Astral 2000 ... various 
cassette systems such as the 
National Multiplex ... printers 
by Southwest Tech, Teletype, 
Dec, MPI ... terminals by Lear, 
Burroughs, Intelligent Systems 
... etc. 

With this lab Kilobyte is able 
to check out the many systems 
available to the hobbyist ... to 
interface I/O systems ... to 
check memory and other new 
modules ... and (most impor¬ 
tant) to check out programs 
submitted to Kilobyte for publi¬ 
cation or for royalty distribu- 


KILOBVTE TO SUPPORT 
COMPUTER STORES 
Older hobbyists will recall 
that publisher Wayne Green pre¬ 
dicted the proliferation of the 
computer store even before the 
first one was opened. Kilobyte 
will be available in every com¬ 
puter store that meets the Kilo¬ 
byte requirements ... as will the 
Kilobyte program cassettes. 

In August 1975 the very first 
computer store was opened (in 
California) ... by August 1976 
there are over 50 recognized 
computer stores ... and perhaps 
150 one-man shops which hope 
to grow into stores soon. Con¬ 
sidering the growth of the hobby 
computer it will not be sur¬ 
prising to many if there are 
about 500 stores by August 
1977... and 5000 by 1978. 

Since only hobbyists have the 
wide background in all phases of 
computers to provide the ser¬ 
vices of a computer store, a great 
many of the readers of Kilobyte 
will find themselves faced with 
an economic opportunity of a 
lifetime ... once they are quali¬ 
fied. This is all the more reason 
for getting your own computer 
system .. . and reading Kilobyte. 

KILOBYTE TO COST ARM 
AND LEG AT STORES 
Since Kilobyte is going to be 
a good deal better than the other 
hobby magazines it is only 
reasonable that it should be a 
little more expensive. $2.00 per 
copy at your stores. 


WHO IS BEHIND 
KILOBYTE? 

The staff of 73 Magazine will 

be putting Kilobyte together_ 

it is a staff of over 40 people and 
every aspect of publishing is 
done right at the big 73 Maga¬ 
zine headquarters building in 
Peterborough except the actual 
printing of the magazine. Kilo¬ 
byte requires very large web 
offset presses and equipment, so 
it will be printed in Columbus, 
Ohio ... and mailed from there. 

The editor, John Craig, has 
been running the I/O section of 
73 Magazine since last February 
... a section of about 40 pages 
of hobby computer articles and 
advertising every month. Before 
that John was one of the editors 
of the famed Cabrillo newsletter. 
John works out of Lompoc, 
California. 

At the Kilobyte/73 head¬ 
quarters the type is set, articles 
proofread, pasted up, artwork 
prepared, advertising sold and 
prepared for publication, sub¬ 
scriptions and readers service 
handled by a professional group 
which has been working together 
for years. Add to this the new 
Prime computer system and you 
have a first rate organization. 
Visitors to New Hampshire are 
invited to join the thousands of 
amateur radio operators who 
visit the HQ and say hello. 

WHO IS THE 

KILOBYTE PUBLISHER? 

Wayne Green is not totally 
unknown in the hobby com¬ 
puter field. It was his frustra¬ 
tions with trying to get a com¬ 
puter system to use with 73 
Magazine that resulted in his 
idea for Byte magazine in 1975. 
In a period of seven weeks Green 
managed to find an interim 
editor, get enough articles to get 
the magazine started, get mailing 
lists of prospective subscribers, 
write letters for subscriptions, 
get envelopes printed, send out 
the subscription letters and get 
in enough subscriptions to war¬ 
rant printing 15,000 copies of 
the first issue ... far too few, it 
turned out ... but a lot more 
than the 2000 envisioned at 
first. 

Green's visit to the micro¬ 
computer manufacturers in 


August 1975 was reported in 
detail in Byte and did a lot to 
help this small new industry 
grow. Green has followed this 

1975 visit up with one in August 

1976 and this will be reported in 
the first issue of Kilobyte. 

Green started publication of 
73 Magazine in 1960 and 
gradually built it from a one 
man operation to the present 
staff of over 40. 73 is the fastest 
growing ham magazine ... over 
30% increase during the first six 
months of 1976 ... and soon 
will be the largest in circulation 
in the ham field. It is already 
more pages than any others and 
has more advertising. 

Green, who is listed in the 
latest issue of Who's Who, in 
addition to being the editor and 
publisher of 73, starting Byte 
last year (no longer connected 
with Byte), also is the writer of a 
nationally syndicated newspaper 
column on CB radio. 

MANUFACTURERS WHO 

CANNOT ADVERTISE 
The 73 Magazine policy of 
not permitting firms to advertise 
where there are problems of 
stability, of service, a question¬ 
able product, etc., will be carried 
on in Kilobyte. Unless current 
problems with Minimicromart, 
Processor Technology, E&L 
instruments and Ebka are re¬ 
solved you may not be seeing 
them in Kilobyte. 

CAN YOU GET RICH 
VIA KILOBYTE 
Of course you can! With Kilo¬ 
byte paying about double what 
the other hobby computer maga¬ 
zines are (you do want to read 
the best authors, don’t you?), 
you can parlay any field of 
expertise of your own into 
enough money to buy more 
hardware. Be sure that you 
know what you are talking 
about ... and that you explain 
it simply, avoiding all the usual 
buzzwords. Write to Kilobyte, 
Peterborough NH 03458, or 
John Craig, RFD 100D, Lompoc 
CA 93436, for instructions on 
writing for Kilobyte ... it's easy 
... and lucrative. 

COMING ARTICLES 
Articles have been promised 


for Kilobyte by some of the top 
people in the field ... a run¬ 
down on just about everything 
available ... a sort of super 
buyers' guide is being prepared 
by Eric Stewart of Computers 
and Stuff. This will probably run 
to three parts to cover every¬ 
thing. Eric started with his first 
store in Provo, Utah and then 
moved to the San Francisco area 
... he is moving to a larger 
building to try and keep up with 
the business. 

George Morrow (Morrow’s 
Micro Stuff) will be writing on 
cassette systems and interfacing 
... on a fantastically simple 
prototyping system he uses ... 
Dennis Brown (Wavemate) will 
be writing about the benefits of 
wire wrapping and also give us 
the inside dope on how the 
Wavemate was designed .. . and 
why. We’ve also been promised 
good authoritative articles on 
the Jolt system, the new 
Godbout PACE computer, the 
Apple computer and the Z-80 
CPU coming out by MITS. 
Marlin Shelly of MPI (printer) 
has promised an article on 
parallel I/O standards and con¬ 
nectors . .. George Tate of Com¬ 
puter Mart (Orange, Ca) will be 
writing on I/O configurations 
. .. Dick Wilcox, a teacher of 
computer systems in elementary 
schools will be writing about 
fundamental software terms ... 
monitors, debuggers, editors, 
executives, and such. 

WHAT ABOUT THE 

I/O SECTION IN 73? 

This will continue, as it has, 
to bring fundamental computer 
info to radio amateurs through 
the pages of 73 ... as well as 
computer applications for ama¬ 
teurs such as pointing beams for 
DX automatically, reading Morse 
Code, etc. 

WHEN WILL KILOBYTE 
START? 

The first issue will be out in 
December 1976 ... dated Jan¬ 
uary 1977. The deadline to be 
sure of getting this issue is 
November 1st ... after that you 
may or may not, depending 
upon the demand. Remember 
what happened to Byte sub¬ 
scribers who waited. 



I t is widely believed, and 
often written, that re¬ 
flected waves on an rf trans¬ 
mission line represent power 
flowing in the line toward the 
load and away from the load. 
Encouraged for many years 
by the teaching of a 
prestigious amateur organiza¬ 
tion, many amateurs take this 
belief as an article of faith. 

But it is not only amateurs 
who so believe — some 
professionals do, also. They 
construct ingenious explana¬ 
tions of transmission line 
phenomena that are based on 
power flowing forward and 
backward on a transmission 
line terminated by a load not 
equal to the characteristic 
impedance of the line. They 
devise equations containing 
terms purporting to give the 
magnitude of power flowing 
toward the load and of power 
flowing in the reverse direc¬ 
tion, and by subtracting one 
from the other get the "net 
power” flowing into the load. 
Never mind if the "forward 
power" is sometimes con¬ 
siderably larger than can be 
accounted for by the energy 
supplied by the transmitter in 
unit time — that is the way it 
must be, they say. Some of 
these professionals attempt to 
prove that "real power” flows 
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both ways on the line, by 
referring to the readings of 
so-called directional watt¬ 
meters, and overlook the un¬ 
proved and hidden assump¬ 
tions that their explanation 
involves. 

In this article I will 
attempt to show that power 
cannot correctly be said to 
flow in transmission lines in 
any direction. I will also 
point out inherent fallacies in 
some of the arguments pre¬ 
sented to support the notion 
of power being associated 
with reflected waves. To 
accomplish these purposes, it 
will be essential to have a 
clear understanding of the 
basic definitions of energy 
and of power, and of the 
differences between them. In 
physics, energy is the capa¬ 
bility for doing work. A bent 
spring possesses energy; a 
charge of gunpowder 
possesses energy; an electric 
current possesses energy 
because it can run a motor, or 
generate heat in a resistor, or 
be transformed into electro¬ 
magnetic waves which then 
do work. In such cases, the 
work done (or heat gen¬ 
erated, or electromagnetic 
waves produced) is also 
energy in other forms, in 
compliance with the laws of 


the conservation of energy. 

Power is defined in the 
ARRL Radio Amateur’s 
Handbook (50th edition, p. 
22) as the rate of doing work. 
However, the ARRL now pre¬ 
fers (ref. 1) a somewhat 
different wording, taken from 
the IEEE Standard Dic¬ 
tionary of Electrical and Elec¬ 
tronic Terms (1972 edition), 
as follows: Power is the time 
rate of transferring or 
transforming energy. To 
avoid any misunderstanding 
with the ARRL over the 
correct definition of power, I 
will use the one it prefers. A 
careful look at this definition 
shows clearly that the words 
“transferring” and "trans¬ 
forming” in that definition 
refer to energy, not to power. 
The definition would become 
absurd if it were taken to 
mean that “power is the time 
rate of transferring or trans¬ 
forming power.” Therefore, 
the thing that is being trans¬ 
ferred in an electric circuit or 
transmission line is energy, 
not power. This thing being 
transferred, energy, is what 
flows on the line, and any 
assumption that the defini¬ 
tion supports the conclusion 
that power flows on the line 
is wholly unwarranted. 

There is another cogent 


reason supporting the view 
that power does not flow in 
transmission lines. Power is a 
scalar quantity, that is, a 
quantity completely specified 
by a number (of basic units, 
such as the Watt) and having 
no direction in space, as con¬ 
trasted with a vector quantity 
which requires not only a 
number but also a direction 
for its complete specification. 
Because power has no direc¬ 
tion, it cannot correctly be 
said to flow in any direction 
(ref. 2). But what of the 
power quantity (E) (I) (cos 
©) as measured at the line 
input? Does this mean that 
power is flowing in the line? 
No, it does not. It means that 
the flow of electric energy in 
the line is such as to cause 
work to be done at the rate 
of (E) (I) (cos 0) at some 
suitable place or places in the 
circuit, namely at one or 
more resistive loads (ideally, 
only in the equivalent radia¬ 
tion resistance of the 
antenna). 

I know that it is common¬ 
place to speak of power as 
flowing in rf and other 
electric circuits, and such 
informal speech often carries 
a useful, if inexact, meaning. 
But, in dealing with the 
rather complex phenomena 
on rf transmission lines, it 
becomes essential to use such 
terms as energy and power in 
accordance with their exact 
meanings. 

Having discussed the basic 
definitions of energy and 
power and their significance, 
we can now examine some of 
the fallacies offered in 
support of the conclusion 
that reflected waves on a 
transmission line represent or 
contain power flowing in two 
directions. 

1. An equation has been 
published (ref. 3) in the fol¬ 
lowing form: 



in which, to use the author’s 
words, “the first term to the 
right of the P expresses the 
power associated with the 
incident wave, and the second 
term, the reflected power.” 


Exploding the 

Power Myth 

- - to set the record straight 
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This equation treats power as 
if it were a vector quantity; it 
clearly implies, as do the 
author's words, that power 
flows both ways on the line 
simultaneously, and that 
power flowing one way can 
cancel, partially or wholly, 
the power flowing the other 
way. All of this is in direct 
conflict with the fundamental 
definition and meaning of 
power, as previously 
discussed. 

2. It is sometimes claimed 
that the readings of “direc¬ 
tional wattmeters*’ prove that 
power flows both ways on 
the line, thus representing 
power associated with the 
incident and reflected waves 
(ref. 4). These instruments 
are actuated by samples of 
the line current and line 
voltage (ref. 5). There is no 
uncertainty about the deriva¬ 
tion of these meter readings. 
However, endowing these 
readings with meaning with 
respect to power in the 
incident and reflected waves 
requires two assumptions: 


first, that the incident and 
reflected waves have a 
physical existence on the line; 
and second, that they 
represent power flowing on 
the line. Neither of these 
assumptions is automatically 
shown to be correct by the 
meter readings themselves, 
which, as stated, are actuated 
by line current and line 
voltage, and which would 
continue to be the same read¬ 
ings obtained from the same 
line current and line voltage 
with the same phase angle 
even if the incident and 
reflected waves had no 
physical existence on the line. 
Thus the "directional watt¬ 
meter" readings do not prove 
that there is any power asso¬ 
ciated with these waves, or, in 
fact, that these waves have 
any physical existence. 

3. When the line and load 
are considerably mismatched, 
the “directional wattmeter” 
indicates a much larger for¬ 
ward power (it is said) than 
can be accounted for by the 
energy output capability of 


the transmitter. This has been 
said to be “a normal condi¬ 
tion which must exist in 
order for a mismatched load 
to absorb all the power 
delivered by the source, while 
at the same time reflecting a 
percentage of the total power 
it receives" (ref. 6). But as 
power is the time rate of 
transferring or transforming 
energy, how could the time 
rate of transferring or trans¬ 
forming energy anywhere on 
the tine be greater than the 
energy put into it in unit 
time? This would be manu¬ 
facturing energy out of 
nothing! 

In summary, I have shown, 

I hope, by recourse to basic 
definitions and their 
meanings, that power does 
not flow in transmission lines 
or other electric circuits. I 
feel that there have been 
errors in some of the state¬ 
ments that have been pub¬ 
lished in support of the con¬ 
trary view. It must therefore 
be concluded that reflected 
waves do not represent power 


flowing in a transmission line, 
in any direction. Let us hope 
that professionals (and ama¬ 
teurs, too) will take seriously 
the basic definitions of the 
terms they use so frequently. 
I confess that I have not 
always done so. ■ 
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Exploding the SWR Myth 

- - to set the record straighter 


A s a regular user for 
years of end fed 
antennas, I have felt there 
should be some correct 
length, and some ideal or best 
way to tune the antenna and 
couple it to the transmitter. 
The latter item - the fabu¬ 
lous matchit would peak 
up transmitted signal strength 
very well, rather like tuning a 
receiver pre-selector when 
receiving. (Admittedly a 
flatter response was expected, 
due to lower Q.) 

Signal strength reports 
from contacts did not con¬ 
firm this, nor did a remote 
pickup antenna, with diode 
and indicating meter. So tests 
were made to try to discover 
if the fabulous matchit 
existed, and to find it if it 
did. 


As it had been amply 
demonstrated that an rf 
ammeter in the antenna lead 
gave maximum reading for 
maximum radiated signal, if 
operating frequency and the 
whole antenna-ground system 
remained unchanged, such a 
meter was used as the indi¬ 
cating instrument. 


The Beginning 

Putting the antenna 
directly on the Tx, Fig. 1(a) 
was the start. PA tuning and 
loading controls were far 
from their usual settings with 
the PA dipped, but PA grid 
and anode currents were 
noted, and also antenna 
current. 

The roller-coil favorite 
matchit B was then intro¬ 


duced, set to its usual values. 
Complete readjustment of PA 
tuning was needed. Loading 
was set to get the same plate 
current as before. Hey ho, 
antenna current was exactly 
the same. Nor was any 
improvement possible, with 
changes to L and C, followed 
by PA re-tuning. 

Never mind: Parallel 
tuning of this antenna length 
had often been used, so Fig. 
2(a) was substituted. With 
customary adjustment of this 
parallel matchit, current 
shown by the rf meter was 
exactly as before. So both L 
and C were grossly changed 
from their "correct" values 
for the band, and tap T was 
moved to unusual positions. 
Provided it was still possible 


to load the PA to the noted 
input, antenna current was 
the same with all changes 


Oh, Dear! 

An excellent matchit well 
known for its ability to pro¬ 
vide 1:1 swr on coax from 
the Tx was substituted, as 
shown in Fig. 2(b). With the 
swr at 1:1, antenna current 
stood at exactly the same 
figure as before. With the 
excellent matchit mistuned, 
5:1 on the swr and PA 
dipped, antenna current was 
exactly the same. 

Perhaps the antenna length 
was responsible? It was cut to 
length by the took, and was 
possibly humming with 
resonant energy? 


122 








A B 

Fig. I. Direct connection and roller coaster matcher. 

No, changes to its length signal strength. So what our 

naturally altered the rf favorite matchit does to 

current, but starting again justify its shelf space comes 

from Fig. 1(a), all remained under other headings — it can 

the same. bring an otherwise impossible 

antenna impedance within 
Conclusion the range of the transmitter, 

Provided the PA can be it can let the Tx see a line 

loaded and dipped, any with a low swr, if the Tx or a 

matchit, or indeed none at filter needs that, and it can be 

all, will give exactly the same unfavorable to harmonics 
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a Dead Band to Life 

-- beacon CQer 
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Huntington WV 25704 


Bring 


T his revolutionary new 
concept in repeater 
desi^i centers around an end¬ 
less loop cassette cartridge. A 
thirty second CQ with calling 
instructions was recorded on 
a ninety second endless loop. 

As the loop runs through a 
tape player, one hears the CQ 
followed by a minute of 
silence. When the player out¬ 
put is patched into a trans¬ 
ceiver VOX circuit, the result 
is instant beacon. A word of 


caution on the patch: The dc 
component of the tape player 
output should be isolated 
from the VOX input to pre¬ 
vent nuisance tripping. 

The only disadvantage I 
found with this simple 
arrangement is that it requires 
constant attendance at the 
transceiver. There are many 
times when I would prefer to 
listen for calls in my family 
room with the rest of the 
family. An extension speaker 


was easily added, but the wife 
would absolutely not con¬ 
done the no-signal noise of 
the receiver. Obviously, a 
squelch circuit was in order. 
On the other hand, I had no 
desire to mutilate the trans¬ 
ceiver or decrease its sensi¬ 
tivity. 

An interesting problem 
indeed - how can the noise 
be squelched with minimum 
circuit disturbance? Low 
voltage zener diodes filled the 



ceiver as a beacon station. 


bill. Two diodes, back to 
back in series with the 
speaker, will conduct only 
when their zener vol tages are 
exceeded. Audio output 
level is adjusted so that the 
noise level is just below zener 
breakdown voltage. A SPST 
switch was added to short out 
the zeners for weak signal 
work. 

I realize that this crude 
design could use some refine¬ 
ment, but I leave that to the 
perfectionists in our midst." 


r 
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PRECISION PROFESSIONAL 
QUALITY • 2 YEAR WARRANTY 
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The IC-22 Walkie 

- - portabilization with nicads 



Fig. 1. 


Fig. 2. Charger. 


I t all started with a desire 
to have a multi-channel, 
top quality performance, 
portable transceiver that I 
could carry with me on field 
trips, CD activities, repeater 
maintenance or just about 
anywhere. 

Looking at the problem 
from several different angles, 
I immediately saw that the 
cost of a new HT was just 
about out of the question. 
External battery packs are 
usually cumbersome and 
heavy - even messy. I 
popped the covers off my 


ICOM IC-22A and to my sur¬ 
prise there was plenty of 
room for an internal nicad 
battery pack. In fitting the 
batteries inside, I wanted to 
make the fewest possible 
outside modifications to the 
rig, so as not to detract from 
its clean-cut design. 

The first step in this modi¬ 
fication is to turn off the 
light bulbs. Next, insure that 
the normal external power 
source and the internal nicad 
pack are not paralleled 
together. I mounted a minia¬ 
ture DPDT toggle switch on 


the rear panel to accomplish 
this objective. I needed a 
battery charger input, so I 
connected the positive side of 
the nicads to pin 3 of the 9 
pin accessory socket; pin 8 is 
negative ground. 

Before installing the 
batteries, I decided it would 
be best to eliminate the possi¬ 
bility of the batteries rubbing 
against the bottom of the 
PCBA solder etchings, so I 
placed a piece of heavy gauge 
clear flexible plastic over the 
PCBA etch side. 

Due to the voltage require- 
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merit for optimum perfor¬ 
mance of the IC-22A, I 
hooked up eleven AA rticad 
cells in series, making a 13.75 
V dc battery source. Current 
drain with the lights off is 
approximately 40 mA 
standby, 85 mA RCV, and 
550 mA transmit in the I 
Watt position. If you choose 
to replace the speaker with a 
smaller one, you could fit in 
two plastic 6 pack battery 
holders. But if you do as I 
did, and leave the original 
speaker in, you need one 4 


Flexible plastic protective 
covering. 

pack, one 3 pack and two 
double pack battery holders. 
It is not as neat looking, but 
it does fit without changing 
the original speaker. 

For a nice finishing touch 
you might make up some¬ 
thing sharp, like a black 
leather suede carrying case 
with a shoulder strap. Then 
hook up a rubber duckie with 
a right angle connector, and 
away you go. ■ 
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S^aono-Llrte. 

• Quality for an Economy Price 

• Solid State Construction 

• Linear Switch (FM/SSB) 

• Broad Band 

Model Input Output 


Frequency Price 


702 10W-20W 50W-90W 10Wi(l/70Wout 143-149MH* $139.00 

7028 1W- 5W 60W-80W 1Win/70Woul 143-149MHI $169.00 


Now gel TPL COMMUNICATIONS quality and 
reliability at an economy price. The solid stale construc¬ 
tion. featuring magnetically coupled transistors and a 
floating ground, gives you an electronically protected 
amplifier that should last and last. 

The Linear Bias Switch allows you to operate on either 
FM or SSB. The 702 and 702B are exceptionally well 
suited for 2-meter SSB, Typical power output levels as 
high as 100W PEP can be achieved with the proper drive, 
The broad band frequency range means that your 
amplifier is immediately ready to use. No tuning is 
required for the entire 2-meter band and adjacent MARS 
channels on TPL's new Stxono-line 

See these great new additions to the TPL COM¬ 
MUNICATIONS product line at your favorite radio dealer. 
Call or write lor prices and infor¬ 
mation on TPL's complete line of 
amateur and commercial amplifiers. 
COMMUNICATIONS INC. 

1324 W. 135TH ST., GARDENA. CA 90247*(213) 538.9814 






1S WATT FSTV TRANSMITTED 
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<^>Aptron Laboratories 

Box 323 Bloomington IN 47401 
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The Latest in Counters 

- - an inexpensive modularized 50 MHz system 


Geoffry W, Kufchak WA1UFE 
869 Reed Ave. 

Akron OH 44306 


I finally decided I needed a 
relatively simple but 
effective counter. It had to be 
easy to build and it had to be 
able to count to SO MHz 
without using a prescaler. 
After giving the design 
approach considerable 
thought, I decided on the 
plug-in board method. Then I 
proceeded to break up the 
total circuit into the in¬ 
dividual circuits that make up 
a frequency counter and 
design PC boards for each of 
them. Counter circuits are 
pretty basic and there are 
only so many ways to design 
one, so this one may look a 
lot like others. 1 did, how¬ 
ever, add a few ideas of my 


One of the worst features 
of any counter is the awful 
current drain that the LEDs 
in the display manage to con¬ 
sume. Even with current- 
limiting resistors, 8 digits at 
20 mils per segment can pull 
1.12 Amps. I got around this 
by scanning the display so 
that only one LED is on at a 
time. This reduces current 
consumption by one eighth. I 
also decided to get rid of that 
ridiculous number of re¬ 
sistors, since scanning the 
LEDs gave me a 10% duty 
cycle. This meant that the 
average current through the 
LEDs would be 10% of the 
maximum current without 
resistors. Checking the specs 
for the LEDs I was using 


(MAN8) showed that at 5 
volts the maximum current 
per segment would be 192 
mils (OUCH!). But 10% of 
that is 19.2 mils and is within 
the maximum of 40 for the 
LED. The maximum current 
drain is now reduced to 134.4 
mils when the display is 
showing an 8. 

Another change I made is 
the use of a 74LS90 as the 
first counter in the chain. The 
74LS90 is pin replaceable for 
the 7490 and will count in 
excess of 50 MHz. Some 
designs use the 74196, which 
uses inverted logic as com¬ 
pared to the 7490. The 
74LS90 uses the same logic 
so board design is simplified. 

I also added the option of 



Fig. 1. Time base Oscillator and Divider. 


Fig. 2. Display Scan Unit. 
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Fig. 3. Decimal Counter Unit. 


selectable gates, .01 sec, .1 
sec, 1 sec, and 10 sec. 

Breaking the counter 
down into individual boards, 
there is the Time Base Oscil¬ 
lator and Divider (TBOD), 
Display Scan Unit (DSU), 
Decimal Counter Unit (DCU), 
Gate Control Unit (GCU), 
and Preamp. All these units 
plug into a master board 
which has all the intercon¬ 
necting circuit paths etched 
into it. 

Approximate cost, less 
cabinet, is about $85.00 using 
all new parts, less if you have 
a well-stocked junk box and 
can make the boards yourself. 

Timebase Oscillator and 
Divider 

The TBOD is constructed 
on a PC board that is 3.5” by 
2”. Due to the compactness 
of the circuit it was necessary 
to use jumpers for the fre¬ 
quency outputs. A double¬ 
sided board could be made 
and eliminate that need, but 
in the effort for simplicity I 
decided against it. The TBOD 
consists of a 7400 NAND 
gate for the oscillator and a 
series of 7490s wired to 
divide by 10 in the bi-quinary 
mode. This method gives a 
symmetrical square wave at 
the output, needed for proper 
gate timing. Also, the divide 
by 5 signal is brought to the 
edge of the board, as these 
frequencies are also needed. 
1000 Hz is also used by the 
Display Scan Unit, so it has 
two outputs. 

I was curious as to the 
stability of this circuit, since 
the crystal I'm using only has 
a tolerance of .005%, so I 
checked it against a 1 MHz 
signal with a known accuracy 


of 1 x 10'9. I was quite 
surprised to find that it was 
as good as 1 x 10'8 after a 
one hour warmup, and held 
its accuracy hours later. 

Provision has also been 
made for bringing the 1 MHz 
signal out to the back panel 
of the counter for checking it 
against another signal. 

This is also the most ex¬ 
pensive of the units, costing 
about $15.00 with all new 
parts. 

Display Scan Unit 

The DSU is also built on a 
3.5" by 2" PC board. The 
DSU has a 7492 divide by 
twelve counter wired to reset 
to 0 at the count of ten. 
The BCD outputs of the 7492 
are connected to the BCD 
inputs of a 7442 decimal 
decoder, which is used to 
scan the display LEDs by 
switching the Vcc on and off 
through a PNP switching tran¬ 
sistor. The emitters of the 
transistors are connected to 
positive 5 volts and the 
collectors are routed to the 
anodes of the LED display. 
Pull-up resistors are used to 
keep the transistors biased 
off, along with current 
limiting resistors on the bases. 
If 5 volts does not provide 
enough brilliance from the 
LEDs, a slight modification 
on the board will enable you 
to use a higher voltage for 
switching to the display. Try 
not to use more than 10 
volts, however. More than 
that and the LEDs may bum 

The outputs of the 7442 
are active low. That is, the 
output selected is at ground 
and all others are high. 
Grounding the base of a PNP 
transistor turns it on and 



Fig. 4. Gate Control Unit. 


switches Vcc to the proper 
LED. Because the 7492 is 
wired to divide by ten, the 
scan rate figures out to 100 
Hz. This is fast enough to 
eliminate any flickering, but 
allows enough brilliance for 
normal room lighting. 

With all new parts, the 
DSU costs about $6.25. 

Decimal Counter Unit 

The DCU is constructed 
on a 3.5" by 1.7” PC board. 
Except for the first DCU, all 
use standard 7490s as 
counters. The first DCU uses 
the 74LS90 by Fairchild, 
which was described earlier, 
for a 50 MHz count rate. 
Also, each DCU has a 7475 
quadruple bistable latch, a 
7446 or 7447 BCD to seven- 
segment decoder, and a 


socket for the LED. Any 
Monsanto LED may be used 
here as the pin-outs for most 
of them are identical. I used 
the MAN8, which is yellow, 
simply because I had them. 
However, the large .6” MAN6 
or the .27" MAN7 will also 
plug in. Both of these are red. 

For the LED socket, use 
the already preformed side 
mount socket or be cheap 
and bend the leads of a wire- 
wrap socket like I did. 

The 7475 is used to 
transfer the accumulated 
count of the 7490s to the 
display when strobed by the 
Gate Control Unit. A logic 
one is needed on the clock 
inputs to transfer the input 
information. When the clock 
is low, the latch will store the 
information until the next 



julLLl 



a He 






Fig. 5. Gate Control Timing. 
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Fig. 6. The Preamp. 
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Fig. 7. Power Supply. 


strobe pulse. If the input has 
not changed, the output 
won’t either, if new informa¬ 
tion is present at the input, 
the outputs will change to 
agree with the inputs. 

The outputs of the 7475 
are connected to the inputs 
of the 7447 which decodes 
the BCD to the proper coding 
to display the corresponding 
decimal number on a seven- 
segment readout. 

Four of the DCUs have 
provision for using the 
decimal point so that the 
display can be wired to show 
the frequency in either kHz 
or MHz. One need only wire 
the proper decimal point to 
ground through the gate 
select switch. 

The cost of the DCU will 
be about $6.50 for the 50 
MHz version, and a little less 
than $6.00 for the standard 
version. 


Gate Control Unit 

The original circuit I tried 
for this was unsatisfactory, as 
the time needed for the 
strobe and reset 0 pulses was 
equal to the gate time. On the 
faster gates this was no prob¬ 
lem, but on a 10 second gate 
it could be annoying having 
to wait 20 seconds for 
updating the display. So I 
redesigned it with the basic 
idea that I wanted a 10 
second gate and the resets to 
occur within one second. A 
look at the timing diagram 
may help in understanding 
the operation of this circuit. 
Refer to the schematic for 
lettered lines. Note also that 
the board has a gate LED 
incorporated on it, elimin¬ 
ating the need to front panel 
mount one. It will show 
through the display window 
to the right of the digits. 

The GCU is built on a 3.5” 


by 1.7" PC board. It consists 
of four ICs: a 7492, divide by 
twelve; a 7410, triple-three 
input NAND gate; a 7402, 
quadruple two-input NOR 
gate; and a 74LS00, chosen 
also for the high toggle speed. 

Let us assume we have 
selected a 10 second gate. 
Through the gate select 
switch, 1 Hz and 2 Hz signals 
are routed to the inputs of 
the GCU. One gate of the 
74LS00 is used to invert the 
1 Hz and apply it to the clock 
input of the 7492. Normally 
this 1C would count to twelve 
and reset to 0, but with the 
7410 gate connected to the 
A, C, and D outputs, it will 
be forced to reset at the 
count of eleven. Zero 
detecting the outputs with a 
NOR gate and NAND gate 
will produce a pulse that is 


high for 10 seconds and low 
for one second, which is the 
time between reset and the 
next input cycle. Another 
gate of the 74LS00 is used to 
invert this pulse. 

By combining the inverted 
gate pulse with the 1 Hz and 
2 Hz signals, and then in¬ 
verting the outputs of the 
other two gates of the 7410, 
the Strobe and Reset 0 pulses 
are generated and transferred 
to the rest of the counter. 
Through trial and error it was 
found that there had to be a 
minimum amount of time 
between the two pulses and 
this circuit provides it. Unfor¬ 
tunately, due to the mini¬ 
mum pulse width needed to 
reset the 7490s in the counter 
(50 nsec), the fastest gate 
time allowable is .001 second. 
This is probably faster than 
needed anyway. 

The current limiting re¬ 
sistor for the LED should be 
chosen for the particular LED 
being used. Generally, about 
180 Ohms should be right. 
Any color may be used; I 
used yellow to match the 
display. 

This is also the cheapest 
unit, costing about $4.00 
with all new parts. 

The Preamp 

I finally found a Preamp 
circuit that would work. I 
had tried several others that 
had been published, but had 
terrible sensitivity. This one I 
discovered while reading back 
issues of 73. It is from the 
“Latest K20AW Counter 
Update” in the May, 1975 
issue by WB2UKP. Some 
minor changes were made, 
though. I used a 74LS04 to 
obtain a 50 MHz working 
speed, a 2N708 for Q2, and a 
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Fig. 9(a). TBOD board (full size). Fig. 10(a). DSU board (full size). 


slightly different input 
scheme. Finally, sensitivity 
became livable. A scope and 
rf signal generator (HP 608D) 
showed a sensitivity of 10 
mV from 10 MHz on up. At 
audio frequencies, about 50 
mV was needed for reliable 
operation. 

The reason for all that 
extra space on the board lay¬ 
out is that I hope to, in the 
future, incorporate an on¬ 
board prescaler using the 
11C90 by Fairchild. Pro¬ 
vided, of course, that the 
circuitry is as simple as that 
using a 95H90. With the 
11C90, the counter should 
operate in excess of 500 MHz. 
Power Supply 

Due to the heavy current 
demand, about 1.3 Amps, I 
decided on the circuit shown 
to regulate the five volt line, 
rather than use two LM309s. 
All components can be 
mounted on the rear panel 
with appropriate mounting 
hardware and solder lugs. 
Heatsink the pass transistor 
and LM309K. You can use a 
bridge rectifier module or 
individual diodes. They 
should be rated for at least 5 
Amps at 50 volts. The trans¬ 
former is a 12.6 V ac at 3 
Amps, or parallel two smaller 
rated ones. Use a 2N3055 for 
the pass transistor or a 
suitable substitute with 
similar ratings. The neon pilot 
light is not really needed, but 
I like little frills to dress up a 
front panel. 

The fuses should be of the 
fast blow type. Fuse holders 
mounted on the rear panel is 
the best method, but they 


can be soldered in inside the 
chassis. The power switch can 
be eliminated so that the 
counter is on whenever the 
line cord is plugged in. 

General Construction and 
Testing 

After etching and drilling 
all the boards, install the 
jumpers first because two on 
the GCU are under ICs. Next 
put in the resistors and capac¬ 
itors, and then the transistors 
and ICs. The LED sockets on 


the DCUs come next; then 
install the LEDs. Install the 
sockets on the master board. 

Wire the power supply in 
the case, along with the front 
and rear connectors and 
switches. Secure the master 
board to the case with small 
angle brackets, at least 4 
inches behind the front panel. 
This will allow the boards to 
be installed and removed 
easily. Or the master board 
may be hinged at the bottom 
to tilt back. Next do the main 


wiring from the power supply 
to the master board and the 
front panel switches. Use 
RG-174 for the counter input 
and the 1 MHz test output. 
Location of the controls and 
cutouts is entirely up to the 
builder and depends on the 
case used. 

Before installing any 
boards, check the power 
supply for proper operation. 
If it’s working, turn the 
power off and install the 
TBOD in the 12-contact 
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Fig. 9(b). TBOD component layout. Use jumpers to bring frequency outputs 
per counter. Dot indicates pin 1. 
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Fig. 10(b). DSU component layout. 1 board per counter. Dot indicates pin 1. 


















Fig. 11 (a). DCU board (full size). 


Fig. 12(a). GCU board (full size). 


socket on the left (from the 
front of the counter). An 
accurate frequency counter 
will be needed to set the 1 
MHz oscillator, at least 1 x 
10'8. Turn the power on and 
with the counter connected 
to the 1 MHz test output, 
adjust the trimmer to read 1 
MHz, plus or minus a few 
Hertz. If it won’t adjust, try 
another 7400. This is an 
initial adjustment. After the 
rest of the boards are in¬ 
stalled, and at least a one 
hour warmup period, recheck 
the frequency. Before turning 
off the power, check the 
divider chain for proper fre¬ 
quency outputs. If everything 


checks out, turn the power 
off and install the GCU 
board. Select the one second 
gate and turn the power on. 
If the GCU is working, the 
gate LED will blink on for 
one second and off for 10 
msec. Check the Reset 0 and 
Strobe outputs with a scope 
for a 10 msec pulse. If the 
GCU checks out, turn the 
power off and install the DSU 
board. 

Turn the power on and 
check each of the DSU 
outputs with a scope for 
proper switching. A fre¬ 
quency of 125 Hz should be 
measured. If the DSU is 
working, turn off the power 


and install the DCUs. Turn on 
the power and check that the 
display reads all 0s. If not, 
make sure all the boards are 
in the sockets tight or check 
for unsoldered connections, 
or bad ICs. If all 0s are 
displayed, turn off the power. 

Install the Preamp board 
and turn the power on. The 
display should still read all 0s. 
If not, the DSU may need 
bypass capacitors on the Vcc 
line on the master board. Any 
signal on the Vcc line greater 
than about 20 mV will trigger 
the Preamp and cause false 
counting with no input. Any 
input signal will have to 
exceed this by at least 10 mV 
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Fig. 7 7 (b). DCU component layout. Use side mount socket for LED (see text). One DCU uses 
74LS90 for 50 MHz count speed. 6 or 8 boards per counter. Dot indicates pin 1. 
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Fig. 12(b). GCU component layout. Use sleeving to insulate resistor lead. 7 board per counter. 
Dot indicates pin 1. 


to be counted. This has been 
one of my headaches with my 
counter, although I know 1 
have a bad 7442 in the DSU 
which is causing the problem. 

If you get all 0s on the 
display, proceed to check out 
the whole counter by using a 
signal generator to check the 
frequency response and sensi¬ 
tivity. You may want to keep 
a graph or record of the 
results for future reference. 
My counter showed a sensi¬ 
tivity of 50 mV from 10 Hz 
to about 35 kHz, and from 
10 MHz on up, about 10 to 
15 mV. I didn’t have any way 
to check the frequencies in 
the middle. 

All that’s left to do is 
recheck the TBOD frequency 
and button up. 

Troubleshooting 

If you run into difficulty 
getting the oscillator to zero 
on exactly 1.000 MHz, try 
another 7400. Some will 
oscillate better than others. It 
has something to do with the 
characteristics of different 
batches. You can use a scope 
or another counter to check 
the divider chain for proper 
division. On the GCU, a dual¬ 
trace scope is nice because 
you can check and compare 
the waveforms at more than 
one point and reference them 
to another. Most problems 
here are caused by loose ICs 
in the socket - for me, any¬ 
way. Actually, most problems 
can be cured simply by trying 
a different 1C. If you still run 
into difficulty, look for 
solder bridges, bad connect¬ 
ions, wiring errors, or even 
the possibility of a leaky or 
bad transistor. Well, what 
more can 1 say? Have fun 
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Fig. 13(a). Preamp board (full size). 


Afterthought 

One can save in construc¬ 
tion costs by not using 
sockets for the ICs, although 
it’s a good idea to make 
certain the 1C is good first. 
It's not fun unsoldering them. 
Do use sockets for the LEDs, 
though. The preformed side 
mount ones are best, but a 
wire-wrap socket will do just 
as well if you carefully bend 
the leads with needlenose 
pliers. 

Try for a trade-off 
between price and visibility 
on the display. Sure, those 


PC Edge Connector 
Amphenol #143-012-03 
; 14 Pin DIP Sockets 


3.5 - 20 pF Variable 
E. F. Johnson #274-0020-005 
.005 uF Disc 
1.000000 MHz Crystal 
PC Board 


74LS90 (50 MHz Version) 

7490 

7476 

7446 or 7447 
PC Edge Connectors 
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: Seven-Segment LEDs (See Ti 
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large .6” LEDs are easy to 
read, but expensive. The 
cheaper, .27” ones will work 
just as well, and they can be 
had in different colors: red, 
green, yellow, or even orange. 
Check the ads in the back of 
73 and I'm sure you'll find 
something. 

The Amphenol PC card 
sockets are available from 
Cramer International, 
Newton, Mass., or the local 
office in your area. 

The cabinet will have to be 
at least 3H” high, 10:4" long, 
and 7" deep. Make sure you 
leave at least '//' between the 
LEDs and the back of the 




















The easy $|$ counter hit! 


An easy-to-build 50m Hz (6-digit) 6-1 

Frequency Counter for a measly $25! FREG 
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Fig. 1. Universal 


A nybody building a re¬ 
peater or a remote base 
needs a carrier operated relay 
(COR). A COR is a usually 
simple device that hooks into 
an FM receiver and closes a 
relay when a carrier comes in 
on the receiver. The relay can 
be used to activate a trans¬ 
mitter for repeater applica¬ 
tions or activate any of a 
number of other devices for 
special purposes such as tape 
recorders, meters or alarms. 
Presented here is what I 
believe to be the simplest 
circuit for a COR around. 


The 5 


Steve Uhrig WA3SVIS 
3893 Jumper Hill Lane 
EUicottCity MD 21043 
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COR schematic. 

Unlike most other circuits, 
this one will work on any 
receiver, vacuum tube or solid 
state. 

This circuit was designed 
for mobile applications. I 
wanted something simple, 
solid state, rugged and re¬ 
liable. The final draft meets 
all of these specifications. I 
have two of these circuits in 
my car controlling an on¬ 
board repeater that will relay 
450 MHz to 146 MHz and 
vice versa. With the repeater 
installed in my car I am able 
to use a 450 MHz hand trans¬ 


ceiver and work back to the 
car, firing up my 2 meter 
mobile with 150 Watts on 
any VHF channel. This makes 
the equivalent of a 150 Watt 
HT with a 5 dB antenna. It 
works real well, but people I 
talk to can’t understand why 
they hear 5 squelches drop 
out. 

Now for an explanation of 
the circuit. The whole idea 
centers around any old op 
amp you have lying around 
(within bounds of reason, of 
course ... it works better if 
the op amp is not burned 
out). I have had the best luck 
with either the 741 or the 
709 op amp, but several 
others should work also. 

As shown in Fig. 1, the 
circuit is simple and straight¬ 
forward. Let’s review the 
basics of how op amps work. 
Keeping this explanation in 
mind, the workings of the 
circuit in Fig. 1 should be 
obvious to the most casual 
observer. An op amp is an 


analog device. In a nutshell, 
the gain of an op amp (opera¬ 
tional amplifier) is very high. 
Gains of 100,000 to 500,000 
are not uncommon. Of 
course, the output can never 
go higher than the supply rail, 
so you can see that an input 
to an op amp of 1 millivolt 
will give an output of 10 volts 
even if you run the gain at 
only 10,000. Notice the 
inputs in Fig. 1 marked + and 
-. These are called the non¬ 
inverting and inverting inputs 
respectively. The op amp 
amplifies the difference 
between these two inputs. In 
this application for the COR 
we are using the op amp as a 
comparator. I will stop here 
for a moment and give a 
quick review of the workings 
of a squelch circuit in an FM 
receiver. See Fig. 2 for a 
block diagram of a squelch 
circuit. 

The output of the discrim¬ 
inator will have noise on it 
when there is no incoming 
signal present. When a signal 
does present itself, the noise 
will quiet. A squelch circuit is 
designed to turn off the audio 
stage in the receiver when no 
signal is present so the oper¬ 
ator does not have to listen to 
the noise. With no signal 
coming in, we said there 
would be noise at the output 
of the discriminator. This 
noise (ac) is rectified and the 
dc is amplified by the noise 
amplifier. The dc signal 
developed is used to conduct 
another transistor which in 
turn shunts any audio present 
at the audio stage to ground. 
When a carrier comes in, the 
noise will quiet. With no 
noise present at the rectifier 
in the squelch, no voltage is 
developed and the audio 
amplifier operates normally. 
Now here’s where our carrier 
operated relay does its thing. 
Hang a voltmeter across the 
emitter-collector junction of 
the audio amplifier transistor. 
With the stage off, there will 
be a difference in current 
flow and therefore voltage 
across this junction. 

Notice the inverting input 
of the op amp in Fig. 1. This 
input is hooked directly to 
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Fig. 2. Block diagram of squelch circuit for FM receiver. 


the collector of the audio 
amplifier preamp transistor. 
You can see now that there 
will be a higher voltage on 
this input when the transistor 
is turned off than when it is 
amplifying. The non-inverting 
input of the op amp is tied to 
a reference voltage, in this 
case B+. The reference 
voltage will remain constant, 
but the voltage on the other 
input will shift when a carrier 
comes in on the receiver and 
turns on the audio stage. The 
op amp will amplify the 
difference and drive the out¬ 
put to the full supply rail 
voltage with as little as 1 
millivolt between the inputs. 
The output voltage can be 
used to trip either a low 
current relay or it can turn on 
a transistor. I used a reed 
relay, but any type with a 
coil current of less than 75 
mA is acceptable. Check the 
specs on your particular op 
amp before using anything 
that might draw this much 
current. Under no circum¬ 
stances draw more than 100 
mA from the op amp. 


The Ik pot on the non¬ 
inverting input of the op amp 
sets the reference voltage. 
The setting here will depend 
on where and how you hook 
the op amp to the receiver 
audio stage. Set it so the COR 
trips reliably on an incoming 
signal. Try to keep this 
voltage as low as you can and 
still keep the circuit operating 
properly. The 47k Ohm re¬ 
sistor limits maximum cur¬ 
rent on the input. There are 
probably about six places 
where you can tie the in¬ 
verting input of the op amp 
to the receiver. Anywhere 
you have a voltage change 
between signal and no signal 
will work. If it doesn’t work 
the first time, swap the leads 
to the + and - inputs. It may 
be that you have picked a 
point where the voltage 
swings in the wrong direction. 
Don’t leave out the diode 
across the relay coil. When 
the relay opens up, there is a 
big voltage spike that could 
damage the op amp if the 
diode wasn't there to shunt 
it. 


Another interesting use for 
this COR besides repeater 
applications is to use it to 
inhibit a clock on a scanner. 
Use the transistor output and 
when a carrier comes in on 
the receiver you can kill the 
clock and lock the scanner on 
that frequency. When the 
carrier drops, the clock will 
start up again and resume 
scanning. It is possible to put 
a capacitor in the circuit to 
delay the transistor shutting 
off immediately if you should 
want the scanner to wait a 
few seconds so you don't 
miss any possible reply on the 
channel that was just active. 

Well ... here you have it. 


Construction is simple. I 
build my versions on the little 
printed circuit boards avail¬ 
able from Radio Shack. 
They're a convenient way to 
do it and are small enough to 
fit in anything larger than a 
TR-22. If you desire to use 
the COR on a vacuum tube 
receiver, build a voltage 
divider on both inputs to 
keep the operating voltages 
around 15 or 20 V dc. 
Voltage from the push to talk 
line should be of acceptable 
quality to power the op amp 
if you filter it a little bit. 

There are lots of uses for 
CORs. They’re a lot of fun to 
play with. • 
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Gerald J. Hargett 
Pinefields Farm 
Route 2, Box 68-E 
McCom b MS 39648 


See the World 

and Get Paid! 

- - merchant marine radio officers-, 
part II 


F or illustration we will 
follow a radio officer 
through a routine departure. 
His ship, SS Valiant, is a 
tanker making a transit from 
the port of Houston, Texas to 
the port of New York, New 
York. This trip normally re¬ 
quires a little over five days. 
Our radio officer, "Sparks,” 
is a conservative, thorough 
individual. Often this radio 
officer’s meticulous logkeep¬ 
ing goes beyond the absolute 
minimum regulation compli¬ 
ance. By being overzealous, 
“Sparks” hopes to avoid 
“sloppiness” on essentials. As 
is the custom, our radio offi¬ 
cer is on board the vessel one 
hour before posted sailing 
time. Since the SS Valiant is a 
tanker alongside the terminal, 
transmitter testing is not per¬ 
mitted. However, the other 
items in the pre-departure 
routine can be checked and 
logged. This pre-departure 
testing is neatly typed in the 


log and signed with the 
testing time. The log re¬ 
sembles the following: 

4-25-75 

1400GMT - Pre-departure 
tests, Houston terminal. 
Main and emergency re¬ 
ceivers work properly; B 
battery voltage 88 V dc 
under toad; ship's tine 118 
V ac; emergency battery 
specific gravity 1278, bat¬ 
teries on continuous trickle 
charge of proper polarity; 
auto-alarm checks OK — 
keys after 4 spaced dashes; 
alarm keyer functioning 
normal; speaking tube 
communications to the 
bridge operable; radio 
room emergency lights 
burning normally; antennas 
visually checked and appar¬ 
ently in good order. Trans¬ 
mitters will be tested away 
from dock and radiation 
noted (antenna current). 
Radio room clock checked 
against WWV, 3 seconds 
fast/corrected. All publica¬ 
tions and required spares 
on board. Tester ... 
(signed) 


Once the vessel is cleared 
of the dock, main, emergency 
and lifeboat transmitters will 
be tested. The main trans¬ 
mitter will generally put 
twelve or so rf Amperes into 
the main antenna; the emer¬ 
gency, approximately three 
to four rf Amps. 

Since it is several hours to 
the sea buoy (departure point 
for the sea passage), the radio 
officer is free of watch stand¬ 
ing duties. Sea watches in the 
radio room are from sea buoy 
to sea buoy. Some companies 
require watch standing on 
long river transits. Whatever is 
in the contract will be imple¬ 
mented. “Sparks” will copy a 
weather broadcast from 
Galveston radio, KLC, at 
1730 GMT. This will contain 
Gulf of Mexico weather data. 
Radio officers endeavor to 
copy weather “ahead" so the 
captain can be made aware of 
wind and sea conditions. This 
information enables the 


master to plan the most 
direct and safest routes; it 
also allows for more accurate 
estimated time of arrival 
(ETA) messages. 

At 1900 GMT the ship 
drops the pilot and takes 
departure. The radio officer 
begins watch standing. The 
log is signed noting that a 
listening watch on 500 kHz is 
in progress. Every fifteen 
minutes a log entry is made 
of noted exchanges which 
occurred during that period. 
Silent periods (15-18 and 
45-48 minutes past each hour 
are designated quiet listening 
segments for any distress 
signals) are logged as having 
been observed and as to 
whether or not signals were 
copied. At times the circuit 
will be quiet with no ex¬ 
changes occurring during the 
fifteen minute segment — this 
fact is so logged. Under a 
plexiglas on the operating 
position are schedules of 
traffic lists, weather and 
hydrographic bulletins, 
station frequencies and other 
pertinent data. These 
schedules are kept when 
applicable. From experience 
“Sparks” knows that the bulk 
of company traffic is handled 
through Port Arthur radio, 
station WPA. By following 
WPA’s schedules very closely, 
messages are often received 
minutes after they are filed. 

As the ship gets under 
way, the captain will have 
time to prepare the routine 
departure messages and re¬ 
ports. These are then given to 
the radio officer who will 
process them. This involves 
counting words, noting filing 
time and date, proper 
addresses, etc. The radio 
officer then transmits the 
messages to the appropriate 
station(s). Once cleared, the 
messages are typed on formal 
cablegram blanks and filed 
for end of month processing. 
The master is given the 
original copy. One copy is 
filed for the company to 
receive, and another copy is 
sent to the radio agency for 
abstracting (computation of 
charges). 
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Suppertime comes and 
goes. After a brief recreation 
chess match with one of the 
off duty mates, “Sparks” is 
ready for the evening watch. 
Weather is again copied up¬ 
dating the earlier report. 
Traffic lists are checked for 
close of business day mes¬ 
sages which often are filed. 
The log is kept current. At 9 
pm ship’s time the watch 
ends. Our radio officer sets 
the auto-alarm. This fact is 
noted and the log is signed 
out. 

This ebb and flow of 
routine matters allows the 
voyage to New York to pass 
quickly. The radio officer 
may be asked to check the 
radar or loran or DF, minor 
problems may develop in one 
of the receivers or trans¬ 
mitters, or orders may be 
received to proceed abruptly 
to some other destination. 
Each day brings its own 
challenges. After eighty days 
on the tanker, the radio 
officer will be relieved for 
forty-five days paid vacation. 
This time will be used to rest 
up from the sea routine. 
Perhaps “Sparks” has some 
budding business interests - a 
farm or rental properties to 
attend, or some recreational 
development. Some radio 
officers simply enjoy 
spending a large amount of 
time off with the family. 
Whatever the preoccupation, 
the time passes once again 
and “Sparks'’ will be notified 
to report back to the same or 
some other vessel. The radio 
officer will bring his or her 
growing electronic knowledge 
and experience to bear once 
again on any situation the 
next eighty days on ship¬ 
board will bring. 

Traffic Handling 

Traffic, messages sent and 
received, take up a good 
portion of a radio officer's 
watch time. Commercial 
operators have always prided 
themselves in their ability to 
handle a large volume of 
traffic with dispatch. The 
commercial operator is 
trained to copy with one 


hundred percent accuracy 
exactly what he hears. Most 
operators become proficient 
enough with the typewriter 
to almost sign their names. 
When one considers the high 
costs of operating oceangoing 
vessels today, one appreciates 
the need for accuracy in 
messages. Costly cargo opera¬ 
tions, tugboat standby time, 
or overtime for repair people 
can all be the direct result of 
inaccuracies in cables. That is 
one reason every commercial 
operator carefully checks a 
received message for word 
count before acknowledging 
(QSLing) it. 


The ability of commercial 
operators to handle traffic 
well is due in part to standard 
operating techniques. Crisp, 
snappy Morse exchanges with 
no superfluous sending are 
the key to professional radio 
operating. For those not 
familiar with commercial 
procedures a contact will be 
briefly outlined. Ship station 
KAVQ wants to send traffic 
to coast station WPA, Port 
Arthur radio, using the 12 
MHz band. The radio officer 
tunes his receiver to WPA’s 
marker frequency (12840) 
and then calls on KAVQ’s 
calling frequency (duplex 


operation). Station WPA is 
constantly scanning the 
calling band. Rigid FCC rules 
must be adhered to regarding 
length and spacing of calls. 
WPA hears KAVQ calling and 
communication is established. 
The ship station will change 
(QSS) to the FCC assigned 
working frequency after 
advising WPA which this is so 
Port Arthur can tune its re¬ 
ceiver to KAVQ’s working 
wave. Once QSS is accom¬ 
plished and communication 
established, KAVQ asks WPA, 
“QRV?” (Are you ready to 
copy?) WPA sends K and 
KAVQ responds as follows (a 
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“dummy" message for illus¬ 
tration): 



Examining this message we 
find the following: 

Preamble: Consisting of 
message class (MSG), number (1). 
word check (8), date (16), and 
time (1423 GMT) of filing. A BT 
is sent signifying to the receiving 
operator to throw the carriage of 
the typewriter as a break is 

Address: This is usually a 
cable address such as '’Keystar” 
followed by the name of the city 
in which addressee is located 
(New York). Again a BT signifies 

Text: The actual message it¬ 
self. Followed by BT. 

Signature: Not always con- 

ill counting words, each 
word in the address, text, and 
signature is counted. As an 
operating aid the signal AR is 
sent at the end either of the 
text after BT or after the 
signature to indicate the end 
of this particular message. If 
another message is to follow, 
the operator will simply send 
the class designation after the 
AR. For example, after AR 
the radio officer will send 
NRT to indicate another 


message of the NRT type will 
be sent. The coast station will 
acknowledge with a “QSL" 
and indicate a “K" or “QRV” 
to let the sending operator 
know the next message can 
be sent. 

When the coastal station 
has a message the same for¬ 
mat is followed. In place of 
the ship's name in the 
preamble will appear the city 
of message origination. 
Rather than a cable address, 
the message will be addressed 
to the vessel; usually the 
master’s title will precede the 
vessel's name. Thus: 



Traffic handling facility is 
acquired through practice. 
Time spent listening to top 
professional commercial oper¬ 
ators at the busier marine 
stations (WCC, WSL, JCS, 
etc.) is a good investment. 
With experience the begin¬ 
ning radio officer will appre¬ 
ciate the skill involved in 
apparently simple, efficient 
exchanges of Morse. The 
master operator sends not 
one unnecessary dot or dash. 

Mechanics of counting 
words (doubles, triples, etc.). 


assigning prefixes, and 
routing messages is acquired 
through usage and imitation 
of accepted commercial 
practices. ITT Mackay Marine 
has a comprehensive “Radio 
Officer Manual” which details 
message processing as well as 
a wealth of other informa¬ 
tion. All ITT Mackay con¬ 
tract ships have a copy of this 
text. RCA has a similar publi¬ 
cation on its contract vessels. 
With practice and attentive 
listening, a new radio officer 
will soon become proficient 
in traffic handling. 

Standard Shipboard Publica¬ 
tions for the Radio Officer 

All licensed shipboard in¬ 
stallations are required to 
have on file the following 
publications in order to meet 
with full FCC compliance. 
Required documents are 
included in the list. 

1. Valid station license. 

2. Valid operator license. 

3. Required station logs. 

4. Alphabetical list of call- 
signs of stations used by the 
maritime mobile service 
current edition. 

5. List of ship stations - 
current edition. 

6. List of coast stations 
current edition. 

7. List of radiodetermina¬ 


tion and special service 
stations. 

8. Manual for use by the 
maritime mobile service 
ITU Geneva. 

9. Part 83 of FCC Rules 
and Regulations. 

With the above reference 
publications, the ship may go 
3ny place in the world and 
the radio officer will be able 
to locate appropriate coastal 
stations, their schedules, 
tariffs, routings, time ticks, 
and other needed data. A few 
explanatory paragraphs will 
be given regarding the publi¬ 
cations and documents. 

1 and 2, A valid station 
license is extremely impor¬ 
tant. The radio officer should 
inform the master if the 
license is nearing expiration. 
Heavy penalties are incurred 
for invalid licenses. It is 
assumed the radio officer's 
licenses are current and 
posted. 

3. Station logs as well as 
other required stationery are 
usually supplied by the con¬ 
tracting agency. Message 
blanks, requisition forms, and 
work orders are all supplied 
by the husbanding radio con¬ 
tract company. Other normal 
stationery items (pens, 
pencils, notepads, etc.) are 
supplied by the particular 
steamship company. The 
radio officer is responsible for 
keeping the inventory at 
reasonable levels: usually six 
months of supplies are con¬ 
sidered adequate. 

4. A quick reference 
manual for identifying ships 
or coastal stations from their 
assigned call letters. New 
editions are constantly being 
published to keep the radio 
officer abreast of changes. 

5. This is a more elaborate 
manual (over 500 pages) 
listing ships alphabetically by 
name. Pertinent data is given 
for each ship: type of equip¬ 
ment (telephone, telegraph, 
etc.), hours of service, ship 
classification and other useful 
information concerning the 
communications ability of 
the vessel. The present 
edition contains inlormation 
on over 52,000 stations. 

6. Perhaps the most 






important and useful publica¬ 
tion. It gives the radio officer 
a tool which can direct him 
or her to unfamiliar ports of 
call. The list contains 
pertinent information on 
coastal maritime stations 
around the world. It is repub¬ 
lished every two years; 
supplements are issued every 
six months. This manual con¬ 
tains three parts: a. Alpha¬ 
betical index of coast 
stations; b. Full particulars of 
each station — frequencies, 
operating times, traffic 
listings, particular communi¬ 
cation procedures; c. An 
annex which gives inland tele¬ 
graph rates, tariffs, and other 
monetary information. Once 
a radio knows the vessel’s 
itinerary, this publication can 
be consulted and schedules 
planned. 

7. The manual of radio¬ 
determination and special 
services can be considered the 
next in relative importance. 
Part A of it gives an alpha¬ 
betical index of all stations 
listed. Part B gives the partic¬ 
ulars of these stations. The 
most useful of these are the 
areas of radiodetermination 
(direction bearing stations), 
time signal information for 
accurately setting of chro¬ 
nometers, and stations 
dispensing medical advice. 
The publication is complete 
and comprehensive. The 
present edition contains 750 
pages. 

8 and 9. These publica¬ 
tions contain regulatory 
matter. The first has chapters 
on internationally agreed 
regulations and procedures; 
the second contains the 
Federal Communications 
Commission’s regulations for 
the Maritime Mobile Service. 
These are excellent operating 
aids. 

Besides the above publica¬ 
tions, each radio room will 
have on file the various oper¬ 
ating and technical manuals 
covering the electronic equip¬ 
ment installed. These repre¬ 
sent invaluable service tools 
and maintenance aids. They 
give prints, upkeep informa¬ 
tion, parts nomenclature, 
troubleshooting procedures, 
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and correct operating tech¬ 
niques. Almost any repair 
situation can be solved 
through judiciously studying 
the manual. If an exact 
remedy cannot be found, the 
general area of fault can 
usually be determined — in¬ 
formation helpful in ordering 
shore repairs. 

Basic Electronic Maintenance 

Newly documented radio 
officers channel their efforts 
at first to learning the “radio 
operating" aspect of the 
profession. However, it will 
soon become evident that 
more is expected of a ship’s 
radio officer. As indicated in 
other sections, the actual 
operation of the radio station 
becomes routine with ex¬ 
perience. A radio officer's 
other responsibility is the 
proper maintenance of the 
station as well as other elec¬ 
tronic equipment within his 
or her ken. In addition to the 
receivers, transmitters, power 
supplies and chargers located 
in the radio room, a com¬ 
petent sparks also will keep in 
proper operating order the 
radars, loran, direction finder, 
recreation shortwave re¬ 
ceivers, and televisions on 
board the vessel. A person 
who can handle this varied 
array of equipment, keep 
shoreside repair bills to a 
minimum, and obtain maxi¬ 
mum performance from the 
communication and naviga¬ 
tion gear is much sought after 
by companies and captains 
alike. This section will delve 
into some very basic concepts 
of shipboard electronic main¬ 
tenance. The subject is an 
exhaustive topic and spans 
the life and career of each 
radio officer. 

All electronic equipment 
contains normally a combina¬ 
tion of electronic circuitry 
and mechanical movements 
(dials, drives, relays, multi¬ 
contact switches, etc.). While 
this apparatus is designed to 
operate in a vigorous salt air 
environment, the pounding of 
the ship, exposure to heavy 
humidity, and operation by 
many individuals all take 
their toll on equipment per¬ 


formance. One simple, basic 
preventative maintenance 

program is to keep the equip¬ 
ment clean of salt and cor¬ 
rosion. Wiping surfaces, 
cleaning and lubricating 
contacts, burnishing pitted 
relays, lightly greasing cams, 
gears, chain drives, reseating 
tubes and crystals to remove 
any corrosion from forming 
on pins - all these elemen¬ 
tary procedures will con¬ 
tribute to optimum operation 
of electronic gear. 

Electronic apparatus 
employing high powered elec¬ 
tron tubes can be disabled 
through a simple filament 
break in one of the high 
temperature tubes. This is a 
basic defect to investigate 
when this type of equipment 
fails. Power transistors are 
subject to the same type of 
thermal punishment and 
often open or short under 
such pressures. 

Electronic troubleshooting 
requires organized logical 
thinking. No matter how 
complex the unit to be 
serviced, it contains the 
workings of the three basic 
electronic circuits: rectifiers, 
amplifiers and oscillators. If a 
person has a sound grasp of 
the operation of these 
circuits, the defective element 
(resistor, coil, capacitor) can 
often be pinpointed through 
simple voltage and resistance 
measurements. The prints 
contained in the manuals 
offer clues as to what proper 
readings should be found. 
Any wide deviation from 
suggested call-outs in an elec¬ 
tronic print should alert the 
radio officer to seek reasons 
for the deviation; often the 
"reasons" will be the faulty 
component located. 

As with radio operating, 
one becomes proficient in 
basic maintenance and 
troubleshooting of gear with 
experience. Certain faults will 
occur over and over. Even¬ 
tually symptoms will be 
immediately recognized and 
the fault will be rapidly re¬ 
paired. Many radio officers 
work at one time or another 
at repair depots ashore. These 
are either electronic main¬ 


tenance companies, television 
repair facilities or two-way 
radio repair terminals. This 
shoreside experience is 
valuable. Techniques are 
developed which speed ser¬ 
vicing. Much can be learned 
from senior technicians with 
many years of experience. 
These people are usually 
more than willing to share 
their experiences with 
beginners. 

It is well to note at this 
point that radio officers 
receive base wages for the 
eight hours (normally) watch 
standing. All repair/main¬ 
tenance work is additional 
compensation earned outside 
watch hours. Shipping com¬ 
panies have found even with 
the overtime paid they still 
are ahead economically. 
Large service companies of 
necessity charge high rates. 
They may have to travel long 
distances, wait hours for 
delayed arrivals, and in 
general contend with costly 
overhead expenses. 

With advances in modern 
day technology, satellite com¬ 
munication capabilities, and 
automated telex (unattended) 
terminals installed aboard 
ships, it is very possible that 
i ntemational and national 
regulations will be amended 
some day possibly eliminating 
the traditional role of radio 
officer as presently known. 
However, it is the consensus 
of all those knowledgeable in 
shipboard manning policies 
that a place will always be 
available on a vessel’s articles 
for some type of “electronic 
officer,” a person (male or 
female) who can cope with 
sophisticated equipment and 
effect repairs necessary to 
keeping communications 
“alive" between the vessel 
and shore. No one will 
venture how far into the 
future this situation will 
materialize. However, the 
technology is available today. 
Regulatory agencies, how¬ 
ever, require lengthy periods 
to legislate major changes. 
The person who keeps aware 
of advances in communica¬ 
tion electronics, broadens his 
or her electronic expertise 



through study and applica¬ 
tion, and brings a common 
sense practical trouble¬ 
shooting approach to repair 
situations has taken positive 
steps to enhance his or her 
worth to the company and 
keep the job secure. 

Goals 

It is hoped that the reader 
has found helpful informa¬ 
tion in these pages. I have 
attempted to bring together 
material aimed at positive 
means of joining the ranks of 
radio officers. As in many 
narrow specialties, it is diffi¬ 
cult to “break in” the pro¬ 
fession of radio officer. The 
rewards as hinted are ample 
for those who pursue the 
necessary courses of action to 
qualify. The opportunities are 
open to both men and 
women. Foreign flag vessels 
have employed female radio 
officers for years. Many of 
these women, in addition to 
sending beautiful commercial 
CW Morse, are competent 
electronic technicians. 

As in any profession one 
encounters the excellent, the 
mediocre, and the incom¬ 
petent. Anyone seriously 
endeavoring to embark on a 
seagoing career as a radio 
officer is wholeheartedly 
encouraged to strive for ex¬ 
cellence in performance. Con¬ 
scious awareness of sending 
good CW, meticulous log¬ 
keeping, faithful performance 
of required tests, error-less 
copies of messages, weather 
reports, hydrographic 
bulletins - all these mark the 
truly professional radio 
officer. After becoming 
settled in commercial radio 
operating, further study to 
acquire the radar endorse¬ 
ment on one’s license will 
enable the holder to perform 
more complex maintenance 
on these units. Passing the 
higher code test after a full 
year’s service is acquired will 
grant the radio officer the 
first class radiotelegraph 
license, the apex in certifica¬ 
tion. Proficiency in repair and 
maintenance of electronic 
equipment will bring addi¬ 
tional financial remuneration 



as well as a gratifying sense of 
technical achievement. 

A sincere "73" and best of 
luck. May your efforts 
toward becoming a Merchant 
Marine radio officer be 
crowned with success. ■ 


APPENDIX A 

Maritime Station Information 
Traffic Lists 
Weather Schedules 
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All Time GMT 




APPENDIX B 
Employment Sources 

There are two national 
maritime radio officer unions. 
Each of these unions has 
branch offices in all major 
port cities of the United 
States as well as keeping 
headquarters located in New 
York City. 

The first of these two 
unions is the American Radio 
Association, an AFL-CIO 
affliate. This union has num¬ 
erous companies under con¬ 
tract: Lykes Brothers Steam¬ 


ship Company, Keystone 
Tanker Company, and Ameri¬ 
can Export Lines, to mention 
only a few. Additional infor¬ 
mation can be acquired from 
either the headquarters in 
New York or any of the 
many branch offices located 
around the country. A person 
shipping via a union hall 
usually registers at the office 
nearest his or her home as 
transportation reimbursement 
will be calculated to and from 
this point. 

Of interest to radio officer 
aspirants is the Free Press 
which the American Radio 
Association (ARA) sponsors 
each Sunday at 1818 GMT. 
ITT Mackay station WSL, 
Amagansette, N.Y., transmits 
this weekly Press on fre¬ 
quencies (in kilohertz) 6414, 
8514, 13078, 17021 and 
22485. Items in this Press 
concern maritime happenings 
of the past week. Special 
interest is shown in this press 
when new contracts are 
pending: complete details are 
generally sent. 

The second national radio 
officer union is named, 
appropriately enough, Radio 
Officer's Union. This union 
also has branch offices in 
major port cities. Companies 
which utilize men from the 


ROU, such as Mobil Oil, 
Delta Line, and many others, 
depend upon the union to 
recruit enough members to 
fill any vacancies which 
occur. 

Government agencies 
responsible for crewing of 
specialized vessels represent 
an excellent source of 
employment. United States 
Coast and Geodetic Survey 
vessels hire qualified civilians. 
These ships make fine berths 
for a person to enter com¬ 
mercial radio operating. One 
may even opt to remain as a 
civil service employee as a 
career. Generally the pay 
scale on such vessels is lower 
than on other commercial 
ships. Thus a large turnover in 
manpower is ordinarily ex¬ 
perienced. Military Sealife 
Agency (MSA), with offices 
in New York and San Fran¬ 
cisco, concentrates its efforts 
using civilian crews to operate 
vessels which carry exclu¬ 
sively military cargo items. 
The Corps of Army Engineers 
occasionally requires radio 
officer personnel on its large 
offshore dredges and supply 
boats. 

Private research and ocean¬ 
ographic companies generally 
hire radio officers for up¬ 
coming projects. Herein lies 
potential employment leading 
to the six months’ endorse¬ 
ment, as many of the research 
vessels are voluntarily 
equipped. Texas A & M 
University operates one such 
vessel. The Woods Hole, Mass, 
project has its project ship. 
Inquiry can be made of oil 
consulting firms which 
operate survey type boats 
requiring the services of radio 
officers. 

Besides the national 
unions for radio officer regis¬ 
tration, many smaller steam¬ 
ship and tanker companies 
hire individuals without 
union affiliation. Most of 
these “independent” com¬ 
panies do have “indepen¬ 
dent” or company-organized 
unions with membership 
optional. Such companies are 
Hess Oil, Sabine Tankers, 
Exxon U.S.A. Tankers, Sun 
Oil, and many others. 


Inquiries of one of these com¬ 
panies will generally glean 
“leads" to other companies 
who hire independent of 
union affiliation. Time spent 
researching the yellow pages 
of the phone directory of any 
large port city will lead to 
positive and plentiful 
potential employment 
sources. 

APPENDIX C 
Types of Equipment 

Any licensed United States 
Maritime Mobile Radio 
Station is required to have 
certain minimum equipment 
to satisfy compliance with 
F CC regulations. Compul¬ 
sorily equipped vessels gen¬ 
erally will have the following 
electronic items in the radio 
room: 

Reserve Receiver: This can 
be operated from battery 
supply voltages in an emer¬ 
gency. Frequencies covered 
by this receiver must be in 
the 15 kHz through the 650 
kHz spectrum. Most older 
installations use superrengen- 
erative receiver circuitry. 
More recent installations use 
low power consuming transis¬ 
torized heterodyne principles. 

Main Receiver: This is gen¬ 
erally an extremely well built 
double or triple conversion 
superheterodyne circuitry 
receiver which operates off 
the ship’s mains. Modern 
RCA and ITT Mackay re¬ 
ceivers cover 80 kHz through 
30 MHz in numerous bands. 
For convenience, each band 
usually tunes a 500 kHz seg¬ 
ment of the band desired at a 
time. The RCA 8516 model is 
one example of a modern 
shipboard general coverage 
receiver. All modes (AM, CW, 
SSB) of reception are 
included as well as a variable 
bandwidth to help copy 
signals on crowded bands. 
The ITT Mackay 3010C has 
become a standard of ex¬ 
cellence for shipboard re¬ 
ceivers. It is rugged, stable, 
versatile and costly. Made to 
rigid commercial specifica¬ 
tions, this receiver gives years 
of service with minimum 
maintenance. Terminology 
varies regarding the "reserve" 


and "main” receiver con¬ 
cepts. 

Main Transmitter: These 
installations cover 400 
through 535 kHz and range in 
output power from 200 Watts 
to a thousand. The more 
common main transmitters 
put 250 to 500 Watts into the 
antenna. Both A1 and A2 
emission modes are contained 
in the units. Output configur¬ 
ations of these transmitters 
enable a wide variety of 
antenna types to be used. 
Most popular is the longwire 
and vertical (top hat) loaded 
antennas. 

High Frequency Trans¬ 
mitter: These installations are 
the units which usually get 
the “communicating" done 
over long distances. It is quite 
normal to consistently 
"work” home stations half¬ 
way around the world. These 
HF transmitters generally 
cover 2 MH through 24 MHz. 
Crystal controlled oscillators 
eliminate off frequency 
excursions. Generally a ship 
will have two calling fre¬ 
quencies and two working 
frequencies in each of the 
harmonically related marine 
bands of 2, 4, 6, 8, 12, 16, 
and 22 MHz. Thus a poten¬ 
tially large number of chan¬ 
nels are available for needed 
communications. Emission of 
the HF transmitters is Al; 
however, some units combine 
AM telephone operation per¬ 
mitting A3 operation in allo¬ 
cated bands. The FCC has 
legislated that no amplitude 
modulation be permitted 
after 1977. Ships will then be 
required to use the 
suppressed carrier single side¬ 
band transmission mode. 
Many ships today are SSB 
equipped for its excellent 
communication ability. 

Reserve Transmitter: Like 
the reserve receiver, this must 
be capable of operating off 
emergency battery voltage. 
These units cover 350-515 
kHz using A2 emission with 
output power in the 50 Watt 
range. Versatile antenna net¬ 
works allow matching of even 
random wire lengths should 
critical situations require this. 

Auto-Alarm: The purpose 


of this device is to stand a 
watch on the distress fre¬ 
quency when the radio 
officer is unable to either 
because he is off cuty or 
because of other extenuating 
circumstances. The inter¬ 
national alarm signal consists 
of a series of dashes four 
seconds in length, separated 
by spaces having a duration 
of one second. Auto-alarms 
designed to meet FCC specifi¬ 
cations are arranged to 
actuate an audible alert (bell) 
when four correct dashes and 
spaces have been received. 
Modern alarms utilize tran¬ 
sistor circuitry achieving high 
reliability. Older alarms, 
through a system of stepping 
relays, require more main¬ 
tenance to keep the mechani¬ 
cal system operative. The 
auto-alarm receiver covers 
492 to 508 kHz. Nominal 
standard signal is of 50 micro¬ 
volts. 

Auto-Alarm Keyer: This 
unit is operated in conjunc¬ 
tion with the main trans¬ 
mitter and will send out, 
mechanically, the appropriate 
alarm actuating signals. 
Standard procedure is to send 
the keyer signal for a minute 
followed by the SOS message. 

Battery Charger(s): The 
radio officer is responsible for 
keeping the emergency 
batteries in a good state of 
charge (specific gravity of 
1278 or so). Battery charging 
devices are part of most con¬ 
soled equipment which can 
be manually or automatically 
operated. 

That is the very basic radio 
equipment found on com¬ 
pulsorily fitted vessels. More 
elaborate installations will 
include VHF/SSB/AM radio¬ 
telephones, facsimile receivers 
and machines, radioteletype 
equipment, and perhaps 
satellite communications 
facilities. 

Bridges of vessels are fitted 
with sundry electronic 
devices. Loran, omega re¬ 
ceivers, Decca navigator gear, 
ten and three centimeter 
radars, collision avoidance 
computer systems, auto- 
piloting systems, and remote 
radiotelephone installations 




APPENDIX D 
Antennas 


develops among radio engi- 


com- better the radiating facilities 
adern connected to a transmitter, 
the more economical and 
efficient use is made of the 
power required to produce 
increased output. Thus, ship- 
often board antennas are very 
engi- important devices which 


tant, a higher powered trans- Earlier shipboard radio 
mining system or a re- history details that simple 

designing of the antenna longwire antennas worked 

his answer will not efficiently for the medium 

ly satisfy both frequencies being generated, 

t is sufficient for Even today the best radiator 

purposes here: The for the 400-500 kHz band is a 


good longwire stretched as far 
as possible between two 
points aboard the vessel. 
Ships with such longwires 
work coastal stations at far 
greater distances then sister 
ships equipped with verticals. 
However, once high fre¬ 
quency transmission became 
commonplace, the vertical 
antenna proved to be an ex¬ 
cellent device for shipboard 
installation. Rugged and effi¬ 
cient, a vertical cut for the 8 
MHz band and properly 
loaded for others can effect 


around the world communi¬ 
cations when linked to a 
transmitter in the 200-500 
Watt output class. In special 
class vessels where longwires 
cannot be located, the 
verticals are coil loaded to 
resonate on the lower fre¬ 
quencies. This is inefficient 
and the range of communica¬ 
tion diminishes. Most ships 
will have a combination of 
longwire(s) and vertical 
antennas to take advantage of 
the inherent characteristics of 
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Tfaetet 


FT-30 ID All Solid State 
D igital 160-10 M Trans¬ 
ceiver. 40 or 200 PEP. 
Prices start at $535.00 

KENWOOD'S 

LATEST 

TS-820 - 10-160M. New if 
shift — dial lock — lots of 
features. Would make 
"Santa" a beautiful present. 


252 Patton Ave.,Asheville, N.C. 2 
PHONE: (704) 254-9551 


QSL FORWARDING 

To US (all K,W)-3c par card, to other han 
or ISWL«-4c. 10 percent discount to mem 
ben of participates clubs - just send me a 
list of members' calls & a single address. 

W7IZH QSL SERVICE 
Box 17987-S 
Tucson, AZ 85731 


FOR SRLE 

EARLY ISSUES of 73 and Ham 
Radio. 10 years of QST. SASE for 
listing and prices. 

W.J. Schuch, 

P.O.Box 815, Destin FL 32541. 


Iron Powder and Ferrite 

TOROIDAL CORES 

Wide selection - Large stock 
one-day service 

Technical data with each order w . 4 

Write For free Tech-Data-Flyer^ 

AMID0N.. 

y-\bbmm 

12033 Otsego Street, North Hollywood, Calif. 91607 


Sensational price! 
Superb quality * 


169 * 119 * 



9 A counter-offer you can’! refuse! It's rock-bottom 
price and sky-high quality make it your best buy! 
We've proved it to thousands Let us prove ittoyou! 

• lOOmHz Readout • Ham, CB, & Commercial Bands 

• 1 Hz Optional • Master Chg JB. Amerlcard OK 

•Crystal Time-Base • Add$2Shipping 

All counters can be factory wired and tested. 




Write or caff today! 

P.O.Box357, Dept 55 
Provo, UT 84601 (801) 375-8566 






F, Raymond Dewey 
7 Caroline Dr, 
Bennington VT 05201 


Watch DX 


with a Spectrum Analyzer 


- - seeing is believing 


I f you’ve ever seen or used analyzer to view as much as bands. I therefore decided to band or a broadcast band and 

a spectrum analyzer, you 1()0 kHz of the band. build an external converter to there isn’t anything else, 

know how valuable they are. Unfortunately, some ama- convert the low band i-f up to The completed circuit is 
After calling CQ you can see teur and general coverage the high band i-f required by shown in Fig. 3. It’s simple, it 

the signals replying without receivers change mixer output the analyzer (as shown in Fig. works, and best of all, it’s 

touching the receiver. When frequencies for different 2). cheap. Resale value is not 

chasing DX you can see the bands (as shown in Fig. 1 for The oscillator is not noticeably affected so long as 

weak signal before hearing it the Hammarlund HQ-180). critical, but should be crystal the extra 22 kS2 resistor is 

and therefore tune more care- With this type of receiver, controlled for stability. How- removed prior to sale, 
fully. An analyzer is useful either 2 spectrum analyzers ever, I was reluctant to spend Construction was not criti- 
for finding clear spots in a must be used, or one analyzer any money at all, and the cal, except keeping the input 

crowded band or weak signals to cover only a portion of the receiver just happens to have away from the output. The 

in a quiet band. receiver tuning range, or one a crystal oscillator which isn’t diodes can be almost any 

Connecting the analyzer to analyzer with an external doing anything when the decent switching type, but 

your receiver is no problem, converter. With cash output receiver is tuned to the low should be germanium (hot 

The analyzer input signal is already exceeding income, bands. With the addition of a carrier diodes might be an 

obtained from the plate of the XYL was not exactly 'h Watt resistor, I now have improvement). The input 

the first mixer stage of the happy about buying another my oscillator, and if the transformer is normally used 

receiver. The frequency analyzer. Having used the mixer is passive, no external as an FM descriminator and is 

response at this point is quite analyzer on the high bands, I power supply is required, therefore quite broad-banded, 

broad and enables the was lost without it on the low Granted, I now have a The output transformer 



Fig. /. 


Fig. 2. 

























DXing with a 
Weather Map 

- - a new 
6m DX technique 


D. J. Brown W9CGI 
RR 5, Box 39 
No blesviUe IN 46060 


S ince I read all the propa¬ 
gation reports, I decided 
it was about time to chime in 
my two cents worth (15 years 
worth to be more precise). 
This is an article on the 
propagation of radio waves - 
6 meter radio waves to be 
exact. As anyone can tell by 
my past VHF articles, I am 
addicted to that portion of 
our bands. 

There is one BIG factor in 
6 meter propagation many 
seem to overlook except for 
some of its groundwave 


effects - WEATHER! 

Nearly all large newspapers 
cover the only information 
you really need. I’m referring 
to the little map that shows 
all the little high and low 
pressure cells floating around 
and the fronts are shown, 
too. If you can copy the 
weather satellites, all the 
better, but at least make sure 
what time your newspaper 
map was drawn up for, as 
there is a lag from weather 
bureau to news desk, to press, 
to you. You will need to 


adjust for that difference, as 
weather is everchanging. 

The trick for single hop 
DX (I know, E layer and all 
that jazz be darned) for us 
has been to find a low 
pressure (storm type - 
mucho electrons excited) cell 
about halfway between us 
and where we want to go. If 
you can draw a straight line 
(allowing for the Earth’s cur¬ 
vature) from you to the 
desired destination, and hit 
the “edge’' (not middle) of 
one of these cells, you are 
home like a bandit. More 
than 50% of my DX work has 
occurred on a dead band! 
There is much pleasure in 
this, too, until everybody else 
wakes up, since your contacts 
can be many minutes long 
and quite rewarding — not 
S-9-9 contest style. 

In order to explain the 
edge of the storm cell theory, 
and since no one (including 
me) seems to ever remember 
it by the direction of wind 
circulation around the cell, 
let’s take a storm cell (low) to 
your West. Aim to go 
‘’under’’ it as it appears on 
the map. Example: I am in 
Indiana, target is California, 
and cell is right on a line from 
Indianapolis to San Francisco 
and about halfway between. 
Aim on the Los Angeles side, 
not the upper or Sacramento 
side. Reverse this and go 
"over” storms to your East, 
left of storms to your North, 
and right of storms to your 
South. All this is with refer¬ 
ence to a map laid before you 
with the North direction to 
the top, which is the normal. 


I neither know precisely 
why this works, nor why the 
other side of the low cell 
doesn't work - nor does 
either side of a high pressure 
cell regardless of its size or 
intensity! I assume it has 
more to do with the electrical 
charge and intensity than the 
barometric pressure itself. 

I sincerely would appre¬ 
ciate hearing any and all 
reports of success or failure 
using this method; as for me 
it has proven almost 90% 
effective. Give it a chance to 
work before you panic and 
scream. Also, anyone who 
believes he can explain why it 
works is welcome to do so. I 
do things because they work 
and then figure out why. Just 
a simple explanation will do. 
Random chance for such an 
occurrence is extremely small 
compared to our success. 

Thank you all for the 
SASEs on past articles — it 
does assure you of a speedier 
reply — usually one day turn 
around unless you totally 
stump me, which has 
happened. There were over 
240 letters on the article on 
strobing displays, on updating 
counters in general and 
specifically the K20AW 
model I started with. Forgive 
me please the "form” letter 
replies, but they let me 
answer all but one of them 
the same day. 

Good DX, and when the 
low pressure cell gets very 
close to you with its inherent 
lightning - give it up for 
awhile or your next record 
mileage may be a QSL card 
from the heavens above! ■ 
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<^>Aptron Laboratories 

Box 323 Bloomington IN 47401 
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Social E/ents 


The First Southwest Vintage Radio 
& Phonograph Convention will be 
sponsored by the Southwest Vintage 
Radio & Phonograph Society on the 
5th, 6th and 7th of November at the 
Ramada Inn-Dallas East in Dallas, 
Texas. Planned activities include 

radios, classic radios IMcMurdo- 
Silver/Scott). antique phonographs, 
and general Q&A The usual banquet. 


Three prizes will be awarded in each 
division. In addition a "Best-of-Show" 

information and a pre registration 
packet, please contact Convention 
SVRPS, PO Box 19406, Dallas TX 
75219. 

McAFEE NJ 
NOV 13-14 

The 1976 Hudson Division Conven¬ 
tion will be held November 13-14, 
1976 at the Great Gorge Resort Hotel 
in McAfee, New Jersey. There will be 
ARRL and FCC forums, large indoor 
exhibit area with 40 booths, giant 
outdoor flea market, super raffle, free 
gifts, special features, indoor swim- 

Registration: advance S3, at door S4. 
For hotel registration: A! Piddington 
WA2FAK, 4 Acorn Drive, East North- 


FORT WALTON BEACH FL 

MAR 20 _ 

The Fort Walton Beach Swapfest - 

will be held Sunday, March 20, 1977. 

For further information contact Play- from page 71 

ground Amateur Radio Club, PO Box 

873, Fort Walton Beach FL 32548. would go aim. 


[double bazooka 

DIPOLE 


EDITORIAL 


ATTENTION METRUM II 
OWNERS 


vanguard has a high quality 
synthesizer made for your rig. 
You get 2,000 thumbwheel 
selected channels from 140.000 
to 149.995 MHz in 5 kHz steps 
at .0005% accuracy over the 
temperature range of -10 to +60 
C and your cost is only $159.95. 
With the Metrum, one Vanguard 
synthesizer covers both transmit 
and receive frequencies. 

For complete details and photo 
see our half page ad in the May 
issue of this magazine. 

YAJVGUARD UAHS 




































PHONE PAD S6.50 


SPEED CONTROL 


New, packaged by 1 ? 3 I 

Automatic Electric. '4 |sT (X I 

Preferred by many over 
the tactile pads. Great ‘ . 

for repeaters, auto- * 6 Ji» | 

dialers, etc. ’ n 

SP-213A S6.50 ea 3/S16.00 


New solid state SCR 
speed control for 
AC/DC devices or resis¬ 
tive loads, lights,' etc. 

Good for a whopping 
1.2 KW. Ideal soldering iron control. 

SP-189A $4.50 ea 3/S12.00 



5 VOLT 1 AMP REGULATED power supply kit for logic work. All parts including 

LM309K .#PK-7 S7.50 

DUMMY LOAD resistor, non-inductive, 50 ohm 5 watts.SI.00 

AA NICAD CELLS brand new, fine biz for handy talkies.$1.25 ea 9/S9.00 

SUB-C SIZE, slightly smaller than C but substitutes in most 

usage by use of spacer.New Gould. $1.35 ea, 10 $12.00 

ASCII KEYBOARD brand new w/ROM chip, data package.$45.00 


UNIVERSAL POWER SUPPLY 

A unique plug-in supply by Panasonic. Useful for 
calculators, small radios, charging many & various 
small NiCad batteries. Adjustment screw plug on the 
side changes output voltage to 4Vi, 6, 7V4, or 9 volts 
dc at 100 mA. Output cord with plug, 6 ft. long. 
#SP-143C $4.50 3/$12. 




LASER DISCHARGE CAP 

Sangamo, new, 40 mfd 3,000 volts, 180 Joules. May 
be used for filtering, linears, etc., by derating to 
2,000 volts. Shipping wgt. 10 lbs. Measures 3% x 4V4 
x 9’/* inches. $25.00 each 5/S110.00 


TELEPHONE TOUCH PADS 

New, by Chromerics, standard telephone format. 
Measure 2% x 3 inches. Great for repeaters, phones, 
computers, etc. $4.50 each 6/525.00 




VIDEO TAPE HEADS 

Brand new from Cartravision home video equipment. 
Made for 1/2 inch tape. Includes erase, play, video and 
matched set of 3 record heads. Total of 5 heads. Made 
by Vikron, Bogen, etc. $60 value. #SP 240A $5.00. 


Medwio, 


Please add shipping cost on above. 


P.O. Box 62 

E. Lynn, Massachusetts 01904 


FREE CATALOG 

SP-8NOW READY 

























































visiting these important countries. The Money gets spent out 
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HITEHOUSE& CO. 

17 Newbury Drive, Amherst, N.H. 03031 


TRANSMITTING VARIABLES 

Millen 16250 dual 255pF 3kV.S43.25 _ 

Millen 16520A single 200pF 3kV .. .24.75 
MSB ; Johnson 154-10 single 347pF3kV ..34.60 

IIH Johnson 1 54-507 Dual 200 pF k V .46.20 

A -jMl COUNTER DIAL 

Millen 10031, 0-99 turns readout with 

0-100 vernier dial, ideal for - 

transmatch, fits %" shaft S25.50 

We offer the identical product as the other house at about ONE HALF THE COST 


-OW EST p piC£S 


160-107 2.3-14 pF 
160 110 2.7 -19 pF 
160 130 3.0 -32 pF 
BUTTERFLY 
160-203 1.5-3 pF 
160-205 1.8-5 PF 
160 208 2.2-8 pF 
160 211 2.7 lOpF 
DIFFERENTIAL 
160-303 1.5-5 pF 


160311 2.7 19pF 4.50 

HAMMARLUND SINGLE SECTION 
1200 V 

MC20S3.5 20 pF $8.40 

MC 3SS 6.0 -35 pF 8.50 

MC SOS 6.5 -50 pF 8.60 

MC 75S 8.0 80 pF 8.80 

MCI00s 8.3-100 pF 9.30 

MC140S 10 140 pF 9.40 

MILLEN SINGLE SECTION 800 V 
19100 8 100 pF $11,40 

19140 9.7-148 pF 12.00 

19335 15 339 pF 17.15 

J.W. MILLER 

1460 1 3gang 6 21 pF $6.48 

2101 Igang 11 105pF 18.00 


ROTARY INDUCTORS 

Johnson Style 229-203, 28 mH . 

2KW ANTENNA TUNERS 

Millen 92200 . 

DUMMY LOAD WATTMETER 
B&W Model 374 1.5 kW 0-300 MHz . 
MINIDUCTORS 
3003 $1.85 


3014 1.85 3029/3905-1 5.05 

3015 1.95 

GROUNDED-GRID FILAMENT CHOKES 

B&W FC15A dual winding 15 A.$24.50 

B&W FC30A twin dual winding 30 A.29.00 

R-F PLATE CHOKES 

B&W 800 90 mH 2.5 kV 500 mA.$8.75 

National R175A 145 mH 3 kV 800 mA.10.60 


Transmitting Variables Roller Inductors - Counter Dials - Air Wound Coils - Couplings - 
Knobs - Receiving Variables - Toroids - R.F. Chokes - Coil Forms and more from Millen- 
1-. F. Johnson - Barker & Williamson - JW Miller - Hammarlund, Send First Class Stamp for 
Flyer. A<j<j $2.00 to each order for shipping and handling. Prices subject to change. 


member, do? You can 
ARRL director who she 
your club or at a hamfes 
getting an accounting ol 


thought there would be no accounting 
to the members for it, so they did just 
what you might expect. 

If your director levels with you 
about the corruption, and promises 
not only to end it but to see that 
something is done immediately in the 
way of serious WARC (ITUI prepara¬ 
tion, then perhaps you can forgive 
him for being part of the ooverup and 

Lloyd and Iris Colvin would be 
ideal ham ambassadors ... they know 
the values of amateur radio to small 
countries ... they've been just about 
everywhere in the world, and they are 
about as nice people as you will ever 
meet. Lloyd was being considered 
seriously for president of the League a 
few years back, and I think that one 
of the most serious mistakes the 

electing his crony Daniels, 

We have but two years left to beat 
the bushes for votes among the small 
countries... are you going to let this 
conference go the way ARRL did the 
last one, when we lost 64,492 MHz 
out of our UHF allocated 64,495 
MHz? That's right . . we went into 
the last conference at the ITU and lost 
99.995% of our UHF satellite frequen 
cies. If you don't put the pressure on 


Our country - or any other country - 

who will break the cobwebs on the 
Newington purse and get us all out of 
this fix. Let's put some of that million 
bucks to work while there is still time. 


permitted the board of directors 
5 ARRL Foundation to resign in 
st rather than permit that organi- 
i to try and help with the WARC 

























they have to go to dub meetings and 
hamfests in their area and pass along 
the "word" from HQ. Members keep 
this system going by re-electing 

Perhaps it is unreasonable of me to 

whether he gets 73 or not... but how 
can anyone really be in touch with 
things if he doesn't read 75? I just 
checked, and seven of the 15 directors 


The Boston coi 
RECENT HAMFESTS about what I e 

's see ... somehow we managed downtown Boston al 


QST s costs have gone up substantially 


printers in order to matcf 
size to bigger presses. 

QST has announced 1 


something. 

Apparently the re. 
readership has some 
ARRL is running t 


TO 


HITEHOUSE& CO. 

17 Newbury Drive, Amherst, N.H, 03031 



With built-in ref!ectometer. Write for information on other 


Millen Model 92200 

$199.00 


quality Millen products 

• Transmatch Jr 

• Grid Dip Meter 

• So/id State Dipper 

• Impedance Bridge 


for DELIVERY BEFORE CHRISTMAS. 


QST is increasing to $1.50 in January 
... no word on HR or CQ. 73 will go 
up to $2 in January and the yearly 


Serious about antennas? Then you will want to know about the new 
impedance bridge. Write for details. 

JAMES MILLEN 

MANUFACTURING COMPANY, INC. 


177 





































NOTICE 

NEW 10 LL FREE PHONE 
NUMBER FOR ORDERING 
SUBSCRIPTIONS. BOOKS 
AND TAPES FROM 73 - 
800-258-5473 
OR 

800-251-6771 

Tjj magazine 



Kensco Communications includes: 5 popular channels. 
Also handheld mike with protective case, shoulder 
strap, connectors for external power arid speaker, 9 
long-life C batteries. 

GRAB THE NEWIC-215FM PORTABLE 


+ Front mounted controls 
and top mounted antenna 

+ Narrow filter (15KHz 
compatible spacing) 

+ 15 Channels (12 on dial 
3 priority) 

+ Fully collapsible antenna 

+ Compatible mount feature for 
flexible antenna 

+ Dual power (3 watts high 
400 mw low, nominal) 


It puts good times on the go. Change vehicles...walk through the park... 
climb a hill...and ICOM quality FM communications go right along with 
you.Long lasting internal batteries make portable FM really portable. 
Multiple accessory features make conversion to external power and antenna fast 


Cg>lK«TOMI 


Now ICOM Introduces 15 Channels of FM to Go! 

The New IC-215: the FM Grabber 



























16/76], My ssn 125-32-5960 on 


Also stolen: Courier Comet 23 CB, s/n 
12300643, Stolen from my parked 
auto in Garden City NY on August 
30, 1976. If found, please contact 
heart-broken owner, David K. Gordon 
WB2YUJ, 155 Nimbus Road, Hol¬ 
brook, NY 11741. 


ROBBED: Yaesu FR-101SD1G HF 


digital receiver, s/n 6C31339. Yaesu 
FL101 HF digital transmitter, s/n 
GE306276. Stolen from Associated 
Electronic Service, 404 Arrawana, 
Colorado Springs CO 80909. 

RIPPED OFF: Kyokuto FM-144 2m 
transceiver, s/n 6215. Stolen from 
vehicle at Los Angeles Coliseum on 
July 24. 1976, Contact Abel J. Tapia 
WA6FSZ, PO Box 414, Montclair CA 
91763. 


RUSTLED: Drake MN-2000 matching 
network, s/n 6485. Heath SB-650 
frequency counter. Stolen on August 

County. Please contact Cliff Cooley, 
Jr. WN2GHL, 4 Camp Hill Road. 
Pomona NY 10970. 


HIJACKED: Icom 230 2 meter radio, 
s/n 240-2915, forcibly removed from 
vehicle in Fort Wayne, Indiana on 
September 4, 1976. Report filed with 
Fort Wayne police. Kenneth C. 
DeGroff WB90CW, 62322 Oak Road, 
South Bend, Indiana 46614 


FCC 


suirrauun 

ANNUAL CHRISTMAS 
PARTS SALE! 


All parts are BRAND NEW PRIME UNITS unless otherwise specified. Some are 
limited in quantity and these prices are effective only until December 24,1976. 




KR2376-30 Keyboard encoder - $6.95 
(Data and code sheets incl.) 


1C SOCKETS 
(SOLDER PIN) 

8 pin $ .20 



We also stock an in-depth line of 7400 series TTL, including CMOS. Please inquire as to availability 
and price. Video Display Terminal subassemblies and Keyboards are still available, but the supply is 
dwindling. Graphics Drivers are in full production and available from stock. Please see our ads in 
August and September 73 for details. 



FCC ANNOUNCES CHANGE IN 
ISSUANCE OF NOVICE CLASS 
AMATEUR RADIO CALLSIGNS 

provide the public with rapid and 
effective service, the Commission will 

Presently, Novice class stations in 

"WN" to facilitate their identification 

outside the continental United States 
are also assigned distinctive callsigns. 
This practice has proved to be unsatis- 

difficulties in the processing of ama- 

which are the issuance of the same 
callsign to two different stations and 
the issuance of callsigns In callsign 
blocks, such as "WC," which are not 
available for general amateur use. 

Accordingly, beginning October 1, 
1976, each Novice callsign was 
assigned in accordance with the fol¬ 
lowing; 

Present Prefix New Prefix 
WN0 WB0* 

WN1 WB1 

WN2 WD2 

WN3 WB3 

WN4 WD4 

WN5 WB5* 

WN6 WD6 

WN7 WB7 

WN8 WD8 


WH6 KH6 

WL7 KL7 

WP4 KP4 

WP6 KP6 

WG6 KG6 

WS4 KS4 

WS6 KS6 

WV4 KV4 

WW6 KW6 

WJ6 KJ6 

'Callsigns in these areas are presently 
nearing the end of the WB series. 

"WD" callsigns will be issued, 
expiration dates of October 1, 1976 

licenses will be identical to the 
licenses superseded, except that they 
will have printed on them the callsigns 

assigned under the old callsign assign- 

class operating privileges. The new 
callsign must be used by the Novice 
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